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Introduction

“... the roaring of the sea and wind, fiery meteors flying about in the air, the
prodigious glare of almost perpetual lightening, the crash of falling houses, ... the
ear-piercing shrieks of the distressed were sufficient to strike astonishment into
Angels.”

— Alexander Hamilton, in his firsthand account of a West Indies
hurricane in 1772

If you live in Louisiana, history indicates that you have a 1-in-10 chance of

being affected by a hurricane, which means that you have a far greater chance of
experiencing a hurricane every year than winning the Louisiana Lottery. Even so,
while many residents make regular “investments” in the lottery, few attend to the
fundamental and often simple precautions that could greatly reduce their exposure
to hurricane risks. Careful planning can enable residents to adequately prepare for
and recover from hurricane threats and can minimize potential property damage,

economic loss and emotional distress.

The recent experiences of Hurricanes Katrina and Rita are costly reminders of the
physical impact that coastal storms have on the landscape of south Louisiana. Even
though Hurricane Katrina was the most destructive and costliest tropical cyclone

in the history of the United States, it is important to remember that many previous
storms were likely more powerful. Records show that, since the French Colonial
Period, a hurricane has affected Louisiana at an average rate of once every three
years.' In fact, the Grand Isle area is among the 10 most likely hurricane landfalls in
the United States, and storm damage in Louisiana has become bitter testimony to the

risks of coastal living.?

Katrina and Rita certainly won’t be the last hurricanes to strike south Louisiana, and
the next hurricane season may bring storms that are even more destructive. Along
with the physical hardships and financial losses left in the wake of a storm comes

an opportunity to plan and build more effectively to mitigate the effects of the next
one. The intent of this guidebook is to present basic strategies that can help planners,
managers and property owners in coastal communities better prepare for and recover

from hurricanes.

The historical hurricanes that have struck Louisiana have greatly affected human
behavior. Early accounts describe attempts to defend against the storms and

the permanent abandonment of hazardous areas left in their wake. In modern



times, residents have employed numerous devices and strategies, both structural and
nonstructural, to deal with hurricane impacts and other flooding events. The effectiveness
of various defenses has been inconsistent, as demonstrated during Hurricanes Katrina
and Rita. Government efforts in building flood control projects and encouraging hazard
mitigation through incentives have left many people unprotected from those storms,

either through failure of engineering or miscalculation of risk on their part.

The 2005 storms reminded us that, try as we might, we will never be fully protected from
the forces of nature and we are indeed much more vulnerable to certain disasters than we
allow ourselves to admit. At the same time, we love our homes, our culture and the places
of our ancestors, so the idea of removing ourselves from hazardous areas often carries
with it as much trepidation and anxiety as staying to face the next disaster. We are, of
course, free to take the risks that are justified by our own personal calculations and that
we are individually willing to pay for, both emotionally and monetarily. Problems arise
when we ask the greater society to shoulder our burdens time and again from the same
unwinnable positions and the same untenable strategies. With continued destruction,
government aid will become harder to acquire, and private sector resources such as
insurance and banking will not be available to fuel growth. It is up to us, as individuals
and local governments, to take the lead in protecting our lives and property and to
establish resilient and sustainable communities. Some areas may no longer be suitable for
human occupation due to changed environments and natural forces. Serious discussion

is needed to determine a prudent course of action for coastal development that allows as

much individual autonomy as possible while conserving society’s resources.

Since the storms of 2005, calls have arisen for a “great wall of Louisiana,” a levee or a
combination of levees with floodgates that will protect all or most of the inhabited areas
of coastal Louisiana and allow us to conduct business as usual with few worries about
future natural disasters. This guidebook assumes no extensive structural protection, and
even if such a gargantuan project was built, its effectiveness would be limited. The cost of
such a project, including perpetual maintenance, is well beyond the resources of the State
of Louisiana, and it will be difficult to justify as a national effort when compared to other
less costly protection measures, such as safer development. Even if we can convince the
federal government to participate in building a massive levee system, the time horizon for
authorizations, appropriations and construction will take several decades, during which
coastal residents remain vulnerable to storms. Once a levee system is built, those living
inside it will still be vulnerable because levees fail and people will still remain in low-
lying areas naturally prone to flooding.



Coastal Louisiana is a dynamic system, built and maintained by forces that are constantly
changing. Building large structures will alter hydrologic and sediment processes,
hastening the demise of the landscape, increasing the vulnerability of the levee system

to the open sea and exacerbating subsidence inside the system. We cannot “fix” coastal
Louisiana in time to make it static to correspond to our notions of property and territory
while retaining the very qualities that attracted us in the first place and that we value so
much. If we are to live and thrive in coastal Louisiana, we must be as dynamic as the
natural environment by adapting to its rhythms and changes. The information in the

Louisiana Coastal Hazard Mitigation Guidebook is designed to allow us such adaptation.

The impetus for the guidebook came in part from the Presidents’ Forum on Meeting
Coastal Challenges series held at Louisiana State University. Those seminars were
designed to assist coastal parish and municipal officials in addressing serious threats
posed by land loss, sea level rise and storms. During the forums, parish officials
expressed frustration with the lack of planning tools they could use to bring about safer
development. From that request came a study by the Louisiana Sea Grant Law and
Policy Program titled “Hazard Mitigation and Land Use Planning in Coastal Louisiana:
Recommendations for the Future,” which determined the status of natural hazards land
use planning in coastal Louisiana and made recommendations for improvements to

hazard mitigation measures. This guidebook draws on parts of that study.

The strategies put forth herein will reduce, but not eliminate, the risks from coastal
natural hazards such as storm surge, other flooding, subsidence and sea level rise,

and are meant to serve as an extra layer of protection or another line of defense. The
strategies and techniques may be implemented by local governments and individuals
without dependence on state or federal governments. In other words, this is a “self-help”

guidebook.

The guidebook brings together tools, techniques and policies that are available or could
be developed by local governments to mitigate natural hazards. The guidebook does not
attempt to discuss all or most of these mitigation measures in great detail because many
of them are covered exhaustively by other sources. For example, the FEMA Coastal
Construction Manual’ is a thorough treatise on building techniques designed to reduce
property damage. The guidebook uses examples from the Coastal Construction Manual,
but the reader should go to that source to derive the full benefits of the information it

offers.



This guidebook demonstrates how communities can adopt a flexible approach to hazard
planning, allowing them to accommodate a wide range of attitudes toward restrictions on
the use of property to mitigate hazards. Landowners, developers and architects can use

it to design stronger and safer projects with increased value because of their increased

safety and resiliency to hazards.

The public may use the guidebook in two ways. First, interested citizens can use it to
provide input into the development process of their communities and to advocate for
safer development. Second, the public may use the guide to become better informed
consumers of property. Important questions to ask before buying land, a home or business
might include: Is the property in a floodway or storm surge path? What is the rate of
subsidence and relative sea level rise in the area? Do improvements on the property meet
any standards for hazard mitigation? This guide will provide some of the answers, as well
as sources of more detailed information to assist with the disclosure of possible defects.
Information empowers consumers rather than leaving them to the mercy of “buyer

beware” transactions.



Chapter References

—

J.T. KELLEY ET AL., LIVING WITH THE LouisiaNa SHORE 9 (Duke University Press 1984).

1d.

R.E. EMMER, J. WILKINS, L. ScHiavINATO, M. Davis, & M. WascoMm, LouisiANA SEA GRANT
CoLLEGE PROGRAM, HAZARD MITIGATION AND LAND USE PLANNING IN COASTAL LOUISIANA:
RECOMMENDATIONS FOR THE FUTURE (2007), available at http://www.lsu.edu/sglegal/pdfs/
CompPlanningReport.pdf.

FEp. EMERGENCY MGMT. AGENCY, FEMA CoastaL CoNSTRUCTION MaNuaL, FEMA 55 (3rD
ED., 2000).






CHAPTER 1

Natural Hazards of the Louisiana Coastal Zone

Natural hazards are geologic, atmospheric or hydrologic events that adversely affect
human life, property or activity.! Scientists describe natural hazards in terms of risk
and vulnerability. Risk is the probability of an event or condition occurring? that will
result in injury or damage.? Vulnerability is the susceptibility of an area or structure to
damage.* For example, two houses are at risk because they are in the Special Flood
Hazard Area (meaning the area that has a 1 percent chance of flood in a given year),
but the slab-on-grade house is more vulnerable to damage from flooding than the

house elevated on piers.

The presence of chronic and episodic natural hazards makes Louisiana’s coastal

zone a high-risk place in which to live and work. The state’s location, between the
Mississippi River deltaic plain and the chenier plain along the north-central Gulf of
Mexico, heightens the likelihood of experiencing hurricanes, storm surge and record-
breaking precipitation, and many of the state’s people live on a landscape that is
subsiding as sea level rises. Consequently, development is at risk no matter where

or how it takes place. New and upgraded levees and river diversions offer potential
protection, but these are long-term solutions that will take 50 to 70 years to build.
Today and in the foreseeable future, Louisiana’s coastal zone residents and businesses
are in a situation in which they must take action to reduce damage from floods and
other hazards. If state and local governments are to operate for the next several
decades with virtually no enhanced levee protection, they must initiate comprehensive
planning and give greater attention to nonstructural measures for hazard loss

reduction.

1.1 Natural Hazards in Louisiana

Fifteen types of natural hazards affect all or parts of the United States.’ Eight of
these hazards have a significant impact on the Louisiana coastal zone — flooding,
subsidence, sea level rise, coastal erosion, tornadoes, windstorms, hurricanes and

storm surge.

1.1.1 Flooding
Flooding of yards, roads and uplands occurs because of persistent south and southeast

winds. A secondary effect of onshore winds is backwater flooding, when higher



water in bays and lakes prevents runoff from coastal watersheds from discharging into
estuaries.® Precipitation results from the storm’s accompanying weather fronts, squall
lines, thunderstorms and tropical weather systems. For example, a thunderstorm may
release rain on New Orleans at a rate of 12 inches per hour.” Fortunately, thunderstorms
are of short duration and rarely approach these estimates. However, an extreme event

did occur in 1995 when persistent rain and thunderstorms along a stalled front dumped
almost 16 inches of rainfall on Slidell in less than 24 hours. The entire event exceeded 20

inches, causing millions of dollars of damage in southeastern Louisiana.?

In the years leading up to Hurricane Katrina, inland flooding caused more storm-related
deaths than any other hazard associated with tropical cyclones. Rainfall up to 24 inches
in a single day can be expected during hurricanes and tropical storms. Flooding of homes
and businesses from hurricanes and tropical storms can occur if the capacity of natural or
pumped drainage systems is exceeded, as occurred in parts of New Orleans that were not
inundated directly by levee breaks during Hurricane Katrina. Local streams and rivers
may receive water in a greater volume than can be carried safely within channels, leading

them to overflow their banks.

1.1.2 Subsidence
Subsidence, which refers to “the loss of surface elevation due to removal of subsurface
support,”™ is caused by crustal deformation; sediment compaction; withdrawal of
groundwater, hydrocarbons, geothermal fluids or minerals (sulphur); and dewatering of
organic soils.'’ Alternatively, regional subsidence could be the result of south Louisiana
slowly sliding into the deeper waters of the Gulf of Mexico, a process several orders
of magnitude greater than the offshore slumps that threaten pipelines and drilling
platforms.!' The contribution of faulting, whether naturally occurring or human-caused,
is being debated and investigated.'> Most subsidence problems in south Louisiana
result from the dewatering of unstable soils.'* When wetland soils — which are poorly
drained, of low strength and have a mucky surface and underlying organic material — are
drained, the surface subsides.'* Initial subsidence takes place during the three years after
drainage, when approximately 50 percent of the thickness of the organic material above
the groundwater will be lost.!> For example, in some areas of Jefferson Parish, the total
subsidence potential is 144 inches,'® placing severe limitations on urban uses. Pilings
must be used to support foundations, driveways and other hard surfaces to prevent them

from cracking and/or tilting."”



1.1.3 Sea Level Rise
Complicating the impact of subsidence on coastal Louisiana is sea level rise. Sea level
rise is gaining attention as international scientists publish their findings on climate
change.'® A significant rise in sea level combined with geosyncline downwarping,
compaction of sediments, consolidation of materials and fluid withdrawal will have a
devastating effect on the state’s low-lying coastal zone.!* These impacts will include
the inundation of communities, an increase in the frequency and severity of storms and
storm surge, accelerated shoreline erosion, drowning of wetlands and their subsequent
loss, modification of coastal processes and damage to shoreline structures and land uses.*
Even if sea level rises only 1 foot over the next 100 years, coastal Louisiana will lose vast

acres of wetlands, and people will need to relocate inland.?!

1.1.4 Coastal Erosion

Coastal erosion is a continual process along the Louisiana shoreline.?? The barrier islands
and beaches from the Mississippi state line to Atchafalaya Bay are eroding, except for
two sections, one at the eastern end of Grand Isle and the second at the western end of
Timbalier Island.”* Along the chenier plain, accretion is occurring from the vicinity of
Marsh Island west approximately 25 miles into Vermilion Parish, and in Cameron Parish
from the Mermantau River to west of the Calcasieu River.** Retreating shorelines threaten
development on Grand Isle, Fourchon, Rutherford Beach and Holly Beach — the only

Louisiana communities that abut the Gulf of Mexico.?

1.1.5 Tornadoes
Tornadoes are small (300 to 1,500 feet in diameter) but intense and destructive low-
pressure centers with winds in excess of 250 mph.? Tornadoes that cross the coastal zone
can uproot trees, demolish sturdy structures such as schools and churches and devastate
manufactured homes. They are most frequent during the spring and summer in advance
of cold fronts or in association with hurricanes.?’” During hurricanes, tornadoes are most
likely to occur in the right-front quadrant of the storm, which has the highest-velocity
winds. While some hurricanes produce no tornadoes, more than half of hurricanes making
landfall produce at least one tornado. Tornadoes in hurricanes and tropical storms
develop with little warning and can be hard to detect, as they are often wrapped in rain,

making them invisible to radar.



1.1.6 Windstorms
Windstorms result from the migration of weather fronts and the presence of
thunderstorms.?® These straight-line winds can be highly destructive and have been

mistaken for tornadoes.”

1.1.7 Hurricanes

A hurricane in the northern hemisphere is a type of tropical cyclone, which is a generic
term for a weather system characterized by counter-clockwise rotation around a center
of low barometric pressure that generally forms in the tropical belt near the equator.
Such storms typically develop between late May and early November off the coast of
Africa and move thousands of miles over oceans and seas before striking Louisiana.
Alternatively, a storm may form in the Gulf and come ashore as a powerful hurricane
a day or two later. Hurricanes, which pack winds of 74 mph or greater, top the list of
natural hazards affecting Louisiana. They are most likely to strike from June through

November.*°

Hurricane winds and storm surge destroy most of what lies in their paths, with the most
intense damage occurring in the forward-right quadrant of the storm.>' The cyclone is
accompanied by thunderstorms, and the counter-clockwise rotation results in strong
winds near the sea surface.*> A tropical cyclone draws energy from warm ocean water

but weakens when moving onshore (making landfall).* While maximum sustained wind
speeds may drop relatively rapidly after landfall, a weakening hurricane system can

be a source of tornadoes, destructive winds and extraordinarily intense rainstorms for
hundreds of miles inland. Storms are classified by meteorologists based on the maximum

sustained wind speed (1 minute average velocity) at about 30 feet above ground level.**

Storm Classifications

Tropical Depression: An organized system of clouds and thunderstorms with a defined
surface circulation and maximum sustained winds of 38 mph or less.

Tropical Storm: An organized system of strong thunderstorms with a defined surface
circulation and maximum sustained winds of 39 to 73 mph.

Hurricane: An intense tropical weather system of strong thunderstorms with a well-
defined surface circulation and maximum sustained winds of 74 mph or greater.

Hurricane Watch: Issued when a hurricane may threaten a specified land area within 24
to 36 hours.

10



Hurricane Warning: Issued when a hurricane is expected in a specified land area within
24 hours.

Tornado Watch: Issued when conditions are favorable for a tornado.

Tornado Warning: Issued when a tornado has been sighted or detected by radar.

Hurricane Classifications*®

Hurricane strength is commonly based on the Saffir-Simpson Scale. This is a
classification system for hurricanes, ranging from Category 1 up to the maximum
Category 5, and relates wind speeds to the potential for damage on land. For example,
a Category 4 hurricane has maximum sustained winds between 131 and 155 mph and,
on average, can be expected to cause 100 times the damage of a Category 1 storm.
Depending on circumstances, however, gusts greater than the sustained winds in less
intense storms may still be strong enough to cause severe damage, particularly in areas

that have not prepared in advance.

Category 1: Winds 74 to 95 mph, storm surge 4 to 5 feet (minimal threat of structural
damage to most buildings, some loss of tree branches; minor flooding)

Category 2: Winds 96 to 110 mph; storm surge 6 to 8 feet (moderate threat of damage to
buildings, loss of large tree branches; local flooding)

Category 3: Winds 111 to 130 mph, storm surge 9 to 12 feet (extensive damage to
buildings, extensive loss of trees, levees breached; widespread flooding)

Category 4: Winds 131 to 155 mph; storm surge 13 to 18 feet (extreme damage to
structures and roofs; extreme loss of trees; levees topped, extensive flooding)

Category 5: Winds exceed 155 mph, storm surge exceeds 18 feet (catastrophic loss of
buildings, catastrophic landscape losses; major flooding)

1"
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Figure 1-1. Paths of severe hurricanes (Category 3 or higher) making landfall in Louisiana,
1851-2006 (Map by J. Farrell based on data courtesy of the National Oceanic and Atmospheric
Administration (NOAA) Tropical Prediction Center/National Hurricane Center & the NOAA Coastal
Services Center).

The National Oceanic and Atmospheric Administration (NOAA) hurricane track
database reveals approximately 80 landfalls of tropical storms or hurricanes on or near
the Louisiana coast since 1899.37 Of these, 14 have been severe storms — Category 3 or
higher (Figure 1-1).*® Thus, a severe hurricane of Category 3 or higher comes ashore
on the Louisiana coast every seven or eight years, on average. Cameron and Vermilion
parishes in southwest Louisiana, and Plaquemines and St. Bernard parishes in southeast
Louisiana, have the highest potential for hurricane landfall (Figure 1-2).>° Historically

significant Louisiana storms are listed in Appendix 2.
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Figure 1-2. Average return periods (expressed in years) for tropical storms, hurricanes and
severe hurricanes, 1901-2005 (From B.D. Keim, R.A. Muller and G.W. Stone. 2007.
“Spatiotemporal Patterns and Return Periods of Tropical Storm and Hurricane Strikes from
Texas to Maine.” Journal of Climate 20).

The highest wind speeds in a hurricane coming ashore on the Gulf Coast are found in the
northeastern (right-front) quadrant of a storm moving to the north. The strongest winds
associated with a hurricane are usually found in a core surrounding the calm center of the
eye, which may be 10 to 30 miles across. However, strong damaging winds associated
with squalls can also be found along the outer fringes of the storm. Winds can pick up

loose objects, such as roof tiles or lawn furniture, and turn them into dangerous missiles.
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Hurricane- and tropical storm-force winds are often felt hundreds of miles from the

center.

Hurricanes may be compact, with a diameter under 100 miles, measured from the outer
fringes of tropical storm force winds. In other cases, hurricane- and tropical storm-force
winds extend out from the eye for a radius of 200 miles or more, creating a system more
than 400 miles across.

1.1.8 Storm Surge
Of the range of hazards associated with hurricanes and tropical storms, the surge threat is
most important for coastal planning purposes. Usually, storm surge is the greatest cause
of destruction in a Gulf of Mexico hurricane, though flooding due to rainfall and swollen
streams also causes localized problems. It is vital that Louisiana’s citizens and leaders
understand the basics of storm surge so they can assess the level of threat posed by surge

when they are asked to evacuate or take other preparatory actions.

e ]
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Figure 1-3. Storm surge as a hurricane moves ashore (From FEMA. 2006. Recommended Resi-
dential Construction on the Gulf Coast, FEMA 550).

Hurricane storm surge is the rapid rise of water above mean sea level.** Shoreline retreat
may exceed 65 feet per year as a result of storm surge and natural processes.*! Because
of storm surge, wetlands become open waterbodies; homes and businesses that are not
entirely demolished may float miles from their foundations; floodwalls fail; levees are
overtopped; and cities are flooded. Lives are lost when people fail to evacuate in a timely

manner before a hurricane.*? Highways and bridges are undermined or washed away.
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Storm surge is the bulge of ocean water set in motion offshore by the cyclonic winds

and low barometric pressure of the hurricane. The bulge is driven ahead of a hurricane
or tropical storm as it approaches the coast and results in a rapid rise in sea level
accompanied by large battering waves (Figure 1-3). The surge is caused initially by
strong onshore winds that push ocean water onto the shallow continental shelf offshore,
and then against higher coastal landscape features as water flows rapidly onshore, both in

channels and over low-lying land.

Storm surge travels preferentially in canals and rivers connected to the sea, as well as
over coastal wetlands, but surge also may be set up in large coastal lakes like Calcasieu
Lake south of Lake Charles (Figure 1-4) and Lake Pontchartrain and Lake Borgne around
New Orleans (Figure 1-5). It is important to keep in mind that storm surge can also affect
inland waterbodies. For example, one historic surge that killed thousands occurred on

Lake Okeechobee, a completely land-locked waterbody in south Florida (Figure 1-6).

CHa
(14.90) :
Q) - Baromaetric-pressure sensor at site LC6b
- Watar-lavel sensor at site LC5
- Co-located barometric and water-level sensor at site LT
- Sensor lost to hurricane at site LC10
{7.38)- Maximum water-level elevation at site LC8b (feet above NAVD 88)
ol (U =30 - Land-surface elevation (feet above NAVD 88)

Figure 1-4. Storm surge in southwest Louisiana caused by Hurricane Rita, Sept. 24, 2005. Rita
came ashore essentially at the Texas-Louisiana boundary with a surge that peaked at about 15
feet. Note the City of Lake Charles at the north end of Calcasieu Lake (From B. McGee et al.
2006. Hurricane Rita Surge Data, Southwestern Louisiana and Southeastern Texas, September

to November 2005, Data Series 220).
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Lake Pontchartrain

i Dupre

Figure 1-5. The New Orleans metro area is surrounded by large estuarine lakes, including Lake
Pontchartrain to the north and Lake Borgne to the east. Significant storm surge was experienced
for these lakes during Hurricane Katrina, with estimated heights of 11 feet for areas along Lake
Pontchartrain and 18 feet for areas along Lake Borgne (Modified from U.S. Army Corps of
Engineers. Interagency Performance Evaluation Team. 2006. Performance Evaluation of the
New Orleans and Southeast Louisiana Hurricane Protection System).
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Lake Okeechobee, 1928
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Figure 1-6. Areas in south Florida inundated by storm surge in the 1928 Okeechobee storm.
Okeechobee is an inland lake that experienced significant storm surge. Louisiana’s many coastal
lakes and bays are vulnerable to the same effects from hurricanes and are high-risk areas

(From Eric L. Gross. 1995. Somebody Got Drowned, Lord: Florida and the Great Okeechobee
Hurricane Disaster of 1928, Vols. | and Il (Ph.D. dissertation)).

As a hurricane moves inland, the initially onshore (southerly) and easterly winds shift
suddenly to northerly and westerly, so that shorelines with differing orientations are
sequentially affected before the surge relaxes and water rushes back out to sea. The
whole hurricane surge sequence is typically completed within 12 hours, though flood
effects often last longer, particularly if water is trapped behind inland barriers or the
storm is accompanied by intense rainfall. During this relatively brief period, however,
surge can destroy and carry away levees and buildings, cut new inlets through barrier

islands and impose great hardships on people living in an affected city or region.
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The size of the storm as it approaches the coast affects the volume of water pushed
ashore and the length of coastline that is impacted. Hurricane Katrina made landfall as
a Category 3 storm on the Louisiana-Mississippi state line, but caused damaging storm
surge more than 250 miles to the east in the panhandle of Florida.** While the greatest
surge associated with Katrina occurred on the Mississippi coast, east of the point of
landfall, New Orleans was still flooded despite being on the western, weaker side of the

storm track.

The track a hurricane follows is important, as is its forward speed. Some storms may
follow the coast a distance offshore, while others take a track that crosses the coast more
perpendicularly. If water can escape alongshore ahead of the storm, then surge buildup
may be limited. If a storm comes ashore fast enough, it may not have time to build-up
surge. All other things being equal, a slower-moving storm (less than 10 miles per hour)
following a track perpendicular to the coast has more potential to cause a damaging surge

than one moving faster or at a greater angle to the shoreline.

Meteorologists have developed increasingly sophisticated models for predicting
hurricane track and intensity, but hurricanes continue to surprise them with erratic and
unpredictable behavior. Specially equipped hurricane-hunter aircraft and satellites

gather useful information about approaching storms, and this data has greatly improved
the accuracy of forecasts. But even the best models rarely can predict the location of
landfall to within a 100 miles more than 24 hours before a storm comes ashore. For this
reason, coastal residents must regard all forecasts with great caution and heed warnings to

evacuate.

1.2 Effects of the Coast on Storm Surge

Storm surge height at any point along the coast is not a simple function of the size

and velocity of storm winds. Surge also is affected by peculiarities of the coast. The
bathymetry (underwater topography offshore) as well as the shape and character of the
shoreline, dramatically influence the height and duration of storm surge. Wind stress
creates higher storm surges in relatively shallow water, which is one reason large, shallow
inland lakes can generate big surges. Wide expanses of shallow seabed extend more than
a 100 miles seaward for much of the Louisiana coast, and this tends to increase the peak
of the storm surge that eventually comes ashore. Hurricane winds directed toward the
coast raise surge, while those blowing offshore can produce a lowering of water at the

coast or within coastal bays and estuaries.
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Figure 1-7. ADCIRC simulation of Hurricane Katrina surge sequence from Aug. 29, 2005 - 7 a.m.
(top left), 8 a.m. (top right), 9 a.m. (bottom left), 10 a.m. (bottom right). Surge is negative (blue)
west of Mississippi River and up to more than 7 meters (25 feet) on the Mississippi Coast (red).
The vectors indicate wind direction, with the center of circulation (eye) visible in the top right

and bottom left panels. Flow over levees begins before 8 a.m. Note surge buildup in coastal
indentations and against levees (From Ivor LI. Van Heerden et al. Team Louisiana. 2006. The
Failure of the New Orleans Levee System during Hurricane Katrina).

Most surge dynamics are quite accurately reproduced in the most recent generation of
mathematical storm surge models run on supercomputers. They simulate the wind stress
generated by a hurricane and the complex way in which surge builds on the particular
shorelines. The Advanced CIRCulation model (ADCIRC) was run by scientists at the
LSU Hurricane Center during the 2005 hurricane season.*> ADCIRC computes the ever-
changing wind stresses associated with a storm moving across the ocean and the effect of
this stress on ocean circulation and the water surface elevation at hundreds of thousands
of locations or nodes (Figure 1-8). The Sea, Lake and Overland Surge from Hurricanes
model (SLOSH) is an older model still widely used for the same purpose.*® ADCIRC

and SLOSH are provided with parameters issued by the National Hurricane Center that

describe the likely track and characteristics of an incoming hurricane.

Figures 1-8 and 1-9 show the predicted and actual storm surge from Hurricane Rita in
southwest Louisiana. An examination of these figures shows that the ADCIRC model is
capable of predicting storm surge with a high degree of accuracy. This capability gives

parish governments extremely valuable tools with which to protect their citizenry from
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natural hazards, but it also may impose on governments a higher level of responsibility
to those citizens. The models are able to compute surge within any area, like coastal
Louisiana, for which the configuration of the seabed and landscape has previously been
input. It quickly becomes apparent, when looking at a number of hurricane simulations,
that certain parts of the coast are inherently more susceptible to high surge and damage
because of the geometry of the coastal landscape. Where the coastline takes an abrupt
turn seaward, as on the east side of the peninsula formed by the Mississippi River, the
embayment or “bight” can trap water, causing it to rise up against levees and other higher
features. The Lake Borgne funnel on the east side of New Orleans is one such area
(Figure 1-10).
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Figure 1-8. ADCIRC simulation of predicted storm surge from Hurricane Rita — Note that the
predicted extent of storm surge simulated by the ADCIRC model nearly mirrors the observed
storm surge, which is shown in Figure 1-9 for comparison (Image courtesy of M. Wolcott, based
on ADCIRC modeling by H. Mashriqui).
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Figure 1-9. Observed storm surge from Hurricane Rita (Image courtesy of M. Wolcott, based on
ADCIRC modeling by H. Mashriqui).
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Figure 1-10. ADCIRC simulation of water circulation generated by Hurricane Katrina around
New Orleans and over the tops of levees at the onset of flooding -- Note that the triangular
“funnel” opening to the east includes flows along and across the levees and floodwalls shown in
pink (From Ivor LI. Van Heerden et al. Team Louisiana. 2006. The Failure of the New Orleans
Levee System during Hurricane Katrina).

Scientists and engineers talk about storm surge elevation or storm surge depth, which
are related but different. The elevation of the surge is the height of the water surface
above mean sea level, usually without including the contribution of waves. Wave peaks
extend above what is euphemistically called the “still water line,” while the troughs dip
below this line. Mean sea level is an oceanographic term based on long-term tide gage
measurements, but it can be related to the reference system or datum generally used

by surveyors to map land elevations, now the North American Vertical Datum of 1988
(NAVDSS). Storm surge depth is more meaningful to coastal residents and more closely
related to the degree of damage caused. It is calculated by subtracting land elevation

from water elevation (Figure 1-11).

22



INTERPRETING STORM SURGE
AND ADCIRC MODEL RESULTS

Surge
Elevation

Water Depth

i

S e

Ground |
Elevati_oq !

Figure 1-11. Terms used to describe storm surge (Image courtesy of M. Wolcott).

Storm surges are, by nature, short-lived. The term surge implies a sudden movement of
water quickly generated but soon over. This short life span distinguishes storm surges
from river floods, which can last for months. Flooding from Hurricane Katrina’s storm
surge lasted more than a month in New Orleans only because so much of the city is below
sea level and had to await the repair of both the levees and pump systems before the

water that collected during the storm could be removed.

A time-history of surge at a single point is called a “surge hydrograph.” Ideally,
researchers use data from established tide gages (Figure 1-12). Unfortunately, few gages
in the areas most affected by Katrina operated continuously throughout the surge event.
While researchers were able to determine the maximum surge elevation at many points
from high-water marks left behind after the event, they also used a variety of creative
methods to reconstruct surge hydrographs. Hydrographs from locations around the south
shore of Lake Pontchartrain (on the north side of New Orleans) were constructed from

partial gage data as well as time-stamped photographs (Figure 1-13).
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Figure 1-12. Surge measured at the long-term coastal tide gage located at Grand Isle on the
Louisiana coast (From Interagency Performance Evaluation Taskforce. 2007. Evaluation of the
New Orleans and Southeast Louisiana Hurricane Protection System.
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Figure 1-13. Storm surge on the south shore of Lake Pontchartrain (on the north side of New
Orleans) reconstructed from partial gage data and from time-stamped photographs (From
Interagency Performance Evaluation Taskforce. 2007. Evaluation of the New Orleans and
Southeast Louisiana Hurricane Protection System.
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Typically, the surge hydrograph will include a relatively slow initial rise while the storm
is still some distance offshore (Figure 1-12). This phase lasted about a day and resulted
in a rise in Lake Pontchartrain to about 3 feet above sea level (Figure 1-13). This was
followed by a much more rapid ascent to a peak of about 12 feet over nine hours as the
storm came onshore to the east. The subsequent drop may be rapid or slower, depending
on how quickly natural outlets and channels can convey water seaward. At the Grand
Isle gage located at the coast, the fall and return to normal tide level occurred over about
a day. Because Lake Pontchartrain has relatively constricted connections to the Gulf

of Mexico, lake levels took nearly three days to return to 3 feet above normal sea level
(Figure 1-13). This slow drop contributed greatly to the flooding of New Orleans through
failed floodwalls.

The maximum elevation for storm surge recorded in the United States was documented at
about 30 feet above sea level for the Mississippi coast during Katrina. The last hurricane
to cause similar storm surge damage was Hurricane Camille, which came ashore in the
same area in August 1969. Although much smaller in diameter than Katrina, Camille’s
record 190-mph winds generated a storm surge measuring as much as 24 feet along a

shorter reach of the Mississippi coast.?’

The layout or geometry of the coast can cause surge elevation to be higher or lower

in different places, as can be seen in the surge simulation from Katrina (Figure 1-7).
Generally, however, the surge depth is greatest at the coast because land elevations are
lowest there and because the surge loses elevation as it spreads out and travels over land
(Figure 1-11).

Another important factor comes into play that makes property near the coast more
vulnerable than inland property, even if the land elevation is similar in both places.
Waves generated offshore ride the top of the surge, but tend to lose energy quickly when
they shoal and break in shallow water. Therefore, while the surge may roll tens of miles
inland in low-lying coastal estuaries and river bottoms, waves greater than about 3 feet
rarely make it more than a mile or two inland, except in large coastal lakes. Breaking
waves generate extremely high-velocity flows that rush upward beyond the surge
elevation and have the potential to cause great damage to hurricane protection structures
like earthen levees, particularly if they cause “overtopping” (Figure 1-14). Accordingly,
engineers must consider the likelihood of wave attack when deciding where to locate
such structures and whether to armor them with resistant materials like rock or concrete.
Structures located adjacent to large waterbodies are more exposed to waves than those

located farther inland or behind expanses of wetlands.
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SOURCE: FEMA, 2003

Outer crest level

Figure 1-14. Hurricane-generated waves ride on top of the surge and turn levees and inland
bluffs into beaches that can be eroded by the high-velocity flows that occur when waves break
and water rushes uphill beyond the surge elevation. Overtopping raises the potential for erosion
on the back side of levees (Adapted from FEMA. 2003. Guidelines and Specifications for Flood
Hazard Mapping Partners).

1.3 Wetland and Lake Effects on Storm Surge

While the size and orientation of coastal lakes and bays can increase both the severity and
duration of the surge event, low-lying wetland landscapes can have the opposite effect.
The wetland effect has been observed in most storms affecting the Louisiana coast. This
phenomenon was also noted by scientists documenting damage from the December 2004
Indian Ocean tsunami, who reported reduced damage in areas sheltered by intact coastal
wetlands and an inverse effect where there were no wetlands or where wetlands had been
destroyed by man.*® This effect was appreciated by observers on the ground, but the
physics that cause it remain poorly understood. In fact, prior to Hurricane Katrina, many
surge modelers unfamiliar with the field data believed that once a surge submerged tidal
wetlands, marshes had no predictable continuing effect on surge, and, therefore, could be

treated in the same way as any other portion of the non-vegetated seabed.
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Quantifying the effect of wetlands in diminishing storm surge has been elusive. It is
difficult to control for factors such as the presence of waterbodies or other geologic
features. Initial interpretation in 1963 by the U.S. Army Corps of Engineers (USACE),
after surveys of high-water marks following seven storms prior to 1960 (Figure 1-17),
indicated that storm surge traveling over wetlands is diminished by an average of 1 foot
for every 2.75 miles of wetland.* This estimate has had little, if any, scientific scrutiny
but was used as a “rule of thumb” for designing levees east of New Orleans.*® Other
studies have shown that wetlands and other vegetated areas reduce storm surge traveling

across them, but the amount of reduction seems to vary.”!

When it was apparent that Hurricane Rita might produce a surge along the Louisiana
coast near the Texas border a month after Katrina, scientists from the U.S. Geological
Survey (USGS) strapped more than 40 rugged, self-contained recording tide gages to
telephone poles and other durable structures over a large area of coastal marshes in

the chenier plain of southwestern Louisiana (Figure 1-4).>> This surge was forecast by
the Louisiana State University Hurricane Center using the same ADCIRC model that
produced such accurate predictions for the Katrina surge. When high-water-mark data
and the surge hydrographs produced by the USGS were later compared to the model
output, it was found that the model gave results at the coast that agreed well with the 15-
foot maximum that was observed. ADCIRC also did a good job of predicting a second
8-foot surge that was generated in Calcasieu Lake about four hours later (Figure 1-15).
However, ADCIRC predicted only a 10 to 15 percent reduction in the coastal surge as

it rolled across more than 20 miles of wetlands with scattered higher beach ridges or
“cheniers” farther to the east (Figure 1-16). There, the surge diminished at a rate of 1
foot for each 1.4 miles of marsh traversed (Figure 1-17). This rate of reduction was about
twice that predicted by the USACE for a composite of seven pre-1960 storms (Figure 1-
17).

The high-water mark and USGS gage data collected after Rita indicated that an important
process causing the surge to decay as it progressed inland over marshes was missing from
the ADCIRC model. There may have been other factors that contributed to the amount
of storm surge reduction in Cameron and Calcasieu parishes, and the phenomenon will
require further investigation to establish the parameters for accurate predictions, but it

appears that the effect of wetlands on storm surge can be significant.
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Figure 1-15. Transmission of Surge from Coast through Ship Channel and Lake to Lake Charles.
Surge at the coast during Hurricane Rita was followed eight hours later by a second surge
generated in Calcasieu Lake that inundated downtown Lake Charles (Graph by G.P. Kemp from
data in Benton McGee et al., Hurricane Rita Surge Data, U.S. Geological Data Series 220).
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Figure 1-16. Transmission of Surge from Coast across marsh. Surge from Hurricane Rita in the
marsh east of Calcasieu Lake diminished rapidly with distance from the coast and lagged the

coastal surge by many hours (Graph by G.P. Kemp from data in Benton McGee et al., Hurricane
Rita Surge Data, U.S. Geological Data Series 220).
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While the Rita surge at the coast adjacent to Calcasieu Lake and adjacent to Grand
Chenier 15 miles to the east were identical, a hurricane surge buffer of intact tidal
marshes 25 to 30 miles wide made a great difference in the way the surge behaved
(Figure 1-4). Some marshes are found outside the New Orleans hurricane protection
levees in the funnel area (Figure 1-10). Many levees that faced the Katrina surge and
failed were fronted by open water or, in some places, degraded marsh remnants instead of
the wide expanses of healthy tidal wetlands that existed 50 years earlier. What has been
termed the “wetland effect” is a more rapid drop-off in storm surge inland from the coast
than can be explained simply by interaction with the topography of the landscape. The
USGS gage data shows that the wetlands do more than simply reduce the maximum surge
elevation. They also delay the peak and slow the rate at which water level drops after

reaching its zenith (Figure 1-16).
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Figure 1-17. Maximum surge from Hurricane Rita in marsh (blue) and lake (yellow) -- Analysis of
FEMA high-water marks collected after Hurricane Rita in the Calcasieu Lake and Grand Chenier
marsh transects showing a 1-foot drop in surge for every 1.4 miles of marsh (black line), and a
comparison with the earlier USACE pre-1960 estimate of 1 foot for every 2.8 miles (purple line).
USGS gage maxima are also shown (Graph by G.P. Kemp from data in Benton McGee et al.
2006. Hurricane Rita Surge Data, U.S. Geological Data Series 220 and FEMA. 2006. Louisiana
Coastal & Riverine High Water Mark Collection).
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1.4 Coastal Wetland Loss and Restoration

Surge model developers are only now beginning to incorporate wetlands into post-

2005 models by experimentally introducing added “roughness” or “drag” into the
interaction between surge-induced flow and the wetland beneath.>® The Hurricane Rita
data developed by FEMA and the USGS are being used to include wetland effects in the
next generation of surge models. This has become very important to the development of
effective hurricane protection for the 2 million people who live in coastal Louisiana. It is

apparent that the catastrophic loss of coastal wetlands — some 1,900 square miles since

the 1930s°* — is increasing the risk of hurricane flooding due to surge (Figure 1-18).

TTT——

*Historical and Projected Land Loss in the Deltaic Plain

Figure 1-18. The southeast Louisiana Mississippi River deltaic plain, showing land either already
lost or projected to be lost by 2050, if more substantial remediation efforts now planned are

not successful. Land loss has been most severe in the central part of this system west of the
Mississippi River where inland levees are becoming part of the exposed Gulf shoreline (From
U.S. Geological Survey. 2005. Depicting Louisiana Land Loss, Fact Sheet 2005-3101).

30



A multi-billion dollar restoration program is now in progress to stop or reverse wetland
loss by reattaching the Mississippi River to coastal wetlands through controlled
diversions and extensive use of dredged material to rebuild wetlands and barrier islands.>
This work was initiated in the late 1980s to re-establish the ecological integrity of this
once-vast system of deltaic estuaries after nearly a century of damage brought about by
leveeing the Mississippi River and dredging more than 15,000 miles of canals to facilitate
oil and gas exploration and ship navigation.”® Since the hurricanes of 2005, however, a
new urgency has infused this effort and focused it on rebuilding high-priority wetlands

that can augment hurricane protection for developed areas.”’

Land loss rates have fluctuated over the years, and recent studies show the rates have
been reduced from 39 square miles per year between 1956 and 1978 to 24 square miles
per year from 1990 to 2000.%® But it is clear that much more aggressive and expensive
projects are still required to turn the tide. The Multiple Lines of Defense Strategy
(MLODS), discussed in Chapter 3, proposes to take advantage of lessons learned during
Hurricanes Katrina and Rita by moving levees inland and rebuilding marshes in front of
them.” One particularly interesting concept is to use river diversions to create freshwater
conditions in currently brackish marshes to allow replanting of swamp tree species like
cypress and tupelo. Thick swamp forests are particularly resistant to storm damage and

are more effective in reducing surge and waves than marsh.®

1.5 Continuing Challenges: Sea Level Rise and Land
Subsidence
Scientists expect sea level to rise 1 to 2 feet globally by the year 2100, though these
estimates could increase if grounded ice in Greenland and Antarctica melts more quickly
than expected.®’ But global sea level rise has historically contributed only about 10
percent of observed “relative” sea level rise in coastal Louisiana. The difference is a
consequence of the contribution of subsidence — the sinking of the land in a process
that varies throughout the coast plain. This is believed to result in part from geological
processes like the compaction of relatively young deltaic sediments near the surface and
from deeper movement along fault lines. Generally, these regional processes have greater
effect closer to the seaward margin, but human-induced activities like pumped drainage,
withdrawal of subsurface fluids during oil and gas production, and depressurization of

shallow gas fields have also greatly enhanced subsidence more locally.®
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It is clear that all of these factors, in addition to the reduction of river-borne sediment
delivery to the coast, have played a role in the catastrophic land loss documented for
coastal Louisiana. Most of the regional subsidence processes are beyond human control,
so adaptation has focused on re-establishing the connection between the Mississippi
River and the coastal wetlands that it once built. The river carries over 200 million tons
of sediment every year and could carry more if dams upstream were reconfigured, but
today most of this sediment either flows or is dumped by dredges into more than 1,000
feet of water in the Gulf of Mexico.® Diversions on the Mississippi will carry that

sediment to shallower water where it can rebuild coastal land and barrier islands.

Figure 1-19. Constance Beach, Cameron Parish, Louisiana, after Hurricane Rita. While the
house in the foreground was washed away by Rita’s storm surge, the structure behind escaped
destruction because it was properly elevated (Photo courtesy of D. Dartez, 2005).
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Chapter 2
Existing Regulatory Programs

Planning officials, developers and land owners should be aware that there are laws
and regulations that control certain aspects of how land is used and developed.
These conservation and environmental rules indirectly affect local or state planning
for hazard mitigation. There are also laws and regulations that provide incentives
to encourage hazards planning. However, none of these regulatory programs is

as effective as, or takes the place of, directed planning for hazard mitigation. The
following is a brief description of the major federal regulatory programs that can

affect land use and hazard planning.

2.1 The Coastal Zone Management Act

The Coastal Zone Management Act (CZMA) authorizes coastal and Great Lakes
states to establish their own coastal zone management programs, with the federal
government retaining oversight responsibility.! State participation in the CZMA is
voluntary, but significant incentives and a recognition of the need for coastal zone
management have induced almost all the coastal and Great Lakes states, including
Louisiana, to develop their own coastal management programs. The Louisiana State
and Local Coastal Resources Management Act (SLCRMA) of 1978, as amended,’ is
Louisiana’s approved CZMA program that sets criteria and establishes guidelines for
protecting, developing and restoring the natural resources of the delineated coastal
zone (Figure 2.1) while allowing for adequate economic development and growth.?
A coastal use permit? is required for certain activities in the coastal zone, including,
but not limited to, dredging or discharges of dredged or fill material; levee siting,
construction, operation and maintenance; hurricane and flood protection facilities;
urban developments; energy and mining activities; shoreline modification; and
recreational and industrial development.® Louisiana allows coastal zone parishes that
have developed approved local coastal management plans® to regulate “uses of local
concern”’ within their boundaries. These uses directly and significantly affect coastal

waters and are in need of coastal management, but are not uses of state concern.®

Reducing the risks from coastal hazards is a key component of the Louisiana Local
Coastal Resources Program (LCRP).” However, the LCRP has never addressed
storm risk exposure in the placement of single-family homes in the coastal zone
because the SLCRMA specifically exempts single-family homes from regulation.'

Although subdivisions must be responsive to the LCRP guidelines, developers often
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Figure 2-1. Map of the Louisiana Coastal Zone (courtesy of Louisiana Department of Natural
Resources).

subdivide property (which is not regulated by the LCRP) and sell individual lots. The lot
owners then apply for building permits for a single-family home thereby piecemealing
subdivisions and avoiding LCRP oversight concerning coastal hazards. In the aftermath
of the 2005 hurricanes, the Coastal Management Division of the Louisiana Department
of Natural Resources (LDNR) is supporting efforts to reduce coastal hazards through
educational programs.'' It is our opinion that educational efforts will have a limited
effect in reducing exposure to coastal hazards. To allow for a more aggressive coastal
management program, the Legislature must amend the SLCRMA to allow regulation or

oversight of single-family homes for hazard mitigation purposes.

2.2 The Coastal Barrier Resources Act
Barrier islands and beaches are dynamic, ever-changing features that erode and fill along
their unconsolidated length.'? Because of their low elevation and relief, these barrier

systems are subject to overtopping by storm surge and wind-driven high tides on a regular
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basis. As such, they are hazardous places, but this does not keep people from wanting

to live and rebuild on them after storms."* Until recently, federal and state programs
encouraged development of barrier islands and beaches.!* Consequently, people died and
property was flooded or demolished when hazards struck, and valuable renewable habitat
was destroyed by development.'> With increasing development on barrier islands and
beaches and with growing pressure to confront the problem, Congress passed the Coastal
Barrier Resources Act (CBRA) in 1982 to restrict federal subsidies that promote growth
where none existed at the time. However, CBRA does not affect subsidies to identified
existing communities.'® Under the CBRA, the federal government no longer provides
assistance on certain barrier islands for the construction of sewer and water supply
systems, airports, highways, bridges, jetties, seawalls and piers. CBRA also restricts the
availability of flood insurance, U.S. Army Corps of Engineers structural development
projects and federal loans from agencies such as the Veterans Administration or the
Federal Housing Administration.'” The law does not prohibit private financial transactions
or the construction of facilities and structures using private, state or local funds.'® Parts
of Louisiana’s coastal barrier formations are exempt from the restrictions of the CBRA
because they were inhabited before the law was enacted. For example, Grand Isle and
parts of the Cameron Parish shore are not included in the designated Coastal Barrier
System.!” Other private areas of Louisiana shorelines that would qualify as a coastal

barrier are likely subject to CBRA’s restrictions on federal financial assistance.

2.3 Section 404 of the Clean Water Act

In 1972, Congress revised the nation’s water quality program by including the protection
of wetlands adjacent to navigable waters through Section 404 of the Clean Water Act
(CWA).* The Corps of Engineers was authorized to implement a separate permit program
for the placement of dredge and fill material in waters of the United States. Recently the
definition of the “waters of the United States,” and thus the extent of CWA Section 404°s
jurisdiction, has been challenged and is in a state of flux.?! However, the federal agencies
that administer the law still use the definition “waters of the United States” to include

most waters, especially those in coastal areas.?

Although the Corps administers the Section 404 permit program, the Environmental
Protection Agency (EPA) has authority through Section 404(c) to veto a Corps permit
if the proposed action has unacceptable adverse impacts on municipal water supplies;
shellfish beds; or fishery, wildlife or recreation areas.”* Decisions on whether to accept
or deny a permit are based on the Section 404(b)(1) guidelines.? When properly

administered, this permit process helps mitigate the impact of natural hazards on
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development in coastal Louisiana.?® The Section 404 permit program helps reduce the
loss of wetlands that buffer communities from storm surge. Limiting the destruction and
use of wetlands directs development away from the more exposed and dangerous parts of
the coast. This can limit suburban expansion onto wetlands that will ultimately subside

when they are drained.?

2.4 The National Pollutant Discharge Elimination System

The other facet of the Clean Water Act*’ that can affect hazard mitigation is Section 402,
which establishes the National Pollutant Discharge Elimination System (NPDES)* to
regulate polluting discharges from point sources (discrete conveyances such as pipes) into
the waters of the United States.” The EPA is the regulatory agency responsible for setting

effluent limits that ensure the quality of the nation’s surface water.*

The NPDES includes provisions for permitting operators of municipal separate storm
sewer systems to discharge pollutants.’! Municipal separate storm sewer systems (MS4)
carry storm water and pollution to rivers and streams without treatment.** Louisiana has
been delegated authority to administer the storm water phase of the NPDES.* The state
has a storm water management program to reduce the quantity of pollutants reaching the
nation’s waterways during storms to the “maximum extent practicable.”** The program
includes the development, implementation and enforcement of erosion and sediment
control programs for construction activities that are one acre or larger, as well as
programs for post-construction runoff control from new or redeveloped areas.*> The MS4
program also seeks to eliminate the illegal discharges and improper disposal of waste,
such as the filling of fish and wildlife habitat.*

Sediment from construction sites is a common pollutant that can impair the capacity of

a watercourse to transfer storm water, thus increasing floods.*” Similarly, pollutants may
interfere with fish and wildlife habitat and wetlands — environments that serve as natural
storm water detention or retention areas and thereby buffer storm surge.*® If the capacity
of these areas is decreased, then flood elevations will peak sooner and at higher levels,
inundating parts of the floodplain and shore that would not normally be affected during

an event.”

2.5 The National Flood Insurance Program
In 1968, Congress enacted the National Flood Insurance Program (NFIP) in response to
the cycle of building, destruction, disaster relief and rebuilding that was being repeated

as populations encroached onto riverine and coastal floodplains.*’ At first, participation
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in the NFIP was voluntary.*' Even though this subsidized insurance was available,
communities did not join the program and people would not purchase insurance.*

In 1973, community participation became mandatory to receive any form of federal
financial assistance for acquisition or construction purposes in a Special Flood Hazard
Area (SFHA).* “Financial assistance” means loans guaranteed, insured or secured by

the Department of Veterans Aftairs, the Federal Housing Administration or the Rural
Housing Service and federal disaster assistance for the permanent repair or reconstruction
of buildings damaged or destroyed by flooding in a SFHA.* So while participation in

the NFIP is technically voluntary, there will be few instances where communities or
individuals can afford to forego these financial services and benefits. Additionally, even
in purely private transactions, lending institutions will require that mortgaged properties
in flood hazard areas be insured against flooding, and such insurance is only available at
an affordable cost through the NFIP.* The federal government supplies flood insurance
rate maps that identify the elevation of areas susceptible to inundation from the 100-year
flood.* More than 20,000 communities now participate in the NFIP and have permit
programs that ensure that proposed developments comply with minimal standards, such
as the use of construction materials that are resistant to flood damage.*’ Residential
structures must be raised above the 1 percent level of flooding.*® Commercial structures
can be floodproofed to, or elevated above, the 1 percent level of flooding.*” Building
designs must be resistant to water damage, flotation, collapse or lateral movement.* In
addition, water supplies must be protected from contamination, while sanitary systems
must not have a release that may pose a health risk.’! In other words, although the NFIP is
not a land use directive, it is intended to encourage the wise use of floodplains at the local
level in order to reduce losses.’? The NFIP is implemented by communities, counties and
parishes through floodplain regulations. These regulations create a special or “overlay”

zone in which structures must be built to withstand flood or wave action.>
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Table 2-1. Premiums and building requirements are determined according to flood zones under
the National Flood Insurance Program. This table delineates the different types of zones found
in the NFIP’s Flood Insurance Rate Maps (From FEMA. 2005. Home Builder’s Guide to Coastal
Construction, Fact Sheet No. 26, FEMA 499-CD).

The Flood Disaster Mitigation Act of 2000 (DMA 2000) amended the NFIP.>* In response
to DMA 2000, Louisiana has prepared a statewide Hazard Mitigation Plan.*® The plan

is organized to parallel the structure provided in the Interim Final Rules (IFR), which

set forth the guidance and regulations under which DMA 2000-compliant state hazard
mitigation plans are to be developed.® The IFR provides detailed descriptions of the
planning process that states and localities are required to observe, as well as descriptions
of the contents of the resulting plan.”” The state must propose goals “to guide the
selection of activities to mitigate and reduce potential losses.”® Also, the state is required
to identify, evaluate and prioritize cost-effective, environmentally sound and technically
feasible “mitigation actions and activities the state is considering and an explanation of

how each activity contributes to the overall mitigation strategy.”>

According to the Louisiana Office of Homeland Security and Emergency Management,
the state hazard mitigation plan supports local hazard mitigation planning by improving
outreach and education, collecting data, improving interagency coordination and
facilitating cooperation on construction projects.®® Although the plan will provide
information and technical assistance regarding best practices for mitigation, it does not

include land use decisions or requirements.®!
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As a result of DMA 2000, the Federal Emergency Management Agency (FEMA) was
able to provide state and local governments with grants to develop plans and implement
long-term hazard mitigation measures after a presidentially declared disaster.®® This
financial assistance is used for safer building practices that permanently reduce or
eliminate future damage to property and loss of life from natural hazards and improve
existing structures and supporting infrastructure.®® Examples of projects that may be

eligible include, but are not limited to:

* Acquisition of real property from willing sellers and the demolition or relocation
of buildings to convert the property to open space use;

* Retrofitting structures and facilities to minimize damage from high winds,
earthquakes, floods, wildfires or other natural hazards;

* Elevation of flood-prone structures;

* Development and initial implementation of vegetative management programs;

» Minor flood control projects that do not duplicate the flood prevention activities
of other federal agencies;

* Localized flood control projects that are designed specifically to protect
critical facilities;

* Post-disaster building codes related to activities that support building code
officials during the reconstruction process.*

Although the NFIP has been successful in many ways, it is designed to address a 100-
year flood, that is, the 1 percent annual chance flood event.® The risks are calculated
using the best available historical data and current technology to predict the likelihood
of flooding and its severity in a given area.®® The Flood Insurance Rate Maps (FIRMs)
are only statistical representations of potential flood events and must be updated as
additional data become available and the models are refined.®” Unfortunately, the public
too often believes that the floodplain boundaries shown on the FIRMs accurately predict
the ultimate extent and depth of flooding.®® The 2005 hurricanes demonstrated the danger
of over-reliance on the FIRMs for guiding development. Storm surges from Hurricanes
Rita and Katrina swept across the coast at depths never considered possible and extended

inland to areas once thought to be high and safe — according to NFIP criteria. ¢

Most communities participating in the NFIP do no more than the minimum required for
compliance with the federal program, and there are always problems with enforcement.
In the wake of the new data provided by studies of Hurricanes Katrina and Rita, FEMA
has revised the elevation requirements in the Advisory Base Flood Elevations (ABFE)
that will form the basis for the new FIRMs.”” However, even structures that are built to

the ABFE standards and ultimately the new FIRM elevations will quite often be below
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the storm surge elevations reached by the 2005 hurricanes.” Also, the FEMA flooding
models do not take into account a dynamic global climate that could drastically change
the conditions in flood-prone areas and produce significantly higher risk.”? Thus, it should
be considered that while building to the ABFE is good, building to the storm surge of
record is safer, although likely more expensive. Indeed FEMA recommends that instead
of building just to the Base Flood Elevation (see Figures 2-2 and 2-3 for examples of
NFIP elevation requirements), to be safer, homeowners should build above the BFE or

provide what is called freeboard (extra space above the BFE).
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Figure 2-2. NFIP requires that structures located in V Zones be elevated above the BFE and built
on an open foundation. Ideally, elevation should include freeboard (From FEMA. 2000. Coastal
Construction Manual, FEMA 55).
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Figure 2-3. NFIP requires that structures located in A Zones be elevated at or above BFE. As in
V Zones, elevation should include freeboard to decrease risk of damage (From FEMA. 2000.

Coastal Construction Manual, FEMA 55).
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Chapter 3

The Role of Coastal Restoration and Protection

3.1 Louisiana’s Comprehensive Master Plan

Long before Katrina and Rita, there was serious debate on how to restore Louisiana’s
coastal wetlands to some sustainable level, recognizing that full restoration could
not be accomplished. The debates revolved mostly around technical feasibility and
economic justification.! The arguments for coastal restoration included the assertion
that healthy, extensive wetlands buffered inhabited areas from hurricane impacts.?
Those assertions were looked upon somewhat skeptically by some, and, for the most
part, coastal restoration and flood protection efforts proceeded on parallel tracks
with little coordination.> The hurricanes of 2005 changed the way many Louisianans
thought about these issues and brought about a fundamental change in the state’s

approach to coastal restoration and the protection of humans living in coastal areas.

Act 8 of the 2005 First Extraordinary Session of the Louisiana Legislature established
the Coastal Protection and Restoration Authority (CPRA), which was given the
responsibility of coordinating the efforts of local, state and federal agencies to
accomplish coastal restoration and flood control.* As a vehicle for coordination,
CPRA developed the “Integrated Ecosystem Restoration and Hurricane Protection:
Louisiana’s Comprehensive Master Plan for a Sustainable Coast” (Master Plan).’

The Master Plan contains recommendations for comprehensive hurricane protection
and coastal restoration measures based on the best available information. One of the
goals of the Master Plan is to “Integrate flood control projects and coastal restoration
initiatives to help both human and natural communities thrive over the long term.”¢
An inherent concept in this goal is that flood protection measures do not appreciably
diminish the opportunities or ability to restore coastal wetlands that, in themselves,
have considerable flood protection value. It is an inescapable fact that structural flood
protection, such as levees, is not always compatible with restoring or maintaining
healthy wetland ecosystems. It is also evident from past experiences that structural
flood control measures have a spotty record and have at times failed abysmally. There
are several good reasons why coastal residents should not depend heavily on levees
and other structural measures to protect them from flooding. These include technical

and funding issues.
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3.2 Wetlands Restoration and Levees

Flooding has always been a part of life in south Louisiana and throughout the Gulf Coast,
whether caused by rivers, by intense local rainfall events or by a combination of storm
surge and rainfall associated with hurricanes. After the great Mississippi River flood of
1927, the federal government was given a new mission to protect the Lower Mississippi
Valley, including Louisiana, from a recurrence of that event.” The U.S. Army Corps of
Engineers (USACE) designed and constructed a vast system of levees and spillways as
part of the Mississippi River and Tributaries Project (MR&T), one of the largest and most
forward-looking protection systems ever authorized anywhere.® The Corps was given
continuing authority to maintain protection against a Mississippi flooding event estimated
to occur only once in a thousand years. This commitment has been funded from the

beginning without requiring a state or local cost-share.

3.3 History of Hurricane Flood Protection on the Gulf Coast

The MR&T has successfully prevented damage due to flooding along the Lower
Mississippi in several significant tests since the 1930s. Flood damage has continued to
occur periodically along the Upper Mississippi and Missouri River — areas that have
not received the same level of federal commitment.” Within Louisiana and the Gulf
Coast, the greatest loss of life and property damage since 1927 has been associated with
flooding caused by hurricanes and tropical storms, typically aggravated by the movement
of people into vulnerable areas protected by inadequate flood control systems. Like the
1927 Mississippi River flood, these disasters also engendered a federal commitment to
improving protection against hurricane flooding, as did Hurricane Betsy when it flooded
much of eastern New Orleans 40 years later. But while some of the Congressional
language authorizing these projects echoed that of the MR&T mandate, which called
for protection “against the worst combination of meteorological conditions reasonably
expected,” the performance of coastal hurricane protection systems constructed
throughout the United States has proven to be disappointing.!'

Coastal protection systems developed in the United States have been dogged by dramatic
failures, with the flooding of New Orleans following Hurricane Katrina in 2005 just the
most recent and most costly example. First, these protection systems differed from the
MR&T in that they all required a significant cost-share from the local community being
protected (30 percent or more). Consequently, work tended to proceed in fits and starts
as funds were made available, and urgency was sacrificed for other more attractive local

or federal economic development priorities."" Second, they tended not to be conceived
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or funded as integrated systems of protection, but as a series of separate projects, each

moving — or not — at its own pace, and not necessarily attached well at the seams.!?

The economy of coastal Louisiana is tightly linked to port activities, whether related to
ocean-going trade, local support for oil and gas development or fishing."* This is why
more than 50 percent of Louisiana’s population lives in the coastal zone, where the

risk of flooding by hurricanes has now eclipsed the danger once posed by flooding of

the Mississippi River.'* Ports in Louisiana, as elsewhere in the world, must exist at the
coastal margin, and like many others around the world, have tried to provide dry land for
development by expanding levees and drainage systems into the surrounding wetlands.
Many of these areas have responded to years of pumped drainage by subsiding below sea
level, which became apparent to the rest of the world as New Orleans flooded when the

hurricane protection system failed in 2005."

The 2007 consensus Intergovernmental Panel on Climate Change (IPCC) report
ominously concluded that there is a greater than 66 percent chance that the current
century will experience an increased number of severe hurricanes.'® This means that all
calculations of probable return frequencies, including the 100-year surge estimates now
guiding hurricane system construction around New Orleans, will likely change in the

future. Thus an event now considered a 200-year surge may become a 100-year event.

Another factor that south Louisiana has found particularly difficult to address is the
hurricane surge consequences of navigation canals dredged during the past 60 years.
Navigation interests want to reach inland ports with vessels that are as big and fast as
possible. Drainage districts want large canals that will convey rainwater away from
communities as quickly as possible. Although some canals are necessary, many make
coastal Louisiana unacceptably vulnerable to storm surge. Floodgates currently under
construction on metro New Orleans drainage canals are a good start, as is the closure

of the Mississippi River Gulf Outlet (MRGO) because the waterway contributed to the
flooding of the city. It is likely that many more channels will require floodgates or locks

to correct defects that limit the effectiveness of hurricane defenses.

Clearly, the flood protection system that existed in New Orleans and the surrounding area
before Hurricane Katrina was woefully inadequate.'” Levees and floodwalls were under-
designed and under-funded. The configuration of canals without floodgates channeled

storm surge into the city.
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The Louisiana Coastal Protection and Restoration Authority (CPRA) is required

to integrate hurricane protection levee building with efforts to rebuild and sustain
disappearing coastal wetlands in the Master Plan. The two parts of the mission are not
inherently compatible, as poorly placed levees have the potential to isolate tidal wetlands
from the rest of an estuary. Coastal wetlands depend upon tidal exchange and flushing
to bring in suspended sediments, nutrients and oxygenated water.'® Similarly, the health
of the estuary depends upon organic matter export from the marshes and upon access

for larval fish and many other organisms.'” But the openings that the wetlands need are
potential avenues for surge intrusion during hurricanes and must be fitted with expensive,
controllable structures. And landowners will always seek to include undeveloped areas,
often wetlands in coastal Louisiana, inside flood control levees to allow for future

development and the resulting appreciation in value.

On the other hand, the coast is already intensely dissected by 15,000 miles of canals and
spoil banks.?” These canals and banks create an intricate pattern of destruction that has
profoundly altered estuarine hydrology throughout much of coastal Louisiana.”! These
channels allow higher-salinity waters to reach farther inland into formerly freshwater
wetlands and swamps, causing them to convert to open water, or, if they are high enough,
to transition to more salt-tolerant marshes.”? In the past, landowners have tried to
preserve and restore the freshwater marshes by building more levees and barriers to keep
salt water out and reduce marine influences.”® But this strategy has never been successful

in the long term, particularly on a coast that regularly experiences storm surges.”*

Diverting river water into the marsh is a restoration strategy that offers more hope

of undoing some of the damage, but it requires concerted government action at great
expense and cannot be accomplished by individual landowners.® While all agree that
these diversions are necessary in the long term to provide a sustainable wetland buffer
against hurricane surge, the expenditures needed in the short term to protect long-
established communities with 100-year levee protection are already beyond anything
anticipated before the 2005 hurricanes.”® CPRA is faced with an almost impossible
political task of balancing between short- and long-term needs, and what is often seen as
a choice between people and nature. This is a preview of what will be increasingly faced

on other coasts as sea level rises.”’
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3.4 Future of Hurricane Flood Protection in the Wake of Katrina
and Rita
The hurricane season of 2005 demonstrated the catastrophic impact that tropical cyclones
can have. Hurricane Katrina claimed about 1,500 lives and caused $81 billion in
damage. Hurricane Rita, despite few deaths, resulted in $11.3 billion in damage. Both
storms caused extreme disruptions to normal life on the Gulf Coast that will continue
for at least a decade. The level of federal and private spending for humanitarian relief
was unprecedented following these disasters, yet the flood protection goal for New
Orleans three years after the storm remains relatively modest.?® The goal is to provide
protection for the city against the 100-year storm surge — an event that has a 30 percent
chance of occurring during the term of a typical 30-year mortgage. This is essentially
the minimal level of protection required to restart a sustainable local economy in
coastal U.S. areas protected by levees and floodwalls, and is less than what East Bank
New Orleans residents were told existed prior to Katrina.”? Residents and business
owners with certified 100-year protection from surge and rainfall flooding are eligible
to buy subsidized federal flood insurance, but they remain vulnerable to flooding by the

inevitable larger storm.

The cost to provide 100-year surge protection to the Greater New Orleans area is
currently estimated at $14 billion and is not expected to be fully in place until 2011.%
If history is any guide, that date will recede into the future as rapidly as memories of
Katrina dim. One reason that it appears unlikely that the current federal commitment
to New Orleans will be extended to other vulnerable Gulf Coast communities is that
the fundamental pre-Katrina approach to hurricane flood protection has not changed.
The federal government is willing to assist in providing protection up to the 100-

year level only if states and local governments agree to pay for a substantial portion
of the construction costs (now set at 35 percent) and virtually all of the long-term
maintenance.’! Currently, recovering communities are expected to ante up the full
amount of the local cost-share at the time of construction, rather than allowing that
amount to be amortized over time.*> As was discussed, this partnership model has not
worked well in the past, leaving behind poorly engineered projects that cost far more than

anticipated, fell decades behind schedule and failed when tested by a severe storm.

Federal flood protection plans like the MR&T, or those adopted more recently by several
western European governments, are designed to counter threats likely to recur no more
than once in a millennium. Such levels of protection currently seem unlikely in the

United States for anything other than a few key military, industrial or hospital complexes
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(e.g.. Texas Medical Center in Houston) on the Gulf Coast. Now that this realization has
set in, residents and planners throughout the area are increasingly interested in taking
action to improve community survivability and resilience beyond simply funding the
USACE to build a new generation of higher, but possibly equally unreliable, levees and

floodwalls.

Fortunately, there are practical flood damage reduction measures that can be used to
supplement the raising of levees. Measures range from restoring coastal wetlands

and barrier islands to elevating homes, businesses and other critical structures, as will

be discussed in more detail later. Collectively, this integration of “hard” structural
measures, e.g. levees, and “soft” nonstructural and ecological measures has been called
the “Multiple Lines of Defense Strategy” (MLODS) and was originally developed by the
Lake Pontchartrain Basin Foundation, a New Orleans environmental organization (Figure
3-1).* The MLODS approach has been endorsed in concept by the State of Louisiana

in the Master Plan adopted in 2007 and by the USACE in reports submitted for the
Louisiana Coastal Protection and Restoration Project (LACPR).**
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Figure 3-1. The Multiple Lines of Defense Strategy consists of natural and manmade features
that contribute to the abatement of storm damage by reducing storm surge in south Louisiana.
One through five are natural landscape Lines of Defense. Six through 11 are manmade Lines
of Defense, which may, through design or incidentally, provide a measure of reduction in storm
damage. All 11 Lines of Defense may be influenced by human activities. Note that elevated
homes are recommended both outside and inside levees (From J.A. Lopez. 2006. The Multiple
Lines of Defense Strategy to Sustain Coastal Louisiana. Lake Pontchartrain Basin Foundation,
available at http://www.saveourlake.org).
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Figure 3-2. Example distribution of lines of defense in southeast Louisiana: (1) Gulf of Mexico
shelf, (2) barrier islands, (3) sounds, (4) marsh land bridges, (5) natural ridges, (6) highway
foundations, (7) flood gates, (8) levees, (9) pumping stations, (10) elevated homes and buildings
within levees and outside levees and (11) evacuation routes (From J.A. Lopez. 2006. The
Multiple Lines of Defense Strategy to Sustain Coastal Louisiana. Lake Pontchartrain Basin
Foundation, available at http://www.saveourlake.org).

The hazard problems in Louisiana’s coastal zone are too large and too complex to be
solved by any single strategy other than complete retreat, an unrealistic option given
social and political realities. The MLODS is one tool that may be effective in reducing

the susceptibility of human habitation to flooding, but the most effective measures will be
those that result in development taking place away from risk-prone areas. The concepts of
zoning and land use planning are discussed in Chapters 5 and 6 and are the primary focus
of this guidebook. MLODS can be an integral part of both coastal restoration and flood
protection, but effective hazard mitigation will not be achieved without zoning and land

use planning.

All of these issues must be considered in future planning for coastal communities and
commercial facilities. Successful strategies will harness processes, like the land-building
capacity of rivers, that are now virtually unused. Resilient communities will also prepare

for extreme events by taking steps to reduce the number of homes and buildings in harm’s
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way and by creating facilities designed to withstand some flooding. In the past, it was
expected that perimeter levees and floodwalls would prevent flooding, but future defenses
must be augmented by measures that improve survivability when levees are overtopped.
Adoption of internal measures to prepare for and manage the inevitable failures are

also critical. Internal measures include elevation of structures, compartmentalization to
confine flood damage, creation of internal storage areas to absorb water introduced by
overtopping, and flexible pumped drainage systems that can both continue operating and

adapt to meet short-term needs during emergencies.

3.5 Nonstructural Measures

A major component of floodplain management focuses on the human adjustment to
floods. Flood damages may be reduced through structural measures and nonstructural
measures. Whereas structural measures incorporate an engineering approach,
nonstructural measures are founded upon a people approach. Within the nonstructural
approach, “corrective measures” are those that address existing problems and “preventive
measures” are those that seek to avoid creating new problems. Preventive/corrective
measures either (1) address the susceptibility of people to flooding or (2) modify the

impacts of flooding on the individual and the community.

Nonstructural measures restrict placement of individuals or development in flood
hazard areas or make such activities more resistant to damage. Along these same
lines, nonstructural measures can reduce the financial and social impacts of flooding
through programs that involve little or no construction and have a low capital cost.*
Nonstructural measures are traditionally grouped into two categories:*® (1) those that
modify susceptibility to flooding and include floodplain regulations, development and
redevelopment, warning and preparedness and floodproofing and (2) those that modify

the impact of flooding and include flood insurance and relief and recovery

List of Nonstructural Measures:*’
1. Floodplain Regulations (See discussion of planning and zoning in Chapters 4
and 5).
2. Development and Redevelopment Policies (See discussion of planning and
zoning in Chapters 4 and 5).
3. Warning and Preparedness
a. Forecast and warning models help the National Weather Service, River
Forecast Centers, local governments and private companies estimate the
projected severity and schedule of a flood. Flood warnings and
preparedness give communities and individuals time to take action in
anticipation of rising waters.
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b. Flood warnings give potential victims a chance to reduce or prevent flood
damages to their property by (1) removing or elevating a home’s contents
or commercial inventories or (2) protecting valuables by sand bagging,
installing temporary walls, closing openings or patrolling levees.

c. Information gets to the general public from local sources, such as TV
weather segments during the regularly scheduled news time, interrupted
broadcasts and newspapers.

4. Floodproofing (See discussion of design considerations for flood hazard areas

in Chapter 6.)

5. Flood Insurance (See discussion of National Flood Insurance Program in

Chapter 5.)

6. Relief and Recovery

a. Relief and recovery measures include cleanup, resumption of services and

application of federal and state disaster aid.

b. In addition, tax adjustments may allow credits or deductions for the costs
of repairs and rehabilitation. Creative governments can use tax
adjustments to influence how one rebuilds or uses flood-prone areas.
Furthermore, the federal government provides loans and grants through
several programs.

¢. Communities with a recovery and mitigation plan are more effective in
implementing post-flood recovery in the shortest possible time. Important
elements in this plan are provisions to mitigate structures at risk and
eliminate unwise redevelopment on flood-prone lands, thereby minimizing
future flood losses.

d. Organized response and recovery initiatives minimize interruption of
businesses and disruption of utilities and transportation networks. During
and after a flood, many federal and state programs and nonprofit
organizations, e.g. Red Cross, can assist with debris removal, sheltering
and feeding victims, and rehabilitation of public services.

While nonstructural measures may be beneficial, there are some general concerns about
using these types of measures.*® For one, elevation and floodproofing projects still leave
buildings surrounded by water during a flood. Frequently, occupants attempt to ride out
the flood or move to or from their properties during high water, which in turn requires
significant police and fire protection costs. The building also may be isolated and without
utilities and thus temporarily unusable. Owner-designed measures (if allowed), such as
dry floodproofing, may not adequately account for all forces that floodwaters place on

a building and could result in severe structural damage to the building. Lastly, streets,
utilities and other infrastructure that serve an elevated or floodproofed building remain

exposed to both flood damage and public costs for those damages.
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For additional information, please see the Emergency Management Institute’s Coastal

Hazards Management Web site, http://www.training.fema.gov/EMIWeb/edu/chm.asp, and
the FEMA Floodplain Management Course, http://www.training.fema.gov/EMIWeb/edu/

fmgl.asp.
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Chapter 4

Hazard Mitigation Planning and Government Implementation

A significant reduction in risk to lives and property can be expected with proper
natural hazards planning. This means that impacts from natural forces are anticipated,
mapped and understood before development takes place in order to minimize
potential damage. Any effort to reduce damage, whether structural or nonstructural,

is referred to as mitigation.

Planning has a general meaning, which applies to any process to anticipate potential
damage and reduce risk, and a formal meaning, which refers to the comprehensive
planning process, which is often a parish’s first step in the development procedure.
Both are important and distinct. Comprehensive planning often requires drafting
formal plans that are reviewed and adopted by parish councils, police juries and the
public. Suitable planning topics include siting and land use issues, proper zoning

for hazard risk areas and other large-scale issues. However, there may be many
small-scale decisions outside the normal purview of comprehensive plans that should
be considered. This may include anything from landscaping of individual lots to

subdivision drainage design.

Since each parish is different, implementation of hazard mitigation strategies should
be flexible and adaptive to the characteristics of each community. What works in St.

Tammany Parish, for example, may not be applicable to Cameron Parish.

4.1 No Adverse Impact in the Coastal Zone

“No Adverse Impact” (NAI) is a philosophy proposed by the Association of State
Floodplain Managers. It is essentially a ““do no harm” policy based on the concept
that everyone benefits when the actions of every community and property owner do
not adversely affect others.! The approach is simple: Think ahead, recognizing that
it is usually better and cheaper to avoid problems than to have to correct or remediate
them. By employing NAI, the impact on property rights is minimized because

landowners can use what belongs to them as long as they do not injure others.

NAI means reaching beyond the minimum measures expressed in federal regulations
and guidelines. As a consequence, communities gain greater resilience, thereby

recovering more quickly from disasters and achieving long-term sustainability.
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The benefits to the community from adopting No Adverse Impact include:?

* Saving money because of less damage, cleanup costs and strain on public

resources,

* Decreased litigation concerning property rights issues;

* Reduced conflicts with property owners;

* Reduced damage to public and private property and reduced loss of life
through better planning and design;

* Lower flood insurance rates through the Community Rating System;

* Quicker recovery after an event;

* Clarification of a community’s land use objectives through articulated goals
that give consistency and predictability to government decisions;

* Preserve the quality of life and have a safer community; and

* NAI works on diverse landscapes.

Seven NAI implementation strategies are summarized in Table 4.1°:

Implementation Comment
Strategies
1. Hazard Flood Insurance Rate Maps show the zones subject to flooding and high-velocity wave
Identification action. Also important are maps that show coastal erosion, subsidence rates and impacts
and Mapping of sea level rise. Through hazard mapping, dangerous areas to avoid can be identified and
plans prepared.
2. Planning Hazards should be planned for in the community planning process and during creation

or amendment of the comprehensive general plan. There may be other additional
opportunities to plan for natural hazards in the development process.

3. Regulations
and Development
Standards

Hazard mitigation measures are implemented through regulations, development standards
and other measures.

4. Mitigation

Mitigation refers to any step taken to reduce, eliminate or avoid damage from a natural
hazard. All measures for mitigation should be identified, including those relating to how to
build (construction) and those for where to build (siting).

5. Infrastructure

How infrastructure is placed plays an important part in the risk a homeowner or a
community faces from natural hazards. For example, roads, sewer, water and other
infrastructure can lead a development toward a hazard area or away from the area.
Through hazard mapping, planning and developing mitigation measures (Steps 1 through
4), overall danger to the public can be reduced.

6. Outreach, Public
Awareness and
Education

Educating the public is a key strategy in implementing No Adverse Impact. If the
community is aware of all potential risks, as well as the options for mitigating future risks
and damage, then informed decisions can be made, leading to safer development.

7. Emergency
Services

Emergency services go beyond the scope of this book, so they are not discussed here. They
are federal, state and local government responsibilities.

Table 4-1 — Seven Strategies to Implement No Adverse Impact
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4.1.1 Hazard Identification and Mapping
Information, particularly in the form of maps, is critical for effectively reducing or
eliminating flood damage in the watershed as well as the coastal zone. Natural hazard
data on geologic faults, floods, floodplains and the location of erosion and subsidence
zones generally are available from the U.S. Geological Survey, the U.S. National
Weather Service, the Federal Emergency Management Agency, the Natural Resources
Conservation Service, the U.S. Army Corps of Engineers, the Environmental Protection
Agency, the Louisiana Geological Survey and parish or local departments of public works

or streets/highways.

The Flood Insurance Rate Map (FIRM) is the basic tool available for reducing flood
damages. The flood zones (A, B, C, shaded X, unshaded X, plus the floodway)
delineated on the FIRMs distinguish the areas of flooding, expressed as a probability. For
example, the A Zone is the area that has a 1 percent chance of flooding in any given year,
a.k.a., the Special Flood Hazard Area (SFHA). The information extracted from the FIRM
guides construction of the first habitable floor to the Base Flood Elevation (BFE) and
away from the floodway. In addition, critical facilities such as police and fire stations,
hospitals, sewerage and water plants and evacuation centers should be relocated outside

the A Zone and away from high-water marks when these marks exceed the BFE.
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Figure 4-1. The floodplain along an open coast showing different types of zones designated

in FEMA Flood Insurance Rate Maps. See Chapter 2.5 for a discussion of the National Flood
Insurance Program and Table 2-1 for definitions of zone types (From FEMA. 2007. Design Guide
for Improving Critical Facility Safety from Flooding and High Winds: Providing Protection to
People and Buildings, FEMA 543).
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To have better information for decision making, the community can contract for the
development of updated topographic maps and new flood maps that show the range

of natural hazards (faults, subsidence, poor soils) that affect a watershed. While the
topography is being prepared, the contractor can determine zones of erosion and rates of
erosion and subsidence. A significant amount of information is available in the Coastal
Management Division permit files for the southern extent of some coastal watersheds.
Additional studies may be obtained from the U.S. Geological Survey, the U.S. Army
Corps of Engineers and others.* Environmentally sensitive areas, such as submerged
aquatic vegetation, critical habitat for endangered species and wetlands, should be

mapped and used as part of the evaluation process.

4.1.2 Planning
Planning is a methodology parishes and municipalities use to define preferred
development in specified parts of a community. Planners can direct vulnerable activities
away from hazardous areas such as the 100-year floodplain. Planning for natural hazards
can occur formally during the comprehensive general planning stage of development
or informally during subsequent stages of development when many smaller, more
detailed decisions are made that can affect a project’s susceptibility to hazards. Both are

important and recommended.

The comprehensive plan is the most common expression of community likes and dislikes.
Elements of the comprehensive plan are implemented through regulatory authority and
appear in zoning, subdivision, building standards and development decisions (Chapters

5 and 6). However, there are also many small-scale decisions made during zoning,
subdivision and building that require planning for natural hazards but are not normally

found in the comprehensive plan.

Communities should also consider working in cooperation with their neighbors.

Several approaches are possible through existing programs. Special Area Management
Plans (SAMPs) exist as part of the Coastal Zone Management Act “to encourage the
preparation of special area management plans which provide for increased specificity in
protecting significant natural resources, reasonable coastal-dependent economic growth,
improved protection of life and property in hazardous areas, including those areas likely
to be affected by land subsidence, sea level rise, or fluctuating water levels of the Great

Lakes, and improved predictability in governmental decision making.”
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Multi-objective management addresses planning in the context of the entire community
and the numerous programs that can be applied to solving problems. For example,
flood damages may be reduced by building nonpoint-source pollution swales and ponds
to detain extra runoff or implementing agricultural and forestry practices that keep the
water on the land, reduce erosion and trap sediment before it fills wetlands and channels.
Additionally, recreational fields and other open spaces can be designed to hold excessive
runoft for an extended period and still retain the value for which they were originally

intended.

4.1.3 Regulations and Development Standards
The most basic vehicle for reducing damages in the coastal zone, in fact anywhere
in Louisiana, is the minimum floodplain management requirements for communities
participating in the National Flood Insurance Program. NFIP requirements can be
integrated into zoning laws, subdivision regulations, building codes and other ordinances.
Some communities choose to be more stringent and actively discourage habitation in V
Zones. “The V Zone (also known as the velocity zone or the coastal high-hazard area) is
more hazardous because structures located there are exposed to the most severe flood and
wind forces, including wave action, high-velocity flow and erosion.” Other regulations
and development standards can be found in the building codes, various parish ordinances,

or in federal statutes such as the Coastal Barrier Resources Act.

4.1.4 Mitigation
Mitigation is a simple approach to confronting a problem and developing a solution. It
means taking action to eliminate damage from a natural hazard or taking action to reduce

damages to an acceptable level.

Mitigation measures may be either structural or nonstructural. Structural measures keep
hazards away from people and their property and may include dams, levees, floodwalls,
retaining walls, floodwater diversions, river diversions for coastal wetlands restoration,
channel alterations, seawalls, revetments, onsite detention, barrier island restoration

and safe rooms (for a description of these structural measures and their beneficial and

detrimental attributes, see Appendix).

Nonstructural measures modify susceptibility to flood damage and disruption by keeping
people, property and development away from hazard areas. Nonstructural measures
include setbacks, hazard buffer zones, green space, open space, conservation districts and

numerous land use tools that allow development in safe areas while reducing density of

65



development in hazardous areas (for a description of these nonstructural measures and

their beneficial and detrimental attributes, see Appendix 6).

4.1.5 Infrastructure
Infrastructure includes roads, sanitary systems, water supplies, power grids, bridges,
drainage systems and other elements of the built environment that may affect the quality
of life. Within the category of infrastructure are crucial services, without which the
community cannot operate or recover effectively. Infrastructure also includes hospitals,
city hall, police and fire stations, communication networks and evacuation shelters.
Communities traditionally do what is necessary to maintain infrastructure at some level
of service they can afford, which all too often results in minimal attention. Day-to-day
concerns such as filling potholes, paying school employees or building a new jail are the
priority issues that receive the community’s available time and money. Most of the time,
there is little forethought to consequences arising from the inevitable “greater event.”
For example, after a hurricane, communities replace what was destroyed with a project
that returns the bridge, road or building to its pre-storm condition. Future damage could
be avoided if the parish or municipality would build better by managing the location of
the damaged structure and factoring in eroding shorelines, flood areas or zones of high
subsidence. Federal, state and local governments can set good examples by not placing
public buildings in areas known to flood or within zones affected by the storm surge of
record, even if it is outside the mapped Special Flood Hazard Area. Communities should

rebuild better — not just to pre-storm conditions.

If the goal is to reduce damages from natural hazards, then one must take a more
aggressive approach through infrastructure management. First, a community should
inventory and document the natural hazards risk to existing facilities in anticipation of
implementing mitigation measures. Opportunities for taking action often occur after
a flood or in response to new federal programs. In response to destruction of bridges,
replacements are now built to elevations above the new storm surge of record. In
some cases, this means raising the clearance from 8 feet above bay or lake levels

to 30 feet above the normal water level, as in the example of the I-10 twin bridges
across the eastern part of Lake Pontchartrain. Other actions that are possible include
enlarging culverts, clearing and better maintaining drainage canals, and floodproofing
nonresidential structures (sewerage treatment facilities, water plants, power stations).
Second, all governments should carry flood insurance on public buildings rather than
remain self-insured. Third, a community should prepare a hazard audit® to document

problems and to provide a focus for developing solutions. Fourth, the community
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should undertake a “liability audit” to determine its exposure to paying damages for the
failure of infrastructure. Fifth, the community should acquire parcels for parks, natural
areas (wetlands), storm water detention ponds, grassy swales and riparian buffer strips.
These open spaces reduce the exposure of individuals and government to inundation by
barring uses that will suffer flood damages. Sixth, local governments should rethink

the placement of critical facilities. New construction should be located outside the
boundaries of the Special Flood Hazard Area or outside the maximum extent of the storm
surge of record. If the storm surge of record is not recent, the community may add a
freeboard and prohibit the placement of critical facilities within a zone defined by the

storm surge of record plus 50 percent increase in elevation.

4.1.6 Outreach: Public Awareness and Education
Local governments, businesses and nonprofit organizations have an important role in
promoting awareness and educating the public on natural hazards and mitigation. The
basic message is “YOU ARE AT RISK” if you live or work in this location and are more
susceptible to greater damages unless you build or retrofit correctly. Local governments,
businesses and nonprofit organizations can provide facts, information and suggestions
on structure siting, smarter design, and better construction practices that will result in

facilities better able to withstand the impacts of natural hazards.

Communities can initiate efforts to contact property owners and residents by hosting fairs
and special events, distributing fact sheets, giving workshops in conjunction with other
agencies and nonprofit organizations, providing free Web-based programs and links to
other materials, and involving businesses by offering classes on the correct ways to build
and meet building codes. Community newspapers such as the free tabloids frequently
will work with communities on safety stories. Communities may elect to supplement
the information depicted on Flood Insurance Rate Maps (FIRMs) by showing rates of
shoreline erosion, projected future shorelines, storm surges of record (as mapped the
Corps of Engineers, the Federal Emergency Management Agency, the U.S. Geological
Survey or the Natural Resources Conservation Service) and depths of flooding at known
locations throughout the community. Finally, agencies may prepare newspaper or utility
billing inserts that commemorate historic events or remind people of the upcoming storm

se€ason.

Much of this information is already available from the Federal Emergency Management
Agency (www.fema.gov), the National Oceanic and Atmospheric Administration (NOAA)

(www.noaa.gov), Coastal Services Center (www.csc.noaa.gov), the Environmental
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Protection Agency (www.epa.gov), the Natural Resources Conservation Service (www.
nrcs.gov), the state Office of Emergency Preparedness (www.ohsep.louisiana.gov),

the state Office of Floodplain Management (www.dotd.la.gov/lafloods), or the county
agent located in each parish and a part of the LSU AgCenter Extension Service and the
Louisiana Sea Grant College Program. Sources of information in the not-for-profit arena
include the Association of State Floodplain Managers (www.floods.org) and the Institute

for Business and Home Safety (www.ibhs.org).

In addition to protecting property and saving lives, this extra effort helps the community
gain Community Rating System (CRS) credits. Consequently, National Flood Insurance

Program premiums are reduced relative to the effort by communities.

Training and education directly benefit the community as well. This may include having
officials who are certified floodplain managers to ensure they are knowledgeable about
the best practices for reducing flood damages and stay up-to-date on programs. A second
option is attending classes online (www.training.fema.gov/EMIweb/) or in person at

the Emergency Management Institute in Emmitsburg, Md., where students learn from
professors and recognized leaders about the latest techniques and mitigation measures for
addressing natural hazards. Third, the community, or a group of communities, can work
through the NOAA Coastal Services Center in Charleston, S.C., to train elected officials,

surveyors, insurance and real estate agents and the public.

4.2 Implementation Strategy: A Model Methodology for Parishes
and Communities

A flexible approach for implementation is needed so that it can be adapted to the
particular characteristics of each parish, taking into consideration factors such as
protecting life and property from coastal hazards, preserving the environment, promoting

business and respecting private property rights.

The strategy recommended is a light-handed, flexible approach that can easily be
adopted for each parish (Figure 4-2). This approach recognizes that government can
implement programs through numerous mechanisms such as knowledge, information,
guidance, policy, industry standards, existing authority and even new regulations. These
elements form a continuum. So, instead of having only two options for implementation
(for example, no regulation versus new regulation), there could be hundreds of options,

depending on the mix of elements.
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Government Implementation
Light or Heavy Handed?

Figure 4-2. Government decisions are based on a continuum of elements. Knowledge of an
existing natural hazard risk forms the basis for taking action. Collecting information on planning
for the hazard is the next step. Guidance on how to deal with the hazard is also necessary. This
guidance can then turn into policy, form the basis for an industry standard, or be used within
existing regulatory authority. As a last resort, new regulations may be needed (Adapted from D.J.
Hwang. 2005. Hawaii Coastal Hazard Mitigation Guidebook).

Some characteristics of this light-handed approach include:

* Recognizing that the implementation elements form a continuum can greatly
increase the number of mitigation options.

* The approach is flexible, so a parish can decide how far along the continuum it
wishes to be.

* What one parish decides does not affect the choices of another parish. Naturally,
some parishes will take the lead in implementing mitigation measures and others
will follow once the benefits are demonstrated elsewhere.

* Each element in the continuum is important, and an effective hazard mitigation
program should rely on components of all.

* No one element is more important than the other.

* Each element has many sub-elements. For example, guidance can be purely
voluntary and in the form of a “how to” brochure, or it can be in the form of a
guidance document that explains an existing regulation or ordinance and could
have regulatory authority. The latter is further along the right side (Fig. 4-3) of
the continuum. Again, each element forms part of the continuum, as do the sub-
elements.

* The elements are not mutually exclusive and work more effectively in
combination. For example, guidance and policy can lead to the creation of an
industry standard. Guidance and informal policy can lead to formal policy or an
industry standard.

* [t is recommended that local communities utilize all the elements in their
program to reduce natural hazards risk. The mix will vary depending on the
characteristics and makeup of each parish.
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At this point, it is important to explain the different program elements in more detail so

that steps to implement such a strategy can be taken.

4.2.1 Knowledge
The first step in reducing the risks from natural hazards is knowing there is a problem.
For example, is an area subject to flooding, sea level rise, subsidence, coastal erosion or
wave inundation risks? Has the area flooded before or experienced damage from other
natural hazards? Surprisingly, many development decisions are made with no knowledge
or consideration of these factors. It is a logical progression that if these factors are
recognized (e.g., knowledge of flood risk) then an attempt will be made to quantify the
risks and implement measures to reduce future damage. Thus, recognizing the problem is

key, and knowledge of the problem is a first step.

Knowledge can come from analyzing historical hazard events and documenting their
occurrence to ascertain the risk for an area. This information can come from studies by
universities or government agencies. The knowledge can be disseminated by fact sheets,

workshops, publications and other outreach activities.

4.2.2 Information for Planning
Information refers to material that can be used for planning. For example, while
historical studies may provide knowledge of a hazard risk such as flooding, if the
study is carried further to map the inland extent of flooding and the depth of water, that
information can be used for planning and to guide future development decisions. It may
be determined that a proposed structure needs to be elevated 5 feet to avoid flood damage

from the most recent storm.

An example of planning information includes the National Flood Insurance Program
FIRMs, which show the depth of the 100-year flood. Other examples are maps that detail
erosion, subsidence rates and wetland loss. Again, these items may be obtained from
universities or government agencies such as FEMA, the U.S. Army Corps of Engineers,
the U.S. Geological Survey or other organizations. If unavailable from these sources, the
information may be obtained from a consultant hired to do a study. Having information
for planning relates to one of the strategies to implement the No Adverse Impact Concept

by mapping natural hazard risks in the area.
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4.2.3 Guidance
Guidance provides “how to” information for the implementation of certain hazard
mitigation measures. For example, if the flooding in an area is expected to be a certain
depth, guidance can show how to build to reduce damage, whether the risk is from simple
flooding or high-velocity wave action. An example of guidance is this book, where the
major purpose is to provide homeowners, land owners and government agencies with
information on ways to avoid/reduce damage from high winds, flooding, storm/coastal
erosion and other natural hazards, as well as provide strategies on ways to implement the
measures. The measures can generally be classified as those related to construction (how
to build) and siting (where to build). Other examples of guidance include the FEMA
Coastal Construction Manual’ and several brochures published by the Louisiana Sea
Grant College Program in conjunction with the Louisiana Coastal Hazard Mitigation
Guidebook.

Guidance is critical in a hazard mitigation program because it takes what is known about
natural hazards one step further by offering technical, scientific or professional advice on
how to deal with the problem. Guidance is a key component of implementation because
it provides solutions in a form that is readily available for use and bridges the gap
between educational elements (knowledge, information) and implementation elements

(policy, industry standards, existing authority and new regulation).

4.2.4 Policy
Policy reflects the general principles that are followed in management of the
government’s public affairs. Policy often reflects the desires and wishes of the
community or public, since policy commonly originates from leaders elected by the
community. Policies can come in numerous forms. Written policy can be incorporated
into existing regulatory programs through a formal rule-making procedure, or it can be

stand-alone policy within an administrative office.

Besides formal policy, there can be informal policy that is reflected in actions of the local
government. For example, an informal policy to encourage building a safety margin

above the Base Flood Elevation (i.e., freeboard) can be advanced by:

* Distributing brochures on the benefits of building higher;

* Conducting outreach through workshops or seminars on building better;

* Creating incentives within the parish to build higher, such as property tax credits
or regulatory initiatives such as a streamlined permit process; or

e Structuring the community’s flood insurance program so that maximum credits
are provided for building higher.
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Whether formal or informal, policy will be more effective if it is recognized that it is
on the continuum between guidance and standards (Figure 4-2). Policy should serve as
a link between guidance and standards, rather than being created at random. This will
result in a higher percentage of users implementing the measures. Policy also can help
to bridge the gap between guidance and existing authority and can supplement existing

regulation or new regulations.

4.2.5 Industry Standards
Industry standards are followed by companies, even though there may be no requirement
to do so. The standard could be initiated from: (1) the practices of a few leaders in the
industry, (2) policy or encouragement of the government, (3) input or public opinion
of the community or (4) the legal system and lawsuits. It is advantageous to implement
measures through industry actions, since there would be little new regulation, yet the
safety measures would be implemented at a high rate providing additional protection to

the public.

Industry standards develop over time, and there is no guarantee they will develop, despite
efforts to do so. Nevertheless, it is possible that guidance on how to build safer, along
with effective policy from the local government, can help to create industry standards.
This is one alternative to passing new regulation, especially if a parish is particularly

against new regulation.

4.2.6 Existing Regulation
It is possible that many hazard mitigation measures for siting and construction can be
implemented within the authority of existing laws and regulations. This depends upon
whether permits are discretionary or ministerial in nature. Ministerial acts allow no
discretion or judgment and are usually for approvals that require absolute compliance
with all details and standards specifically outlined in the rules. A good example is the

new building code for Louisiana, which is a legal requirement.

Conversely, approvals can be discretionary when the goals of a permit are mentioned
in the rules but the methodology is not (for example, it is an expressed objective in a
subdivision regulation to reduce flooding risk, but the rules do not detail how this goal
should be accomplished). When the permit is discretionary and the methodology for
reducing hazard risk is open, guidance documents, along with government policy, can
often result in the implementation of safety measures for a project. The effectiveness

depends on the amount of discretion available. For example, land use permits or
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approvals high in the development process are more discretionary in nature. Also, the
specific language in the rule plays a role, as measures related to public safety and natural

hazard mitigation may offer more discretion.

4.2.7 New Regulation
New regulation or law is an important element of government implementation but not the
most popular or easy to enact. Parishes that are averse to government intervention or fear
that regulations will hurt business would resist new regulatory requirements. Yet, new
regulation plays an important role in hazard protection. For example, the new Louisiana
Uniform Construction Code® will result in significantly less wind damage from future

hurricanes, thereby making communities more resilient.

Despite the importance of new regulation, it is sometimes wrongly viewed as the only
option for implementation. As explained earlier, new regulation is just one component
of a complete hazard mitigation program for a community. Using the latest building
code as an example, if a homeowner wishes to build stronger than the new requirements
(e.g., adding stronger window protection than required by the Louisiana building code),
then guidance or handbooks can explain how to install the additional protection, while
local policy in the form of incentives can encourage its use. Some jurisdictions offer tax
credits on property or grants to encourage building stronger as part of an overall policy to
protect the community. A jurisdiction also can explore discounts on hurricane insurance
premiums for mitigation measures taken as part of a policy to make the community more

resilient.
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Elements of Implementation

Examples

Knowledge is the first step in planning for natural hazards.

Recognizing that there is a risk, or having knowledge
of past incidents, should lead to action to gather more
information so that the problem can be avoided.

Is the area subject to erosion, flooding, high-velocity
wave action, subsidence or sea level rise? What

has happened in the past? Is there knowledge of a
problem?

Information for Planning has enough detail that decisions

on where to build and how to build can be made. For
example, if the magnitude of a hazard event is placed
on a map, it may be decided that one area is at risk from

simple flooding while another area is at risk from flooding

and high-velocity wave action. Planning information
quantifies the risk.

If there is a risk of flooding, what is the areal extent
and depth of flooding? Information for planning
can come from FEMA Flood Insurance Rate Maps
(FIRMS) or maps detailing the extent of coastal
erosion, subsidence and inundation based on
information prepared by universities, government
agencies or studies by a consultant hired by an
applicant.

Guidance provides information on “how to” avoid

a problem or implement a mitigation measure. For
example, how to minimize risk from flooding, wave
action, subsidence or hurricane winds during building
or siting of a structure or ways to implement a hazard
mitigation strategy that is flexible for the different
parishes.

If the depth of flooding is 3 feet, how do we build
to reduce damage from the flood waters during
construction? Examples of guidance include this
guidebook and the FEMA Coastal Construction
Manual, which provides detailed information on
building to avoid damage from natural hazards.

Policy refers to the general principles followed by

a government in making its decisions. Policy can
support and encourage the implementation of the hazard
mitigation measures described in guidance documents by
reflecting the desires of the community. Policy can be

in many forms, for example, (1) formal or informal, (2)
written or in actions, (3) regulatory based or incentive
based.

If an effective means of flood control is identified,

the parishes or community can encourage their use
through policy. Policies could include: (1) distributing
brochures or guidebooks on risk reduction measures,
(2) providing incentive for their use, (3) holding
workshops to encourage their use or (4) interpreting
existing programs with discretion to address flood
control.

Industry Standards are followed by companies and
developers, even if it is not required by law. This can be
initiated by the policy of government agencies, public
opinion or the legal system.

A guidebook on flood control, plus a community’s
policy to implement the measures, can result in the
implementation of safety measures, such as an industry
standard to build a safety margin above the Base Flood
Elevation (BFE).

Existing Authority can be used to implement hazard
mitigation measures, especially for regulatory programs
that are discretionary in nature. Guidance, policy and
notice would be important.

By combining (1) a guidebook on avoiding flood
damage, (2) a policy by the parish to reduce flood
damage and (3) a subdivision regulation that requires
flood damage reduction, but does not mention how to
achieve it, mitigation measures in the guidebook can
often be implemented using existing rules.

New Regulation may be needed but is not always popular.

The need for new law should be balanced with the other
approaches listed above. All elements are important and
should form the complete hazard mitigation program for
a parish.

Louisiana State Building Code is new law providing
minimum standards to reduce wind damage from
hurricanes. Some communities or individuals may
want to build even stronger and can do so through
guidance, policy, existing authority or making their
own local laws.

Table 4-2. Summary of Elements of Government Implementation

74




4.3 Summary on Implementation

By combining all elements and sub-elements of implementation, hundreds of new
mitigation options are available to communities. This flexible approach is especially
useful if (1) a jurisdiction is averse to regulation, or (2) there is a desire by some to build
stronger, yet it is not politically or financially feasible to make a requirement that 100

percent of the population must follow.

Even more options are available if the strategy for applying the continuum can be
adjusted for different stages of development (Chapter 5). For example, existing
regulation or new regulation can be emphasized during the home construction stage,
while guidance, policy and existing regulation govern new zoning or subdivision
decisions.

The strategies presented can be adopted differently in each parish. A parish that is averse
to new regulation can emphasize knowledge, planning information, guidance and policy
as one means to advance its hazard mitigation efforts. Another parish that is proactive
and strongly in favor of increased protection for the community may emphasize guidance,
policy, existing regulation and new regulation (Fig. 4-3). This is the flexible approach,

and each parish can decide what is suitable and how it wishes to proceed.

It should be noted that this guidebook forms part of the lowest common denominator
that all parishes in Louisiana hopefully can decide is important. Even if there are no
additional actions by the parish, the guidebook can be used as a resource to form the
basis for a stronger program of hazard risk reduction by educating the public on natural
hazards and showing how the risks can be reduced through better construction and siting.
Some parishes can take the lead and attempt to implement the measures to a greater
degree. Other parishes may use the book only as guidance and may choose to follow
other parishes only after the success of the mitigation measures and strategies can be
demonstrated.
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Government Implementation
Light or Heavy Handed?
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Figure 4-3. The light-handed approach is flexible and can be adapted for each parish. A parish
that is against new regulation can emphasize knowledge, information, guidance and policy to
implement measures. A parish that is proactive or strict in building better could concentrate

on policy, existing authority and new regulation. Although all elements in the continuum are
important and should be utilized, the particular mix or emphasis can change to suit the political
orientation and personality of each parish (Adapted from D.J. Hwang. 2005. Hawaii Coastal
Hazard Mitigation Guidebook).

Chapter References
1 Ass’N oF STATE FLooDPLAIN MANAGERS, NO ADVERSE IMPACT IN THE COASTAL ZONE, at 165
(2007).
2 1d.

3 An in-depth discussion of the NAI approach is also available online at http://www.floods.
org/CNAI/CNAI Handbook.asp.

4  See,e.g., Fed. Emergency Mgmt. Agency, Mitigation Planning Guidance, at http://www.
fema.gov/plan/mitplanning/planning_resources.shtm#0 (last modified Oct. 5, 2007).

5 FED. EMERGENCY MGMT. AGENCY & LouisiaANA DEPT. OF TRANSPORTATION AND DEVELOPMENT,
LouisiaNA FLooDpPLAIN MGMT. DESK REFERENCE, at 7-6 (2004).

6 See, e.g., FED. EMERGENCY MGMT. AGENCY, MITIGATION PLANNING HOow-To Guinpes, FEMA
386-2 (2001), available at http://www.fema.gov/plan/mitplanning/planning_resources.
shtm.

7 FED. EMERGENCY MGMT. AGENCY, FEMA CoaAsTAL CONSTRUCTION MaNUAL, FEMA 55 (3rd
ed. 2000).

8 LA. REv. Stat. ANN. §40:1730.21 ef seq.(20006).

76



Chapter 5

Land Use and Development Planning

As this guidebook was being prepared, the development process for many parishes
was being modified to better incorporate comprehensive planning. For instance,
Calcasieu, St. Tammany and St. Mary parishes were in various stages of preparing
formal plans that, when completed, would be the first step in their development
process. The generalized development process ideally forms a hierarchy with
comprehensive planning at the top, followed by zoning, subdivision, infrastructure
improvements, lot sale (if a residential application) and construction (Figure 5-1). If
the issue of hazard risk is ignored throughout the development process (also depicted
in Figure 5-1), the more difficult and expensive the mitigation process becomes.
Although implementing hazard mitigation after construction is more expensive, for

many existing homeowners, retrofitting maybe their only option.

Generalized Stages in
Development and Hazard Mitigation Planning

1) Comprehensive, General and Community Plans Early Planning
2) Local Zoning

3) Subdivision of Land

4) Infrastructure Improvements

5) Lot Purchase

6) Home Construction

7) Hazard Noticed — Remedial Options Evaluated Late Planning

Figure 5-1. The development process in Louisiana forms a hierarchy. When comprehensive
planning is implemented, it will be at the top of the process. Agencies should consider and
plan for natural hazards during all phases of development, especially in the first stages. It
may be too late in the process to address natural hazards at Stage 7. This is late planning
or no planning. In general, the options for mitigation at this late stage are more limited and
expensive (Adapted from D.J. Hwang. 2005. Hawaii Coastal Hazard Mitigation Guidebook).

It should be noted that some parishes may have slightly different processes, with
some jurisdictions having no general or comprehensive planning process, zoning

or even subdivision regulations.! In this case, there would be six, five or four
development stages instead of the seven shown in Figure 5-1. Regardless, planning
for natural hazards should begin as early as possible in the development process and

should actively proceed for all subsequent stages.
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As noted in Chapter 4, comprehensive planning is one of the key strategies to
implementing the No Adverse Impact concept. Comprehensive planning early in the
development process allows for greater consistency and fewer conflicts. For instance,

a parish should not encourage high-density use at the planning, zoning and subdivision
stage and then attempt to implement a hazard setback requiring low-density usage at

the construction stage. This is likely to lead to strong objections from property owners.
However, this is likely to happen if the issue of natural hazard mitigation is ignored early

in the development process.

It is especially important for hazards that may affect the siting of structures to be
considered early (Figure 5-2). Options for siting (where to build) and construction (how
to build) are both important and form the full set of tools available for the reduction of
hazard risks. The issue of using siting measures to address hazards is the thrust of this
chapter (Stages 1 through 5 in Figure 5-1). Many of the measures for using construction
methods or structural methods to reduce hazard risk form the basis of Chapter 6 (Stages
6 and 7 in Figure 5-1). Structural methods include building practices, building codes,
National Flood Insurance Program construction standards or other non-regulatory

measures to strengthen or protect a house, either during construction or retrofitting.

Development Stages vs. When Proper Siting
and Building Practices should be Addressed

1) Comprehensive, General and Community Plans

2) Local Zoning

3) Subdivision of Land

4) Infrastructure Improvements Siting
5) Lot Purchase

6) Home Construction (How to Build)

7) Hazard Noticed — Remedial Options Evaluated

Figure 5-2. Siting is important because many hazards cannot be mitigated with construction
techniques alone. For legal, political and practical purposes, siting issues should be addressed
as early as possible in the development process (Stages 1 through 3). Siting correctly can be
done at Stages 4 through 7, but is likely to be improper due to prior development decisions that
become irreversible. Building correctly can be done at Stage 6 (Adapted from D.J. Hwang. 2005.

Hawaii Coastal Hazard Mitigation Guidebook).
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The issue of hazard mitigation should be addressed as early as possible in the
development process because, with each stage of development, a landowner is likely to
invest significant time and money to prepare a project for construction. With such an
investment, the value of the project increases substantially (Figure 5-3). Therefore, if the
government needs to purchase property for a public purpose, it is better if the purchase is

made early rather than after the property has appreciated considerably.

Concurrent with the increase in market value will be a rise in the “reasonable investment-
backed expectations” of the landowner (Figure 5-3). This concept, derived from property
law, relates to the rights of the landowner to use his or her property and the ability of the
government to regulate it. By investing more time and money into a project to obtain
approvals, the landowner may assert that he or she has a vested right to develop to a
certain level. This is true to a degree, but the government still has the right to prevent the
harm to life and property that could result from poorly designed development projects.
However, waiting until the end of the development process makes it more difficult for

government to assert this right.

While the market value of the property and investment-backed expectations of the
landowner are increasing with every development stage, the ability of the community

to provide input on the project diminishes (Figure 5-3). This would be expected, since
numerous prior decisions for the property become almost irreversible, and the community

can do little to change a project late in the process.

Finally, the full range of options available for governments to mitigate natural hazard
damage or reduce risk diminishes later in the process (Figure 5-3). For instance, if the
land has already been subdivided, buying the property or creating a scientifically based

hazard buffer zone could be precluded.
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Development Stages vs. Market Value,
Landowner’s Investment Expectations,
Community Input and Government Options

Market Invest. Community Govt.
Value  Expect. Input ~ Options

1) Comprehensive, General and Community Plans
2) Local Zoning

3) Subdivision of Land

4) Infrastructure Improvements

5) Lot Purchase
6) Home Construction
7) Hazard Noticed — Remedial Options Evaluated

Figure 5-3. As more time and money are spent for each stage of the development process,

the land will grow in market value, and the investment-backed expectations of the landowner

will increase. At the same time, the ability of the community to provide input and the range of
government options to reduce natural hazard risk will diminish. Generally, natural hazards should
be addressed at the earliest land use opportunity (i.e., the earliest development stage for which
a project is up for approval). (Adapted from D.J. Hwang. 2005. Hawaii Coastal Hazard Mitigation
Guidebook).

At this point, it is necessary to discuss each of the stages in the development process

to show how they can be used to reduce hazard risk.

5.1 Comprehensive Planning

For some parishes and communities, the comprehensive plan will be the first stage in the
development process and the best time to plan for natural hazards, especially if mitigation
efforts are related to siting. It is prudent to address not only issues such as environmental
management, housing, economic development, transportation, education and human
services, but also natural hazards risk and proper mitigation. Comprehensive plans can

then guide future zoning, subdivision, infrastructure and building decisions.

By addressing natural hazards, a plan provides public notice about the design goals

and desires for a community. Because comprehensive plans are addressed early in the
development process, they reduce the chance of conflicts within other development
stages. At the time of this writing, Louisiana parishes were in various stages of using
comprehensive plans. Some did not have any plans, while others were in the process of

updating or introducing new plans.?

The format for a plan can vary significantly. Some plans may be general and cover

just the basics, such as where growth should occur, the types of land use for each area
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and growth projections or population targets. Other plans may be more detailed, even
covering components related to landscape and infrastructure design and street layout.
Models and guidelines, however, have been proposed for what a comprehensive plan

should include.?

Communities should consider the following important aspects when developing

a comprehensive plan that considers risk reduction for natural hazards: (1) list of
objectives and policies related to hazard mitigation, (2) assessment of natural hazards,
(3) participation by all stakeholders and (4) discussion or decision on implementation

measures. These points are discussed below.

5.1.1 List of Objectives and Policies Related to Hazard Mitigation
A hazard mitigation element within the comprehensive plan is important to reduce
natural resource degradation, property damage, economic loss and injury or death. It
is necessary for the plan to include specific policies, objectives and goals for hazard

mitigation to guide future development decisions.

The comprehensive plan should be carefully drafted by each community. If there is no
statement of the desired objectives, policies or goals, then planning for natural hazards

is likely to receive little attention during subsequent development stages, such as in
zoning or subdivision design. Once land is subdivided, the chances of addressing hazards
through proper siting diminish significantly because of the factors in Figure 5-3. This
will reduce or eliminate a significant number of options for hazard mitigation. The
objectives and policies are also important to guide future amendments or improvements

to existing master or community plans.

Plan objectives and policies can be general or specific. Sample policies and objections
can be found in many federal laws, such as the National Flood Insurance Act or the
Coastal Zone Management Act. There is no harm in reiterating a federal policy to reduce
hazard damage and placing it in a local comprehensive plan because these laws already
apply to parishes. By doing so, the need to plan for natural hazards is reinforced from the
federal level to the local level. For example, in the Coastal Zone Management Act, one

policy is to provide for

the management of coastal development to minimize the loss of life and property
caused by improper development in flood-prone, storm surge, geological hazard,
and erosion-prone areas and in areas likely to be affected by or vulnerable to sea
level rise, land subsidence, and saltwater intrusion, and by the destruction of natural
protective features such as beaches, dunes, wetlands, and barrier islands*
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Sample objectives and policies also can come from local floodplain regulations for the
various parishes. For instance, one objective found in the St. Mary Parish flood damage
regulation is to “minimize public and private losses due to flood conditions in specific
areas” by several methods including “development of floodplain areas in such a manner
as to minimize future flood blight areas.” In the floodplain management regulations for
Calcasieu Parish, it is a policy to “restrict or prohibit uses which are dangerous to health,
safety, or property in times of flood, or which cause excessive increases in flood heights

or velocities.”®

If the above policies are not suitable, for whatever reason, other policies and objectives
can be drafted that are in line with the local community. The key is to establish that
hazard mitigation design and planning is important to protect life and property and
should be considered in: (1) creation of the community’s comprehensive plan, (2) any

amendments or updates to the plan and (3) for any subsequent development stages.

5.1.2 Assessment of Natural Hazards
The effectiveness of a comprehensive plan can be enhanced if the community conducts a
risk review that identifies and assesses the potential impacts of known and unanticipated
events. The assessment to determine hazards for a community can be derived from
existing regional studies conducted by the federal government or universities, or it can
come from a hired consultant. An important source of information is the Federal Flood
Insurance Rate Maps (FIRMs). FEMA’s Hazards United States (HAZUS) is another
approach that will result in communities having a better understanding of the risks they
must address. FEMA has available a hazards mitigation planning process.” The resulting
mitigation strategy can be protective and reflect the community’s values, judgments and

costs.

The importance of the hazard assessment at this stage of development depends on the
detail of the comprehensive plan. If the plan is very general, amounting to simply a
broad policy statement, then the assessment could possibly be deferred until the zoning
stage. However, if the comprehensive plan is detailed and directly or indirectly alludes
to the location of new buildings and roads and covers project or community design, then
the assessment should be conducted before the plan so that risky areas can be identified,
planned for and avoided. In general, the assessment should be done as early as possible

and be available for the formal planning process.
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5.1.3 Participation by all Stakeholders
To encourage compliance, the comprehensive plan should be prepared with the input of
all major parties in the community. Businesses and landowners should participate so
that their point of view is considered and economic impact is diminished to the greatest
possible extent, while any unreasonable measures are removed. As an added benefit,
participation puts these entities on notice of their need to address natural hazards early in

the development process.

Public and government agencies also should be involved to emphasize the importance
of protecting life and property through proper planning during development. In the long
run, the community will be better off physically and economically if it is resistant to

future natural hazards.

5.1.4 Discussion or Decision on Implementation Measures
The utility of the comprehensive plan is greatly increased if there is some discussion or
decision on how natural hazards mitigation will be implemented. For instance, it may
be possible to address many flooding issues or even high-velocity wave action through
building methods versus siting. The plan also may indicate for certain hazards that siting
through a setback or hazard buffer is the preferable alternative. Areas where this could
apply include river or channel floodways; erosion zones; or areas near the shoreline
especially susceptible to subsidence, wetland loss, sea level rise or high-velocity wave
action. These are issues that should be decided, or at least discussed,

in the comprehensive plan.

An example of how measures can be implemented is found in the St. Mary Parish flood
regulations, which permit the government to, “restrict or prohibit uses that are dangerous
to health, safety, or property in times of flood or excessive increases in flood heights or
velocities.”” These restrictions could come in the form of setbacks, hazard buffer zones,

green zones, open space buffers or other methods.

5.2 Zoning

Through late 2007, several parishes had zoning regulations, while a few did not.’
Nevertheless, the trend was for more parishes to institute zoning because of the benefits
to the community. Zoning prevents incompatible uses, such as placing a residential
subdivision near a pig farm, resulting in complaints and a reduction in property values.
Zoning can significantly enhance an area by ensuring there is a good mix of commercial,
residential and open space that is in harmony with the environment, meets the social

needs of the community and fits with the character of the neighborhood.
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Zoning can significantly reduce risk from natural hazards by placing structures in safer
areas where they are less vulnerable. When properly planned and zoned, a community
is more hazard resistant, more in concert with its surroundings and more valuable
because all of the elements in the community are planned to support each other, thereby
minimizing conflicts while enhancing viewplanes and promoting efficiency within

existing infrastructure.

With regard to the use of zoning for hazard mitigation, several key points are provided

below.

5.2.1 Identification of Hazard Zones
It is important to have planning information on the hazards to be addressed. If a hazard
assessment has not been conducted during the comprehensive planning stage, it may
be necessary to conduct one prior to zoning. This will prevent locating a high-density
residential project in a hazard zone. The goal of the assessment is to identify and map
— through existing data, or newly developed data — the location of zones prone to flood,
erosion, subsidence, high-wave velocity or other zones of concern. Once mapped, they
can be used to design the community, through zoning, to ensure the best use and safe
development. The hazard zones could be identified, for example, from the National
Flood Insurance Program Flood Insurance Rate Maps (FIRMs) or erosion or subsidence

maps from government agencies, university departments and other sources.

5.2.2 Identification of Hazard Mitigation Measures
Once hazard zones are identified, it must be determined if the risk can be addressed
through structural measures (how to build) or nonstructural measures (where to build).
Structural measures are generally cheaper and easier to implement. If structural measures
are not technically possible, then siting measures become an important factor and zoning
comes into play. In this case, the identification of the hazard zones should influence
the placement of high- and low-density uses. High-density residential use should
not be placed in a hazard zone, especially if is not possible to mitigate the risks with

construction techniques.

5.2.3 Creation of Appropriate Low- or No-Density Use Zones
If zoning is used to mitigate potential hazard damages, it would be helpful to create

different levels of low- or no-density use zones. These zones may include:
* Open"
* Conservation — if protection of natural resources is a priority'
* Preservation — for areas where there should be minimal change
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* Hazard — if detailed mapping of hazard zones is conducted, a zonation scheme
for certain hazards can be created

* Parks — if green space is to be integrated in the community

* Agriculture — farming activities can be considered a low-density use

* Rural — while allowing housing, this designation would be of lower density
use than a residential or commercial designation."

The categories for no- or low-density uses can serve the dual purpose of conserving
resources, protecting the environment and enhancing scenic and social utility, while
reducing the risk from natural hazards. The parishes have different options for
implementation. One option is to create specific zones that have a hazard designation.
The second option is to amend existing zones in the zoning ordinances so that the issue of
natural hazards can be specifically considered as criteria. The advantage of creating low-
or no-density zones with a specific hazard designation is that it provides additional notice

to landowners.

The ability of parishes to designate zones has been provided by the Louisiana Legislature
through the passage of legislation that allows the parishes and communities to conduct
planning, zoning and subdivision activities.'* Without this enabling legislation, such

police power would be reserved for the state.

5.2.4. Avoid Down Zoning
It is not recommended that land designated for high-density use be down zoned to low-
density use. This is likely to create a regulatory takings issue. Ifit is too late to address
hazards through zoning, then it is recommended that the issues be addressed at the next

lower stage in the development process, which would be during subdivision.

It is recommended that hazards be considered in the zoning process for land that is
currently in low-density use and about to change to a higher-density use. In this case, the

use of zoning is a legitimate tool to reduce risks from natural hazards.

5.2.5 Coordination with Comprehensive Plans
The comprehensive plans for an area should be consistent with the zoning designations
and vice versa. Zoning and planning go hand in hand, but it is not always possible
that zoning will follow planning, especially for those parishes that are in the process of
developing their comprehensive plan. In this case, the comprehensive plans will need
to design and adjust around existing zoning while creating plans for areas that have yet

to be developed. Future zoning can then follow the general guidelines espoused in the
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comprehensive plans to ensure the required consistency. Police juries and parish councils
should work with planning and zoning commissions to ensure consistency between the

comprehensive plan and the zoning regulations and maps.

5.2.6 Coordination with other Zoning Mechanisms

Existing zoning does not preclude the creation of natural hazard zones for siting purposes.
For example, specific zones under the National Flood Insurance Program may govern if a
house is built for floods (elevated on walls with venting of water) or high-velocity wave
action (elevated on columns with breakaway walls). This flood zone can overlay the land
use designations, whose primary purpose is to influence where building occurs and not
how something is constructed. The parishes have several choices. One is to modify the
floodplain regulations to include a land use component. The other is to create a land use
component for natural hazards in the zoning regulations, then the current flood regulation

program would overlay the land use zones.

5.2.7 Zoning with Conditions
A parcel may fall into a natural hazard zone in which the risks cannot be addressed
through construction techniques. The parish may either keep the parcel as a low- or no-
density zone or change it to a higher density zone with a safety buffer or setback as a
condition for the zoning change. The later option should be checked because the zoning

regulations for each parish differ, and they should be evaluated on a case-by-case basis.

5.2.8 Investigation of Open Space Initiatives
Parishes and communities can create initiatives or incentives to build in safer locations.
For example, an incentive to build larger than normally allowed in a specific zone can be
provided for building away from a natural hazard area such as an erosion, subsidence or
flood zone. These strategies or tools can be especially useful if it is hard for a jurisdiction

to pass new regulations.

5.2.9 Planned Unit Developments (PUDs)
Some jurisdictions in Louisiana have zoning that allows for Planned Unit Developments
(PUDs) for tracts of land greater than a certain size (for example, 10 acres). PUDs are
a land use tool that gives a developer flexibility to design a community, since there is
leeway to mix lot sizes and geometries. In addition, the mix of uses, such as recreational,
residential, commercial or even industrial can be designed into the PUD. PUDs can be
abused because considerable discretion is provided to the developer. This concern can

be addressed with appropriate standards. Nevertheless, PUDs can also be a useful tool
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for hazard mitigation, since the hazard zones, setbacks or buffers can be designed into a
development project and, with the increased flexibility of the PUD, the economic impact

of these safety measures is greatly minimized.

PUDs should continue to be encouraged, but the issue of hazard mitigation should be
required in the zoning regulations so that the great advantage in the flexibility of the
PUD is not lost during project design. A percent of the land area can be designated for
green space, with priority given to locating the green space along hazard zones to buffer

buildings from natural forces.

5.3 Subdivision Process and Regulations

During the subdivision process, a large tract of land is divided to create many smaller
parcels. From a purely physical point of view, many siting measures for hazard
mitigation can be addressed during subdivision. However, because of issues with
property rights and investment-backed expectations, it is better that siting for hazard
mitigation be addressed earlier in the development process during the comprehensive

planning or zoning stages (Figure 5-3).

Ideally, the subdivision process follows the decisions, requirements and direction found
in the comprehensive plan and the zoning regulations. However, in 2007, some parishes
had subdivision regulations while others did not. Moreover, many parishes were in
various stages of creating comprehensive plans or a zoning regime. As these tools are
implemented, there are a number of actions communities should consider regarding

subdivision laws. They are discussed below.

5.3.1 Identification of Hazard Zones
As with planning and zoning, it is important to identify or assess the location of natural
hazards before subdividing land. If this information is readily available, then a new
assessment is unnecessary. It will be needed in order to prevent inadvertent placement of

a house in a hazard zone where people or property may be put in danger.

5.3.2 Identification of Mitigation Measures (Siting or Construction)
It is also important to determine what hazard risks can be addressed through construction
and which risks need to be addressed with siting measures through the subdivision
process (see the mitigation measures for this section). Mitigation measures covered in

this section include subdivision and infrastructure design.
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5.3.3 Follow Existing Subdivision Regulations

A parish or community should have standards for subdivisions that address natural
hazards. If there are no standards, there is a missed opportunity to mitigate natural hazard
risk during this critical stage of development. Many of the measures for design shown
later in this section would have little chance of being implemented without subdivision
standards.

Most parishes have simple, helpful standards in the floodplain management regulations.
For example, in Calcasieu Parish, the subdivision must have a plat that shows base flood
elevations and ground elevations'® and should not allow buildings in the floodway.'¢
These provisions have a siting component that supplements the construction standards
also in the rules. Additional conditions can be added to the subdivision!” to protect

life and property.'® The last two provisions provide some discretion for the planning

department to reduce hazard risk under the existing authority of the rules (Figure 4-2).

In addition, some parishes have subdivision regulations that define the multi-step process
for subdivision approval" and provide an additional opportunity for hazard mitigation.
However, not all parishes will have specific subdivision standards independent of those
in the NFIP. Many parishes have existing authority under their rules to implement the

guidelines that are presented in this chapter.

5.3.4 Enhance Subdivision Regulations
For parishes that lack subdivision standards or wish to enhance those that already exist,

two possibilities are offered to reduce the hazard risk to life and property.

A simple provision can be added that all subdivisions must be suitable for their intended
use and that no resident or homeowner will be placed at undue risk from erosion,
subsidence, high-velocity wave action or flooding. This provision gives the applicant for
a subdivision notice that hazard mitigation in design is vital. In addition, considerable
authority is given to the local community to mitigate potential damage. Finally, this
effective provision distinguishes between the developer-subdivider and the homeowner-
purchaser. The homeowner-purchaser needs to be protected as a consumer, but will be

in poor position to do so if the house is inadvertently placed in a hazard zone by the
developer-subdivider. Generally, it is easier to address hazards before design than after

a house is built. Implementation of this requirement could be through certification by a

licensed engineer within the agency or by one hired by the applicant.

88



A second provision addresses the subdivision procedure and the multi-step process for
subdivision, which may include: (1) application, (2) conceptual plan, (3) preliminary
plan, (4) engineering plan and (5) final plan.® Each of these steps can take considerable
time and money for the applicant-subdivider, so it is important that the issue of hazard
mitigation and siting be addressed as early as possible in the subdivision process to avoid

expensive redesigns.

5.4 Subdivision Design to Minimize the Risk of Natural
Hazards

One of the goals of proposed subdivision guidelines is to harness the inherent mitigation
attributes of the natural environment by better positioning buildings and property

out of harm’s way. This approach promotes subdivision plans that result in creating
neighborhoods and whole communities that are more resilient to naturally occurring
hazardous forces. In essence, the guidelines, when incorporated with sound subdivision
design, enable neighborhoods and communities to protect themselves against future
disasters. There are countless examples where poor subdivision planning has exacerbated
the disastrous impacts of seasonal tropical storms. Researchers have analyzed these
examples and have shown that these subdivisions could have been made more resistant
to the effects of natural hazards by considering the natural features of the land and by
rearranging the location and geometry of subdivision parcels. This section will focus
on the potentially life-saving and property damage-reducing application of subdivision
guidelines for parcels of land subject to tropical storms in low-lying coastal areas. The
guidelines adapt lessons learned in neighborhood and subdivision planning elsewhere in

the coastal United States and other low-lying coastal regions and countries.

By incorporating hazard mitigation guidelines presented in this section into a
community’s subdivision ordinance and design, a community takes preemptive action and
preventive steps in addressing the potentially damaging effects on future development. It
is preferable to take action before a hazardous event occurs to reduce potential damage
and loss, rather than taking action as part of recovery, when the damages and losses

might be much higher, and perhaps devastating, to the community. The application of
these guidelines represents how best to guide land development in order to achieve the

following objectives:

* Protect the safety of the population.
* Reduce private property loss and loss of lives.

* Minimize economic losses.
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* Increase property values.

* Reduce hazard insurance liability to individual property owners.

* Increase the quality of life of property owners and the community as whole.

* Reduce impacts of natural hazards on environmental quality (water quality,
wildlife and natural areas).

* Empower local communities to mitigate natural hazard reduction.

5.4.1 Guidelines Applicable to the Subdivision of Land for Residential,
Commercial and Other Allowable Uses

By incorporating the guidelines — all, in part or in combination — communities will

also be incorporating flood hazard mitigation into their land planning and subdivision
ordinances. The guidelines consist of creative and scientifically sound land use planning
measures that easily integrate with a community’s comprehensive hazard mitigation
planning efforts. The subdivision guidelines have specific application for cities, small
communities and parishes in coastal Louisiana where seasonal tropical storms and heavy
rains pose flooding, wind and other property-destructive threats. The guidelines are
based on adapting traditional subdivision guidelines and incorporating proven flood and
storm water management principles for flood mitigation, as well as sustainable land use
planning concepts appropriate for parcels of land subject to flooding events associated
with tropical storms in low-lying coastal areas. It is the intent of the guidelines to provide
cost-effective measures to better protect neighborhoods, commercial investment and other
land use enterprises by providing an effective level of protection from storm damage.
Effective storm and flood protection must consider good building and structural design
(architectural considerations)(Figure 5-4A) in combination with lot subdivision and road

layout (Figure 5-4B) that that will reduce or mitigate storm and flood damage.

Figure 5-4A and Figure 5-4B.
Hazard mitigation through building design (A) (Photo by B. Sharky 2007) and land or
subdivision planning (B).
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5.4.2 Guidelines for Subdivding Land, Primarily Privately Owned,
but Including Land to be Developed for Governmental Uses
and Facilities

Subdivision can be broadly defined as a parcel of land that has been divided into two or
more smaller lots, with each lot of sufficient size to accommodate one or more building
units for residential or commercial use. A subdivision map will be produced that shows
each lot, roadway, servitude, infrastructure and other features proposed and/or required

by the subdivision ordinances established by the city or parish.

In the case of the subdivision guidelines proposed in this section, an overlay with parcel
and infrastructure design measures are presented that will mitigate and provide an
improved level of protection from flooding and storms. This overlay of flood mitigation
design measures considers consumer protection and provides value-added features that
could benefit the economic return on investment for the land owner and developer. The
goals of these subdivision guidelines are to lessen the impact of storm flooding and to

reduce property damage and loss of lives in storm-prone southern Louisiana.

The motive of a landowner for developing a parcel of land is to maximize the return
on investment. The product may be individual lots or developed lots including
structures such as the houses, multi-unit residences or commercial units. A subdivision
map describes the size, location, geometry (shape) and the required infrastructure
improvements (roads, sidewalks, parking lots, access and possibly park and open space

elements).

Since the landowner or developer of the parcel to be subdivided is in a better position

to provide for safety and mitigation from flooding and storms than the individual
homeowners or purchasers of the lots, it is recommended that the appropriate government
agency require or encourage proper mitigation from the landowner or developer. It
would follow that proper design safety features be a part of a community’s subdivision
ordinances and building codes. By incorporating sound and appropriate design guidelines
in a subdivision ordinance that considers coastal hazards from storms and flooding, it

is possible to protect inhabitants and their property from damage or loss. These design
guidelines may also ensure economic return on the investment of the landowner through
creative subdivision design that employs many of the land use measures presented in

the chapter. The guidelines proposed here are not new and have been used in some

form in many coastal, storm-prone regions in the United States and around the world.
When properly followed and applied, these guidelines have produced neighborhoods

and whole communities that are not only safe but also a desirable place to live and
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work. The value added by creating safe and desirable living and working environments
maintains and enhances the value of the properties. With all landowners and developers
in a city or parish developing their land following the same set of subdivision and
building guidelines, all are competing on a level, often competitive playing field. All
stand to profit with no one having an unfair advantage except for the land developers
whose product is understood to be safer than the subdivisions not adequately applying
the guidelines. Given two properties of equal size, shape and location in a community,
the property incorporating a higher level of flooding safety is generally perceived as the
more valuable and, hence, more desirable for purchase by consumers. Properties having

greater storm protection features generally enjoy lower flood insurance premiums.

Subdivisions can be small parcels of land of one or a few acres or large tracts with
thousands of acres. They are part of a neighborhood, small town or city, consisting of
individual lots, connected by streets, often with sidewalks, and containing infrastructure
— a system of utilities, drainage servitudes and perhaps small parks, parking, schools and
other community facilities in the case of large developments. The answer to questions

as to what are the physical requirements of a subdivision can be found in the local town,
city or parish subdivision ordinances. The size and number of lots allowed, requirements
for road design and layout, utilities and other improvements are also described in the
subdivision ordinance. The location, shape and geometry of the lots, as well as the
alignment of the road system and other improvements in a proposed subdivision, are
determined by one or more professional consultants hired by the landowner to prepare
the subdivision map. This map would need to be approved by the local governing
authority (planning or engineering department). A process, sometimes referred to as the
subdivision planning process, would be the responsibility of a certified professional (land
surveyor, civil engineer or landscape architect). The process consists of the following
general steps:

1. Research subdivision regulations, subdivision design guidelines and other legal
requirements including:
a. Wetland designations and 100-year floodplain or FEMA Base Flood Elevation

requirements

b. Hurricane and other natural climate events and environmental conditions
c. Local and area surface drainage patterns.

2. Prepare a legal survey of the property.

3. Consult with governing authority to identify local restrictions, guidelines and
concerns.

4. Analyze existing physical conditions of the property including:
a. Existing tree and vegetative cover
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b. Surface drainage patterns
c. Topography and land forms — consider potential occurrence, frequency and
intensity of flooding due to seasonal rain or natural hazards such as tropical
storms
d. Soil properties (percolation and soil bearing capacities)
e. Traffic circulation patterns
f. Land use of adjoining properties
g. Existing utilities and servitudes
h. Local government and state building codes
1. Marketing studies.
5. Programming: establish land use (residential, commercial, etc.), lot and/or
building densities.
6. Develop one or more preliminary subdivision plans based on above research
and analysis for client and/or governing agency review. Select optimum plan.
7. Submit plan for review and approval by governing authority (planning and/or
engineering department).
8. Begin subdivision development activities after plan has been approved and
financing secured.

Figure 5-5A represents an “existing conditions” map of a town or neighborhood within
a city. Figure 5-5B shows a planning framework that identifies existing drainage and
vegetative patterns, roadway system and land use. Figure 5-5C illustrates the integration
of the existing natural drainage and greenway system in creating storm-resilient

subdivisions with flood detention areas and positive drainage.
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Figure 5-5A. Existing Conditions.
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Figure 5-5B. Proposed Areas for Subdivision Development.

Figure 5-5C. Rural Town with New Subdivisions.

5.4.3 A Real-Life Glimpse of Subdivisions that have Successfully
Integrated a Series of Storm and Flood Mitigation Measures
(Figure 5.6)

The measures work together in mitigating impacts from storm and flood events. A system
of flood drainage and detention areas are physically linked, producing greater storage and
drainage capacity than could be achieved with each subdivision designed independently.
The greenway system allows for an integrated trail and recreation system that links
schools, libraries and other public facilities to enhance quality of life and economic

values.
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Figure 5-6. Location of various design guidelines, numbered 1-7, which illustrate the points on
the map (Photos by B. Sharky, 2007).

" 39

1. Store and detain floodwater.
Incorporate pre-existing low-lying
areas, natural drainage swales

or streams into the layout of a
subdivision or whole neighborhood.
These areas are used to store or
detain flood water in the event of
heavy rain or storm. The area may
be seasonally dry in the case of low-
lying ground depression, or the area
can be excavated and shaped to serve a water storage function. In this example, the area
is part of a greenway system set aside for floodwater mitigation, as well as trail and park

functions.
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2. Redirect floodwater to a
pre-destined, more capable
location. Utilize existing drainage
swales, or create new drainage
swales to direct floodwater from
detention areas or from an existing
stream to a secondary stream, lake
or wetland designated for receiving
additional volumes of water

from adjacent neighborhoods or

subdivision.

3. Use vegetative buffers. Preserve existing stands
of trees, wetlands or other vegetative materials

for the purpose of buffering against seasonal and
potentially damaging strong winds or to reduce the

energy of storm surge.

4. Employ optimal building orientation. Locate buildings and other structures with
the narrow end facing into the traditional incoming storm and prevailing wind direction.
Where feasible, orient the narrow side of subdivision lots to face the traditional incoming

storm direction.
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5. Retain the connections of
greenway fragments. Attempt

to retain the interconnectedness
of naturally occurring greenway
corridors and natural drainage
systems. A healthy and cohesive
greenway system is one of the
least costly means for subdivision
protection and for mitigating

flooding from storms and heavy

rains.

6. Retain soils that promote
percolation. Maintain open space,
minimizing covering the ground
with impervious materials (asphalt,
concrete, buildings). Leave soils
that have better water percolation
characteristics unpaved, or if
pavement is required, use porous
materials. Soils with water

percolation values can be integrated

into a larger strategy of floodwater

mitigation.

7. Reduce potential blockage and
barriers. Selectively clear existing
and potential blockages along
drainage systems to allow wind

and water to move quickly through
without impediment. Remove

any barriers that would stop or
dramatically slow drainage and the
movement of floodwater. Implement

annual or bi-annual inspection of the

system and provide resources for its

maintenance.
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The above guidelines for subdivision design point out that landowners, developers and
local communities should determine the location of hazards that need to be avoided and
design subdivisions that place buildings in a safe location. This can be on high ground
if the concern is flooding. If the area needs to be avoided completely, the use of hazard
buffers, green space or setbacks can be utilized. This may be necessary for coastal
erosion zones, high-subsidence areas, floodways or high-velocity zones. Two examples
of subdivision lots designed to avoid hazards are provided from the FEMA Coastal

Construction Manual (Figures 5-7 to 5-8).

Lot

A
—g

Road | Long-Term Erosion |
Setback fi

and Storm Impact Zone

k Road

Figure 5-7. Subdivision Lot Buffers — It is up to each parish to determine which hazards can be
addressed through construction and which require a buffer or setback. Then, in the subdivision
process, deep enough lots can be created to accommodate storm events, long-term erosion
and road setbacks.  For effective mitigation, the size of the hazard buffer determines the
lot size. This differs from the traditional method of subdivision in which the size of the lot
determines the buffer. The traditional method may be necessary if the issue of hazards is
addressed too late in the development process (From FEMA. 2000. Coastal Construction
Manual, FEMA 55).
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LAYOUT HOT RECOMMENDED

Curmert Shoreline
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Figure 5-8. Subdivision Lot

Shore-Parals| Road Design —In this example, the use
of flag lots forces the placement
of three houses seaward of a

[
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may be migrating due to erosion,

¢ urert Sharelne sea level rise, subsidence or

ST e TR wetland loss. The recommended
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all the houses landward of the
“\l . future shoreline. Note that the
LotLines lower example allows the same

Building ="

oL density of construction (six units)
. . . . while  providing  significantly

greater protection from future

hazards (From FEMA. 2000.

ShoreParalel Road Coastal Construction Manual,

FEMA 55).

These examples are just some of the many ways to avoid hazards during subdivision
design. The keys are to know the location of hazards and to design the subdivision

to mitigate potential damage through creativity and flexibility in the land use process.
The Planned Unit Developments noted in the section for zoning, provide the necessary
flexibility by allowing the developer leeway to determine the size and geometry of
individual lots. This can result in creating a greater hazard buffer, while allowing almost

the same number of units to minimize adverse economic impacts.

5.5 Infrastructure Improvements

Subdivision design and infrastructure design go hand in hand, and it is common for
subdivision regulations to cover both of these issues. It would be difficult to create a
conceptual plan, preliminary plan, engineering plan or final plan of a subdivision without
including both the infrastructure and the location of buildings on the design plats. It is

important that hazard mitigation be addressed for both of these development stages.
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The placement of infrastructure is critical for the purposes of hazard mitigation.
Infrastructure can lead development toward a hazard area, thereby increasing the risk
for inhabitants, or guide it away from a hazard area, which would serve as a form of

mitigation.

The FEMA Coastal Construction Manual provides good examples how the layout of
roads can influence the placement of habitable structures and their susceptibility to

natural hazards. Three additional figures are provided (Figures 5-9 to 5-11).

Nags Head, North Carolina
Oceanfront Lot Requirements

Shoreline

Ocean Boulevard

Pre-1987 Post-1987
Beachfront Lots, Interior Lots Mandatory Ocean-to-Road
Seaward of Road Prevent Lot Configuration

Accommodation for Coastal Erosion

Figure 5-9. Nags Head, N.C. - Early subdivision design in North Carolina had an arterial road that
forced the creation of small lots seaward of the road, exposing homeowners to future hazards.
New design creates deep, narrow lots by eliminating the feeder road. Note that the new design
has almost the same density of construction, while being significantly safer since coastal hazards
can be more easily accommodated (From FEMA. 2000. Coastal Construction Manual, FEMA 55
and M. Morris. 1997. American Planning Association, Subdivision Design in Flood Hazard Areas:
Planning Advisory Service Report Number 473).
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LAYOUT NOT RECOMMENDED
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Figure 5-10. Subdivision Design for Feeder Roads — Feeder roads that are parallel to the coastline
may restrict lot size, thereby reducing the size of the hazard buffer and necessitating the placement
of utilities where they are subject to storm erosion or flooding (Top). The alternative is to eliminate
the shore-parallel road and serve coastal lots with roads perpendicular to the coastline (Bottom).
This will facilitate the creation of deeper, narrower lots along the coastline and will protect the utilities.
Shut-off valves for utilities can be placed on the feeder roads. Smaller lots along the shoreline in
the lower configuration may be redesigned for ocean access, public use or to accommodate a
smaller house. Regulatory flexibility is key (From FEMA. 2000. Coastal Construction Manual, FEMA

55).
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Alternative 1.
Conventional
Lot Layout

Alternative 2.
Modified Lot
Layout

Alternative 3.
Lot Layout with
Lot Line Changes

VEGETATION LINE. SHORaINE
Figure 5-11. Cluster Development — This figure is a comparison of a conventional lot layout with
a modified lot layout and a cluster layout to create a safety buffer zone. The placement of roads
determines the type of layout and the degree of protection from natural hazards. Clustering
development of streets, utilities and houses is an efficient and common land use tool to create the
necessary hazard buffer zones (From FEMA. 2000. Coastal Construction Manual, FEMA 55 and M.
Morris. 1997. American Planning Association, Subdivision Design in Flood Hazard Areas: Planning
Advisory Service Report Number 473).
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5.6 Lot Transfer or Purchase

After land is zoned for residential use in accordance with the comprehensive plan,
subdivided according to the applicable zoning rules and the comprehensive plan, and
supported with the appropriate infrastructure, the next step for the developer is either (1)
start construction of new residences and then sell the lot and home or (2) sell empty lots

where the lot purchaser will construct a new house.

The transfer of property is important to hazard mitigation for several reasons. First,
with any sale, a buyer-seller relationship is established and consumer protection issues
come into place, such as notice and fair practices. Parishes and local communities can
ensure that purchasers of lots or new houses have the proper notice of any potential
hazards. In the floodplain management regulations for St. Mary Parish, a key objective
is to ensure potential buyers are notified that property is in a flood area.?! Parishes and
local communities can require notification requirements in their floodplain, subdivision
or development permit regulations. All key hazards, especially those involving siting
measures, should be material issues with required disclosure during sale of a property.
Disclosure should be for past hazard events causing property damage, as well as
identified future risks (e.g., location within in a flood zone or existing erosion and

subsidence risks).

Second, with the sale of property, there are two parties involved — the developer and
homeowner. The concerns of each must be addressed. On one hand, the concern of the
developer is maximizing profit while creating a well-designed product. The concern for
the homeowner is acquiring a safe residence and protection from the elements. It is the
developer who is in the best position to address hazard mitigation dealing with siting of
structures during the design stage of a subdivision. The homeowner or lot purchaser will
not be in a position to provide this necessary mitigation. If the issue is not addressed
upfront, the homeowner could be placed at risk and suffer a greater financial and
emotional burden than if the landowner were required to mitigate risks up front. Thus,
the local community should provide protection to future homeowners by requiring the

necessary mitigation from those who propose large projects.

Finally, local communities and parishes can use principles grounded in consumer
protection to advance, in an accelerated manner, the principles of hazard mitigation and
building stronger. When safe building and hazard mitigation become a selling point of
lots and houses, the developers and builders that are the most progressive and innovative

will gain a competitive advantage. Local communities and parishes can advance this
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trend, thereby encouraging hazard mitigation with a minimum of new regulation. In

this way, market forces can be utilized to advance implementation of hazard mitigation

measures.
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Chapter 6

Construction Practices

Natural hazards pose myriad threats to homes, buildings and other structures.
Hurricane winds are a significant danger to landscapes and the built environment,
but the consequences of hurricane-related rain, floodwaters and fire can be equally
devastating. These threats are compounded by the effects of improper construction
practices and poor maintenance, which make not only the structures themselves, but

also adjacent properties, especially vulnerable to hurricane forces.

When adopting natural hazards mitigation strategies, it is important to consider both
where to build and how to build. The key to designing a durable structure, which

in the long term will minimize costs, is to understand how the forces generated by
natural hazards affect a building and what construction techniques or practices can
be implemented to counteract those forces. As will be discussed later, Louisiana
now has adopted a uniform construction code that contains specific design and
construction provisions calculated to reduce or eliminate structural damage resulting

from hazard events.

6.1 Hurricane Threats and Effects
The common impacts of hurricanes on structures and landscapes can be grouped into
effects from three general categories:

1. Wind and water pressure, including wind- and water-borne objects.

2. Saltwater or heat causing changes in the chemical composition of the object
or structure.

3. Persistent dampness and heat enabling mildew, mold and fungus to attack
materials and damage structural systems.

The most dangerous threats to a well-maintained building are likely to be from
wind-blown debris and storm waters. Once wind-blown debris has punched even a
small hole through windows, building walls or roofing, rainwater can enter interior
spaces and cause considerable damage. The wind-generated storm surge of seawater
— a vastly more potent threat — can pack the force of a fast-moving freight train,
uprooting trees, dislodging buildings from their foundations and collapsing walls and
roofs. In addition to the sheer power of its impact, the salt and silt in storm surge can
be especially damaging to vegetation and building components. Torrential rains also

cause severe flooding as storm sewers are overwhelmed by the enormous volume of
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water. Drainage systems become clogged with debris, causing water to backup in gutters,
downspouts and yard drains. As this water saturates and softens the soil, the likelihood
increases for trees to uproot and foundations to fail. When wind and water forces move
buildings and uproot trees, natural gas pipes and electrical lines can be damaged. The
dangerous mixture of gas and sparks dramatically increases fire hazards at a time when
fire fighting effectiveness is compromised by tree-blocked roadways and incapacitated

community water systems.

6.2 Hurricane Forces at Work
6.2.1 Air Pressure

Since interior air pressure can be dramatically higher than exterior air pressure during

a hurricane, there is temptation to open windows on the downwind or leeward side of
the building to equalize the air pressure. However, the National Institute of Business
and Home Safety recommends against equalizing pressure by opening windows. The
key is to keep the wind- and rain-resistant envelope of the structure intact by protecting
windows and doors. Once there is an opening in the house, debris, water and hurricane-
force winds can enter and make the home more hazardous. Also, there is no guarantee
that opening windows will equalize pressure. Furthermore, it is hard to determine the
leeward side because a storm’s wind direction may change if the eye passes over. To

relieve internal roof pressures, however, make sure attic space is adequately vented.

Enclosed Building Fartially Enclosed Building

Figure 6-1. Effects of Wind Loads on a Structure — It is important to maintain the building enve-
lope to avoid the types of internal wind loads show in the house on the right (From FEMA. 2000.
Coastal Construction Manual, FEMA 55).
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6.2.2 Uplift
Hurricane winds and waters can dislodge buildings from their foundations. Decay of
structural components at the base of a raised wooden structure can seriously weaken the
connection between the building and its foundation piers or stemwalls. Ensure that your

building is securely attached to a sound foundation system to reduce the effects of uplift.

6.2.3 Detached Elements
Make sure that exposed surface elements such as architectural trim, roofing materials
and ornamental fixtures are securely attached to the structure. Detached elements can

endanger lives and damage other buildings.

Figure 6-2. Air pressure and uplift worked to detach this roof from the rest of the structure.
These types of forces can be mitigated against through the use of stronger connections, such
as hurricane clips (Photo by B. Kennedy, 2006).

6.2.4 Lateral Loads
Structures that do not have adequate diagonal bracing can collapse in hurricane-force
winds. Careless, inappropriate modifications to exterior walls and interior spaces
can compromise a building’s structural integrity. Many properties constructed of
unreinforced masonry may also have inadequate lateral reinforcement, making these
structures especially susceptible to the effects of hurricane winds and water surges. A
qualified contractor or structural engineer must be consulted to ensure the structural
stability of such buildings.
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Figure 6-3. This home was forced off of its foundation by lateral loading (Photo by B. Kennedy,
2006).

6.2.5 Projectiles
Debris propelled by hurricane winds or waters can easily puncture the exterior envelope
(or skin) of a building. Use shutters or pre-cut plywood panels to protect windows and
doors, and make sure that roofing and siding are properly installed and well-maintained to

serve as a protective envelope.

6.3 Design Considerations

Post-hurricane damage assessments often reveal that older, well-maintained buildings
can fare better than buildings that were constructed more recently. Louisiana building
traditions were based on high-quality wood and masonry construction materials. Builders
understood that structures had to withstand difficult climate conditions, including
hurricane forces. Many of the oldest residential and commercial structures in south
Louisiana have hipped roofs, extended eaves and generous porches. Steep-pitched roofs
effectively shed both wind and water; deep overhangs protect sidewalls and windows
from rain and sun; and a deep porch provides shade while acting as lateral reinforcement
for the building’s structure. Buildings were typically placed on piers or columns to
promote ventilation and to raise living quarters above damp soils and floodwaters. A
raised building on an open foundation of piers reduces wind resistance by allowing air to
circulate under the structure instead of becoming trapped at the intersection of wall and

ground.
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The older structures that suffered significant damage in storms were those that were
already in an advanced state of decay, due primarily to poor maintenance. Similarly,
inadequately supervised construction practices exacerbate the destructive forces of a
hurricane and provide graphic evidence of the need for enactment and enforcement of

appropriate construction codes for hurricane-prone areas.

In remodeling or expansion projects, it is important to evaluate not only the visual
appearance and exterior envelope of existing buildings, but also the integrity of structural
systems before making changes. Structures that are basically rectilinear generally fare
better in hurricanes. Excessive appendages (such as dormers), complicated building
footprints and excessive areas of exposed surfaces (high vertical walls and gable ends)
conspire to make the structure a more effective wind catcher, increasing the probability

of damage.

6.4 The Louisiana State Uniform Construction Code

As previously noted, many of the structural damages caused by natural hazards can be
mitigated through the implementation of stronger construction methods. Accordingly,

in 2005, the Louisiana Legislature adopted a statewide uniform building code in order to
“maintain reasonable standards of construction in buildings and other structures in the
state consistent with the public health, safety and welfare of its citizens.”' The Louisiana
State Uniform Construction Code (LSUCC), based largely upon codes developed by the
International Code Council (ICC), went into effect statewide in January 2007.2 Although
“uniform,” the LSUCC prescribes different standards based upon various factors, such
as building use, construction method and the geography of the building site. With some

exceptions, the ICC standards apply to:?

* New construction

* Reconstruction

* Additions to homes previously built to the International Residential Code (IRC)

* Extensive alterations (where value of new work exceeds 50 percent of total
value of structure)

* Repair of buildings and other structures
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Renovated /Remodeled Pre-FIRM Building in V Zone. Substantial Improvement.

NFIP-Compliant
Existing Bullding In V Zone Renovated,/Remodeled Building
Extarior
renovated s
Intarior
remadaled
. ﬂi]
T
HFE—l BFE
Battom of |owest hofizontal
struciural member 8t or above BFE
Existing pre-FIRM building below BFE Requirement: Renovated, remodeled bullding must be elevated

to or abowe BFE on open (pile/column) foundation with bottom
of kywast horizontal strectural member at or abowe BFE.

Figure 6-4. When an owner makes substantial improvements or additions to an existing home,
the LSUCC mandates that the entire structure meet IRC standards. This may require that an
entire structure be raised above BFE (From FEMA. 2005. Home Builder’s Guide to Coastal
Construction, Fact Sheet No. 30, FEMA 499-CD).

The requirements for building a home to code can differ from one site to another,
depending on the expected hazards. Homes in hurricane-prone regions in Louisiana*
must withstand reasonably anticipated wind and flood hazards (including surge, waves
and scour, where applicable). “Reasonably anticipated” has been determined for wind
and flood hazards throughout Louisiana. For flood hazards, the International Building
Code specifically references FEMA’s flood insurance studies and maps produced as part
of the National Flood Insurance Program.> For flood hazard areas, the IRC dictates that
the lowest floors of a structure shall be elevated to or above design flood elevation.® The
design flood elevation shall accommodate the base flood elevation, which the IRC defines
as “the depth of peak elevation of flooding (including wave height) which has a 1 percent
(100-year flood) or greater chance of being equaled or exceeded in any given year.””’
Thus, under the LSUCC, a house on a site that has a reasonable chance of flooding to a
depth of 3 feet will be required to have its first floor 3 feet above natural ground; a house
in an area not likely to flood can be at-grade. The IRC also advocates the use of flood-

resistant materials.®

Homes in hurricane-prone regions must be able to endure high winds.® The wind-
resistance performance standards for coastal construction are defined in terms of basic

wind speed, which is the minimum the home must be designed to withstand.'” The wind
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speed map (Figure 6-5) indicates that homes along the coast should anticipate Category
3 hurricane conditions (110-130 mph winds) in the southwest and Category 4 conditions
(131-155 mph winds) in the southeast. Significantly, all parishes fronting the Gulf of
Mexico fall within wind zones at or above 110 mph. The LSUCC Web site contains the
applicable wind speeds for each parish, listed according to the ZIP code + 4."" Homes

designed in these hazard areas should be built using wind-resistant designs, including:

* Stronger materials

* Stronger connections between materials
* Metal straps and clips

* Wood that bridges joints

* Anchors

* Cables

2003 IRC/IBC Wind Speed Map - State of Louisiana

IRC hurricane resistant provisions required only in areas with
wind speeds greater than 110 mph.

Wind borne debris region includes areas greater than 120 mph.
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Figure 6-5. Louisiana Wind Speed Map (Courtesy of the Institute for Home & Business Safety).
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For existing structures, many opportunities exist to add flood, wind and water resistance
to a home when doing repairs, restoration or routine maintenance. For example, when
you are replacing roof shingles and felt:

* Add nails to the roof deck;

* Tape the seams where roof-decking panels meet so they will not leak;

* Use a more weather-resistant synthetic “felt” material;

* Choose hurricane-rated shingles or other roofing; and
* Follow hurricane installation guidelines.

When the roof sheathing is being repaired or replaced in existing structures, use the
opportunity to add hurricane clips at the wall-to-rafter joint (figure 6-6). Strapping,
sheathing and anchors can be added, too, when the wall structure is exposed during repair

or renovation projects.

Figure 6-6. Existing home retrofitted with hurricane clips (Courtesy of LSU AgCenter).

Strengthening the home can be beneficial, even if the upgrade doesn’t meet the
requirements for new construction. In those cases, the code can be used as a guide or a
goal, as it is often difficult to retrofit existing homes so that they are as strong as those
designed and built to the new code. Code compliance may also be required, depending on
the extent of the renovation project. Furthermore, Louisiana law now requires insurance
companies to provide a “discount, rate differential, adjustment in deductible, or any

other adjustment” to insured customers who “build or retrofit a structure to comply with
the requirements of the State Uniform Construction Code.”'?> Thus, insurance premium
discounts are applied when an owner builds or retrofits a structure to code compliance,
installs damage mitigation improvements or retrofits property utilizing construction

techniques demonstrated to reduce the amount of loss from a windstorm or hurricane.
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The benefits of building to code are numerous and include:

* Providing reasonable safeguards for health, safety, welfare, comfort and security
* Balancing durability with affordability

* Lower long-term costs due to use of durable construction materials

* Greater storm resistance

* Reduced insurance premiums

6.5 Design Loads

One of the key elements of the LSUCC is adoption of the construction standards designed
to fortify structures against the various physical forces associated with natural hazards.'
Land use planning, zoning and other siting strategies seek to avoid or minimize these
destructive forces by locating structures and infrastructure out of harm’s way. Since it

is difficult to avoid all natural hazards, especially in coastal Louisiana, there is a need to

implement and promote stronger building methods.

Construction standards are based upon the type and strength of physical forces that
structures in a given location can expect to encounter. The force exerted on a structure is
termed a “load” and forms the basis of the resistance calculations. In coastal Louisiana,
the primary loads are wind and water (or flood) loads. For wind and flood loads, the
LSUCC incorporates the wind- and flood-resistant provisions of the International
Building Code, which in turn specifically adopts other recognized construction standards
such as the ASCE 7, ASCE 24 and SSTD 10.'* The FEMA Coastal Construction Manual
(CCM) contains excellent discussions of the different site-specific loads and includes
formulas for calculating those loads."* The manual also summarizes the load-resistance

techniques detailed in the various construction standards mentioned above.

6.5.1 Water or Flood Loads
Water loads are those forces exerted on a structure and its components by flood waters
(figures 6-7 and 6-8). The FEMA Coastal Construction Manual specifies four different
types of flood loads:

* Hydrostatic, including buoyancy or flotation effects (from standing water, slowly
moving water and non-breaking waves)

* Breaking wave

* Hydrodynamic (from rapidly moving water, including broken waves and tsunami
runup)

* Debris impact (from waterborne objects)!®
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Figure 6-7. Hydrostatic loads on buildings (From FEMA. 2007. Design Guide for Improving
Critical Facility Safety from Flooding and High Winds, FEMA 543).

The best method for avoiding flood loads is to place key components of the structure
several feet above the Base Flood Elevation (BFE). Still, a structure’s supporting
elements, such as columns, piers and walls must be designed to withstand flood loads.
The integrity of the supporting structures can be weakened by flood loads and by storm
erosion, scour and long-term erosion, thereby decreasing the foundation’s load-bearing
capacity and “resistance to lateral and vertical movements.”"” To design a flood-resistant
structure, the builder must incorporate the force of all flood loads into the calculations.'®
In V Zones, the calculations will include the wave impact load." The tables in Chapter
11 of the FEMA Coastal Construction Manual contain formulas and examples of how to

calculate flood loads for a given structure.
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Figure 6-8. Hydrodynamic loads on buildings (From FEMA. 2000. Coastal Construction Manual,
FEMA 55).
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6.5.2 Wind Loads
Structures throughout Louisiana are subject to the high winds associated with hurricanes
and tornadoes. When designing a wind-resistant structure, it is necessary to calculate
wind loads for the structural frame and for building components and cladding.*® The
FEMA CCM notes that “many building failures start because a component or piece of

cladding is blown off the building, allowing wind and rain to enter the building.”!

When wind is allowed to enter the building, the external and internal pressures working
on the structure can create a situation where the structure essentially may be blown apart
(figure 6-9). This is why openings need to be protected with windows that are impact
resistant or covered with shutters or other devices that are impact resistant. This will
help to create a wind- and rain-resistant envelope. If opening protection is not in place,
the building needs to be designed for higher internal pressure than required for enclosed

buildings.

Approximate Increases in

Negative Pressures

107 = 8= 45°
“rm Rool Slope

Figure 6-9. Increases in negative pressure from wind entering the building envelope (From
FEMA. 2000. Coastal Construction Manual, FEMA 55).

6.5.3 Continuous Load Path
A hazard-resistant structure must withstand all of the different types of loads that may
be encountered, which often occur at the same time. Consequently, the design should
include calculations for all the various loads and for each component of the building.
The FEMA CCM notes that, ultimately, all loads will be “transferred to the foundation,”
so each connection “must be strong enough to transfer the load without breaking.”?? The
concept is known as the “continuous load path connection” and is crucial to an effective

design.
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The continuous load path connection ensures that each component of a building is
connected through a series of links, similar to a chain (figure 6-10 and 6-11). For
example, the “chain” will “run from the roof covering, to the roof support, to the top
plate of the exterior wall, to the wall studs, to the window frame, to the exterior wall, to
the floor frame, to the support beam or column.” Each component is linked to another,
and structural integrity is maintained as long as each connection in the load path does not

break or fail.

The integrity of the building envelope is largely dependent on the type, strength and
location of fasteners that hold the structural frame, components and cladding together.
The building codes contain tables of fastener size and spacing for the various elements.*
Furthermore, the building should incorporate “hurricane clips” or other similar fasteners,
which hold together key components of the structure and are crucial to building a wind-

resistant structure.

Rafter-to-Top Plate
Connections:

Transfer forces from
the roof to the top plate

Top Plate-to-Stud
Connections:

Transfer forces from
the top plate to the stud

Floor-to-Floor
Connections: Stud-to-Sill Plate

Transfer forces from
the second story to
the first story

Sill Plate-to-Foundation
Connections:

Transfer forces from the
mudsill into the foundation

Connections:
Transfer forces from
wall studs to the mudsill

©2008 Simpson Strong-Tie Company Inc.
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Figure 6-10. Key components of
continuous load path connections
(Courtesy of Simpson Strong-Tie).
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Figure 6-11. Diagram depicting important links in continuous load path design (From FEMA.
2005. Home Builder’s Guide to Coastal Construction, Fact Sheet No. 10, FEMA 499-CD).

6.5.4 Window Protection
Designing a structure to withstand wind and flood loads is partially dependent on
maintaining the integrity of the building envelope, which in turn may depend upon a
structure’s window protection. Thus, windows in buildings located in windborne-debris
regions must have their glazed openings protected from flying debris. In Louisiana, the
windborne-debris region is the area south of the 120-mph line on the basic wind speed
map (Figure 6-5).> Window protection systems have to meet the requirements of the
large-missile test of an approved impact-resisting standard. For one- and two-story
buildings, the code allows wood panels, such as plywood, to be used for protection of
windows if they meet certain minimum specifications.? The panels must be at least 7/16-
inch thick, and they must span no more than 8 feet.?” Panels must be precut and large
enough to attach to the framing that surrounds the window — not to the window frame

itself. Screw sizes and spacing (see Table 6-1) are provided in the code for buildings with
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a mean roof height of 33 feet or less and where wind speeds do not exceed 130 miles per

hour.?®

Table 6-1. Screw size and spacing for wood panels (Adapted from International Code Council.
2006. International Residential Code).

Table 6-2. Advantages and disadvantages of different types of window shutters (From FEMA.
2005. Home Builder’s Guide to Coastal Construction, Fact Sheet No. 26, FEMA 499-CD).

Quality window shutters (Figure 6-12 and 6-13) can be effective protection against
hurricane wind and water (Table 6-2). Make sure that hinges, frames and louvers are in
good working order. Taping window glass prior to a storm affords little protection, and

your efforts should be invested on more productive preparation tasks.

118



L

Colonial shutters Bahama shutter Roll-up shutter Accordion shutter

Figure 6-12. Different types of shutters used for window protection (From FEMA. 2005. Home
Builder’s Guide to Coastal Construction, Fact Sheet No. 26, FEMA 499-CD).

Figure 6-13. Permanently installed Bahama shutters provide light and shade when opened and
protection from wind-borne debris when closed (Photo by D. Hwang, 2007).

6.6 Louisiana House and other Educational Tools*

LaHouse on Louisiana State University’s Baton Rouge campus is a good example of
home construction that incorporates hazard-resistant design standards advanced in

the building codes (figure 6-14). The demonstration home features current building
technologies and systems. One of the primary goals for LaHouse is to educate the public
on ways to reduce damages from hurricanes and floods. LaHouse addresses a wide range

of current issues including:

National energy independence Formosan subterranean termites
Hurricanes and floods Warm, humid climate

Pollution prevention Threatened drinking water supplies
Waste management Aging population

Asthma, mold and other indoor air hazards Economic vitality

Barriers to technology transfer Unstable fuel costs

119



All technologies and systems balance a set of five criteria: (1) resource efficiency, (2)
durability (especially during floods and hurricanes), (3) health (indoor air quality and
universal design), (4) convenience and (5) practicality, including cost effectiveness

and marketability. This also involves inclusion of different price-performance points.
Another key issue is taking a dual approach to technology transfer in the region, which is
primarily served by small, custom site-builders and, lacking in local production, builders
or factory-built housing. The LaHouse strategy is to educate both the consumer (to

generate demand) and the builder (to accommodate the demand).

As a result, LaHouse Resource Center is an educational attraction and a trusted, one-
stop source of research-based information, demonstrations and credible solutions for the
local climate, conditions and culture. In addition, LaHouse is forging new partnerships
with industry leaders, agencies and organizations to become a regional training center for
housing contractors, designers, inspectors and other professionals. A variety of locally
tailored training offerings, including best practices for rebuilding after the storms, are

anticipated or in development.

Figure 6- 14. LaHouse demonstration home under construction at Louisiana State University
(Photo by P. Ouder, 2008).

LaHouse features a range of alternative solutions along the cost-benefit and technology

continuum, from low cost to high end, including:

* Four wind-, water- and termite-resistant, energy-efficient building systems:
borate-treated 2x4 wood frame with engineered wood products, 2x6 advanced
framing, structural insulated panels and insulating concrete forms — all
with hurricane connectors (figures 6-15 to 6-17), rain screen drainage planes
and other details that demonstrate the voluntary EnergyStar and Fortified for
Safer Living guidelines (130 mph wind resistance), as well as moisture control
and mold-prevention.
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* A low-cost, severe-weather safe room suitable for Louisiana risk level

* Three elevated foundation systems for flood zones and dry-floodproofing
and wet-floodproofing demonstrations

* Two long-life, hail- and hurricane-resistant cool roofing systems with upgraded
underlayments for secondary moisture protection

* Three heating, cooling, ventilation and dehumidification systems for high
comfort, efficiency and indoor air quality

* Nine types of energy-efficient windows and a variety of impact-resistant
protections are planned

* Universal design and family-friendly features

* Advanced, energy-efficient appliances, lighting, controls and structured wiring

* Lo- maintenance, long-life, green and locally produced products

* High-performance, water-saving fixtures and strategies are planned

Figures 6-15, 6-16 and 6-17. In the LaHouse model home, hurricane straps are used to com-
plete the continuous load path connection. The stud to single plate connector helps secure the
house frame to its foundations and helps the home better withstand uplift. For new construction,
the additional cost of implementing stronger connections may be minimal (Figures 6-15 and 6-16,
photos by D. Hwang, 2007; Figure 6-17, photo courtesy of LSU AgCenter).

6.7 Landscaping

Landscape features are especially important in considering protection strategies. Well-
cared-for trees of appropriate, native species can help mitigate the impact of hurricane
winds on buildings. Poorly placed and poorly maintained trees and other landscape
elements will likely be the greatest cause of property damage (figures 6-18 and 6-19).
Think of a well-conceived and maintained landscape as not only a valuable esthetic asset,

but also the first line of defense in a hurricane.

Unfortunately, landscape features are typically inadequately maintained, making them
especially susceptible to hurricane damage. In spite of damage caused to buildings

by wind-thrown trees and limbs, some native tree species contribute to the protection
of buildings by breaking the force of hurricane winds. The Louisiana Department of
Agriculture and Forestry is a source of information on native tree and plant species that

are conditioned to meet the challenges of Louisiana’s climate and soils. Also note that as
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a rule of thumb, FEMA recommends that a tree be placed a distance away from a building

equal to the height of a full-grown tree.

The Urban Forestry Program supports efforts that promote the planting and maintenance
of trees in Louisiana communities. Information concerning urban forest planning, tree
ordinances, planting recommendations and tree care is available from the program, as
are grant funds for developing urban forest initiatives and acquiring “Tree City USA”

standing.*

6.8 Inspecting the Building and Yard for Hurricane

Preparedness
6.8.1 Roof

* Roof sheathing and shingles must be securely fastened to the roof structure
(rafters) using hurricane clips and appropriate carpentry techniques. Most roof
failures in hurricanes occur due to improper installation of roofing systems or
because of poor maintenance practices.

* Roof flashings around vent pipes are often sources of water leaks, and
inappropriate maintenance responses typically involve thick coats of roofing
mastic or other sealants. A good roof will significantly prolong a building’s
useful life. Fixing leaks right the first time is the most cost-effective approach to
damage control and mitigation. Flashing and counter-flashing must be properly
installed at all through-roof fixtures such as ventilators and chimneys, and at all
roof/wall joints. The liberal use of roofing cement, tar and other sealants is not an
acceptable substitute for good roofing practices.

* Ensure that components such as parapet copings and cornices are securely
attached and that roofing joints are properly sealed against water penetration.

» Make sure all roof drains and scuppers are clear and working properly. Water that
finds its way into wall cavities through leaky drainage systems is a major cause of
damage to building systems.

* Properly installed drip edges on roofs help keep sheathing, trim and side walls
dry and sound.

* Check masonry chimneys for deteriorating mortar joints and loose or broken
bricks. Repoint joints with an appropriate mortar mix and maintain flashing and
counter-flashing at the roof line.

* Failures in the roofing system not only lead to extensive water damage to a
structure’s interior, but failed roof components such as shingles and sheathing
become potent missiles that cause significant damage to other structures when
propelled by hurricane-force winds.

122



6.8.2 Exterior Walls

» Make sure that all exterior siding and trim are securely attached to the building
frame.While increasing energy efficiency, a well-maintained building skin also
reduces the threat of costly interior damage from wind-driven rain.

* Failures in mortar joints will permit water to penetrate masonry walls and
damage interior insulation, structural systems and finishes. Carefully clean
deteriorated mortar out of joints and repoint with a mortar mix that is softer
than the surrounding masonry units.

* Check ornamental trim to ensure that it is in good repair and securely
attached to the building. The loss of ornamental wood or cast iron elements
such as scrollwork, finials, grilles, screens and fretwork can be expensive, and
replacements are likely to be difficult to locate or fabricate.

* In addition, substitute materials are often inferior in performance and appearance
to the original fabric.

* Loose ornamental objects such as lighting fixtures can cause extensive damage
as they flail against the building in hurricane winds, and detached objects become
dangerous projectiles that threaten both structures and human lives.

6.8.3 Windows and Doorways

* In anticipation of a storm, protect windows with storm shutters or cover them
with pre-fitted plywood sheathing. Windows are usually broken by wind-blown
debris, and the popular precaution of applying tape to the glass is of negligible
value.

* A common cause of water penetration is the incorrect installation or failure of
flashing at the joint between a porch roof or sidewalk canopy and the facade.
Make sure that this joint has proper flashing and counter-flashing.

* Fabric window awnings should be removed from their frames as a hurricane
approaches. Bare frames that are securely attached to the building structure
are more likely to survive hurricane-force winds. Large sidewalk awnings are
particularly susceptible to uplift forces from hurricane winds, and the joint
between the building and awning or canopy should be checked for soundness.
Steel chain or cable hangers also should be checked for signs of wear or
weakness.

6.8.4 Yard

* Clean all walk and yard drains, and make sure that drainage lines are working
properly. Even minor flooding caused by blocked drainage systems can cause
costly damage to landscaping and on-grade installations of air-conditioning and
heating systems.
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* Fences must be structurally sound, and fence posts must be solidly anchored
to the ground. Gates should be tied or wired shut to secure them from hurricane
winds.

* Make sure that potential hurricane projectiles such as mail or newspaper boxes
are securely attached to fences or exterior walls. When a hurricane approaches,
remove any unsecured objects such as potted plants, benches and chairs from
porches, yards and patios.

6.9 Interiors

A building’s interior finishes and furnishings are especially at risk to hurricane rain

and flood damage. Their security depends on the protective functions of roofing, walls,
doors and windows. In a hurricane, the building will be assaulted by tree limbs and

other airborne projectiles such as ripped shingles, siding, lawn furniture or recreational
equipment that has been left in the yard. Once the building envelope has been penetrated,
water can quickly ruin surface finishes, plaster, drywall, paneling, flooring, furniture, wall

hangings, and mechanical and electrical systems.

6.9.1 Before the Hurricane

* Close and lock windows and glassed areas before boarding them up. Draw
drapes and window blinds across windows and glass doors to protect against
flying glass if shattering occurs.

* Remove loose objects from balconies, porches and terraces. Secure any moveable
objects such as benches, shutters, doors or gates.

* Move all furniture or merchandise away from windows and toward the middle
of the room in the highest location possible in the building. Cover furnishings
with plastic sheets or tarps, and secure coverings with tape.

* Remove objects such as pictures, paintings, bric-a-brac and clocks from walls.
Pack breakables in padded cartons or wrap in securely taped plastic and place in
the center of the room. If there is a threat of flooding, the easily movable objects
should be placed in second-story rooms or attic spaces.

* Remove all bulbs, lamps, mirrors and glass furniture. Put them in the bathtub
or in boxes in the middle of the room.

* In cases of evacuation, disconnect sewer and water lines where practical. Shut
off the gas supply at the meter. Disconnect all electric appliances except for the
freezer and refrigerator. Their controls should be turned to the coldest setting to
preserve food as long as possible.
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6.9.2 After the Hurricane
« First make sure the electricity is turned off.

* Immediately examine the exterior and interior of the structure for evidence
of water penetration, and secure reinforced tarps and plastic sheeting over any
damaged areas of the roof and exterior walls.

* A sagging plaster or drywall ceiling can be evidence of severe water leaks.
Be cautious, since saturated plaster-based products are extremely heavy and
hazardous. Carefully drain all water trapped in ceilings and completely remove
all saturated drywall or failed plaster walls and ceilings. Wet drywall will
continue to deteriorate and harbor mildew and must be replaced. Saturated plaster
may not need replacement, but will take a long time to dry. Do not repaint plaster
until it is completely dry. Monitor plaster walls and ceilings as they dry to ensure
that the plaster remains securely attached to the lath that supports it. Make sure
that plaster lath has not detached from its structural supports.

» Water may be trapped in wall cavities and must be drained. Remove the
baseboard and use a hand or cordless drill (for plaster), or a knife (for drywall),
to make holes about 2 inches above the floor. Each cavity between wall studs will
require a drain hole (every 16 to 24 inches depending on stud spacing). After the
water has drained, leave the holes uncovered to ventilate the cavity and promote

drying.
» Water-saturated fiberglass and cellulose insulation in walls and ceilings that are
part of the thermal envelope must be removed and replaced.

« If water is standing in your building, it will be difficult to tell whether the
structure is safe. Use extreme caution, and even if there has been a power outage,
make sure the electricity is disconnected at your building’s main breaker box
before you enter the structure.

* Severe wind and water disasters can cause buildings to flex and move, increasing
the possibility of damage to water supply, waste and natural gas lines. Be on the
lookout for any signs of gas leaks, and immediately shut off the gas supply at the
meter if leaks are detected.

* Check the building foundation and exterior steps for cracks or other evidence
that the storm wind or water has moved the structure or damaged foundation
components. Look at the roof for signs that structural walls have shifted or failed.
Sags in the roof ridge at the middle or the gable ends of the building are
indications of possibly severe structural problems. Check porches and
overhanging roofs to ensure that structural supports are still in place. Other
indications of possible structural damage are doors and windows that cannot be
opened after the storm because of structural distortions.

* To prevent additional damage by post-storm rains, use plastic sheeting and duct
tape to cover damaged chimneys and through-roof vents as quickly as practical.
Damaged roof, wall and window openings can also be protected with plastic
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sheeting or tarps held in place by wooden nailer strips at the edges of the opening.
Check all plumbing for water leaks that will continue to damage to your building.

* Only hire professional contractors who have the necessary expertise and
appropriate credentials. Make sure that the contractors you hire are bonded and
insured. Remember, both property and lives are endangered when unqualified
contractors are hired. If hurricane damage is such that a building requires prompt
repairs to prevent additional damage, and qualified contractors cannot get to the
project immediately, make temporary repairs to protect the building.

6.10 Streetscapes and Landscapes

In recent years, many south Louisiana communities have initiated streetscape
improvements in their business and residential districts. Landscaping, benches, tables

and chairs, trash receptacles, canopies, awnings, banners, signs and street lights are

often installed or upgraded as part of community revitalization efforts. Such streetscape
furnishings, if improperly designed or installed, can become destructive projectiles in
hurricane-force winds. Specifications for selection, installation and maintenance of such
elements should reflect an understanding of hurricane effects as well as principles of good
design.

Additionally, there are clear indications that healthy trees can mitigate the effects of
hurricane winds and reduce storm damage to south Louisiana structures. However,
even a minor storm can cause a tremendous amount of damage to the trees themselves,
especially those that have systemic defects, are diseased or are poorly maintained.
Property owners should seek the advice of a qualified arborist in identifying and
removing hazard trees before the next storm strikes. Moreover, placing trees too close
to buildings or placing buildings too close to mature trees can result in damage to root
systems and foundations, making both the tree and the structure more vulnerable to
hurricane forces. Site improvements such as concrete sidewalks or driveways can also

weaken or cut root systems and make a tree more likely to uproot in storm winds.

6.10.1 Before the Hurricane

* Prior to the storm, exterior banners, signs, flower baskets and other decorative
elements should be removed or secured.

* Such elements can cause extensive damage as they flail about in hurricane winds,
and they become dangerous projectiles that threaten structures and lives.

* Fabric awnings should be removed from their frames prior to a hurricane. Bare
frames that are securely attached to the building structure are more likely to
survive hurricane-force winds.
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* Street furniture, such as waste cans, planter boxes and benches, and vending
machines that are not anchored to the pavement should be removed from the
street to an area protected from wind.

* Carefully select appropriate native or adapted species for landscape
enhancements.

* Avoid ground trenching near trees or placing improvements such as sidewalks
and driveways too close to established trees.

* Avoid planting large trees near utility lines or too close to buildings.
* Remove structurally unsound limbs from densely canopied trees.

* Prune vegetation and remove limbs that threaten building roofs. Notify the utility
company for removal of limbs that threaten power or phone lines.

» Annually inspect your landscape to identify hazard trees that have been weakened
by disease, utilities work or construction activities. Check for trees whose roots
may threaten gas, water and sewer lines. Consult with an arborist about hazard
trees and vegetation.

* Strengthen or reinforce vulnerable limbs of valuable trees by having an arborist
install flexible cabling or rigid bracing.

* Keep trees healthy and vigorous by watering, fertilizing and protecting
surrounding soil from compaction.

* Reduce the risk of lightning damage for large, prominent trees with an
appropriately grounded halo of lightning rods.

6.10.2 After the Hurricane

* Carefully assess landscape damage and ongoing threats. Many hurricane-related
injuries occur during post-storm cleanup activities.

 Healthy trees can serve as a protective buffer against storm forces, so avoid
making hasty or inadequately informed decisions about tree removal.

* Consult with a qualified arborist to determine what landscape recovery and
management actions need to be taken to preserve and protect landscape assets.
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Figures 6-18 and 6-19. Healthy, well-maintained trees can help mitigate the effects of hurricanes
and help protect nearby structures by reducing wind flow. However, poorly maintained or
diseased trees located too close to a home can cause serious damage (Photos by B. Kennedy,

2006).
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CHAPTER 7

Legal Issues'

When government exercises its “police power” to protect the safety and welfare of its
citizens, conflicts can occur when the use of private property is affected. On the other
hand, government can act, or fail to act, in such a way that the risk of natural hazards
is created or increased. There are legal issues associated with both of these situations,
and the perception of these issues can affect the interaction between government

and the public and, ultimately, may inhibit governments in performing their proper

functions.

Government action or inaction that creates or increases natural hazards, specifically
flooding has been studied by the Association of State Floodplain Managers (ASFPM),
a professional organization that works to reduce the loss of human life and damage to
property resulting from flooding and works to preserve the natural and cultural values
of floodplains.> ASFPM has conducted extensive research into the legal aspects of
local government involvement in floodplain management® and has concluded that an
approach to flooding problems called “No Adverse Impact” (NAI) is the best way

for local governments to both mitigate flood hazards and avoid legal pitfalls.* NAI
floodplain management is “an approach that ensures that the action of one property
owner does not adversely impact the properties and rights of other property owners,
as measured by increased flood peaks, flood stage, flood velocity, and erosion and
sedimentation in public works projects, development permitting and other activities.”
NAI floodplain management measures undertaken by a state or local government can
and should, when necessary, go beyond minimum federal floodplain management

requirements. The ASFPM maintains that:

“Communities which adhere to a No Adverse Impact approach in
community decision-making and activities that affect the floodplains will
decreasethe potential for successful liability suits from a broad range of
activities, such as road and bridge building, installation of storm water
management facilities, construction of flood control works, grading,
construction of public buildings, approving subdivisions and accepting
dedications of public works, and issuing permits.”*

The report on NAI floodplain management recently released by the ASFPM discusses
in detail a wide spectrum of case law in which communities were sued for their roles

in contributing to flood damage.” Many of these suits were successful. The report
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also discusses the implications of NAI floodplain management in property rights law,
including takings claims against governmental entities. The NAI report concludes that
“from a Constitutional law perspective, courts are very likely to uphold community
regulations which adopt a No Adverse Impact performance standard against claims of
unreasonableness or ‘taking’ of private property without payment of just compensation.”®
That is not to say that there will be no successful challenges to community floodplain
regulations under takings or other theories, but courts are generally willing to uphold the
regulations when it is clear that public safety is at stake. It would behoove Louisiana’s
local government leaders and regulators to examine the NAI report closely for general
guidance on floodplain regulation issues available at Attp.//www.floods.org/PDF/ASFPM _
NAI Legal Paper 1107.pdf.

7.1 Government Liability in Louisiana

Louisiana case law has established some parameters for local government responsibility
in floodplain management. Undoubtedly, these parameters will change under the
onslaught of serious disasters such as Hurricanes Katrina and Rita, probably establishing
a higher standard for government’s role in preventing its citizens from placing themselves
in harm’s way. In the case of Eschete v. City of New Orleans, the plaintiff sued the city
for authorizing the building of new subdivisions in an area that the city knew was subject
to flooding and which resulted in the flooding of the plaintiff’s home.’ The City of New
Orleans asserted that the plaintiffs had no cause of action. The Louisiana Supreme Court

disagreed:

The City of New Orleans seeks to avoid the effect of these allegations by
asserting that it has no control over drainage and that, under LSA-R.S.
33:4071, such drainage is the sole responsibility of the Sewerage and Water
Board. Assuming that the statute does vest the responsibility for drainage
in the Sewerage and Water Board, the cause of action against the City is
unaffected. The plaintiffs are seeking to hold the City, not for failing to
provide adequate drainage, but for fault in adding new subdivisions, thus
increasing the volume of water in the drainage area. In effect, according to
the petition, the power to grant or withhold consent for new subdivisions in
the Pines Village drainage area effectively controlled the volume of water
being discharged in that area.'”

For its fault, the City may be held liable.!!

The reasoning in Eschete has been followed in several other Louisiana cases for such

actions as failing to conduct building code inspections,'? approving new subdivisions with
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the knowledge that they would “overtax” the drainage system and cause flood damage,'
approving new subdivisions and performing public works projects that increased surface
runoff,'* and faulty design or improper operation of a municipal sewerage system. '
Adherence to the NFIP’s minimum 100-year flood standards can be a defense,'® but if
the government knows these standards will not offer sufficient protection, then the NFIP

standards may not be an absolute defense."”

Louisiana case law makes it clear that local governments can be found liable in Louisiana
for actions that cause or increase the severity of flooding. Fine factual distinctions and
expert evidence will be important in these situations. Most local governments in coastal
Louisiana have assumed responsibility for protecting their residents from flooding
through levee and drainage boards,'® thereby making implied assurances that their actions
will not exacerbate flooding. If followed at the parish and community level, the NAI
principles laid out by the Association of State Floodplain Managers can help protect local

governments from liability for flooding."

7.2 Professional Liability

Governments are not the only parties that need to be concerned with liability resulting
from failure to account for the effects of hazards in their actions. Professionals such

as architects, engineers and surveyors have also been increasingly held responsible for
damages from natural hazards when their actions in some way caused or exacerbated the
damage by design, siting, etc.?’ This exemplifies the increasing tendency of courts to cast

a wider net in finding parties liable for damage from natural hazards.

7.3 See No Evil?

A question that has yet to be answered definitively in Louisiana is whether governments
may be held liable for allowing development in hazardous areas when they know the
extent of the risk but have not assumed responsibility for preventing the hazard. For
example, after Hurricanes Katrina and Rita, detailed maps were produced that clearly
defined the extent of the storm surge from both storms.?' That data were conveyed to
the affected local governments (or is readily available to them) for planning purposes.?
If those governments have control over development in the hazardous areas and do not
prevent development that threatens life and property, are they liable for damage resulting
from well-known and documented hazards? The debate regarding government’s duty to
protect people from themselves is ongoing nationwide and spans many activities.” The
NAI research found, in general, that courts have been reluctant to impose an affirmative

duty on governments to protect people from entirely natural flooding.** However, the
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report stated that there are exceptions and that courts are moving in the direction of
finding governments liable more often.?® Increased knowledge and predictive capabilities

are likely to change the legal equation, especially as major disasters continue.

Of course, minimum compliance with the NFIP standards will be used as a defense by
governments, but in light of the massive amounts of information available on storm
surge, subsidence, sea level rise and other factors that tend to exacerbate flood hazards,
it will become increasingly difficult for governments to claim they are doing all they can
do to foster public safety when it is well known that compliance with the NFIP does not
necessarily protect the public adequately.?® At a minimum, express warnings of the flood
hazard should be mandated, and property owners should be required to acknowledge

in a legally binding document that they understand and accept the consequences of
disregarding the options available to protect themselves from flooding. Full disclosure
of the true risks and hold harmless agreements should be required for all real estate,

financing and insurance transactions affecting the subject property.

7.4 Takings

The other legal issue that concerns governments is takings claims for interference with
private property. Governments often must place restrictions on the use of private property
in order to advance legitimate public goals, such as making people safer from flooding.
If the level of interference with private property use is great, there is a possibility that the

property owner can successfully sue the government for compensation for his loss.

The prohibition against governmental taking of private property is rooted in both the
federal and state constitutions. The Fifth Amendment to the U.S. Constitution, made
applicable to the states via the Fourteenth Amendment, provides: “No person shall ... be
deprived of life, liberty or property without due process of law; nor shall private property

be taken for public purpose, without just compensation.”?’

The Louisiana Constitution states:

Every person has the right to acquire, own, use, enjoy, protect and dispose
of private property. This right is subject to reasonable statutory restrictions
and the reasonable exercise of the police power.

Property shall not be taken or damaged by the state or its political subdivisions

except for public purposes and with just compensation paid to the owner or
into court for his benefit.
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In every expropriation or action to take property pursuant to the provisions
of this Section ... the owner shall be compensated to the full extent of his
loss. Except as otherwise provided in this Constitution, the full extent of the
loss shall include, but not be limited to, the appraised value of the property
and all costs of relocation, inconvenience and any other damages actually
incurred by the owner because of the expropriation.?

This provision makes three things very clear. First, there is an affirmative right to own
property. Second, property owners are entitled to compensation if their property is taken
or damaged by the state or its political subdivisions. Third, the right to own property is

subject to reasonable statutory restrictions and exercises of police powers.

Generally speaking, there are two types of governmental takings that would give rise
to a legal action on the part of the property owner: (1) those that involve the physical
dispossession of the private property owner and (2) those that reduce the value and use of
the property so as to constructively constitute dispossession.?’ This latter class of takings
is referred to as “regulatory takings,” “inverse condemnation” or (at least in Louisiana in
certain circumstances) “appropriation.” This is the category of takings that arises from
land use controls and regulations of the sort being considered here.*' For purposes of this
discussion, these types of takings are referred to as “regulatory takings.”Since it is clear
that a regulatory land use program can sometimes trigger compensable takings,* the key
questions become:

(1) When does a given program effect a compensable taking?

(2) What amount of compensation is due?

7.5 WhatIs an Actionable Regulatory Taking?
7.5.1 Regulatory Takings under Federal Law

The basic elements of a regulatory takings claim under federal law are well established

if not entirely clear.>® Two discrete categories of regulatory takings have been recognized
that give rise to a categorical obligation to compensate without requiring any specific
factual inquiries about the particular case.** The first category comprises regulations that
require a landowner to suffer a permanent “physical invasion,” and the second consists of
regulations that deny all economically beneficial or productive use of the land.* In these
two sorts of cases, the government is clearly obligated to compensate the landowner,

except in limited circumstances.*®

While there are instances where regulations deny the landowner all economic value of
the land, the usual scenario under the second category of takings involves situations in
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which some, but not all, of the beneficial or productive use of the land has been denied.
In such cases, compensation may be due to the property owner based upon a balancing of
the public interest involved, the economic impact of the regulation on the property owner,
and the extent to which the regulation interferes with the property owner’s investment-

backed expectations.?’

In general, the sort of land use measures being considered here would fall under the
second category. Despite the apparent clarity of these rules, they are anything but precise
in their application.*® Questions about the nature and extent of the property interest at
issue continue to arise, as do the source and nature of the “police power” being asserted
through the land use regulation. Compensation for interference with the use of property
may not be due if the property interest at stake is subject to a constraint that is based on

a traditional public interest, such as protection from a nuisance or the necessity to protect
public welfare.* In such cases there is no abridgment of a private property right because,
when the private property right was created, the government effectively reserved the right

to act in certain situations.*

The concept of reasonable-investment backed expectations is important in the approach
to land use controls taken by this guidebook in Chapters 4 and 5. It encourages that

a flexible, light-handed approach to planning and zoning be used first, followed by
gradually stronger measures, leading to new laws and regulations if necessary to achieve
the goals of public safety. This guidebook also urges the institution of the chosen
approach in the earliest possible stage of development. These strategies help avoid
successful takings claims in two ways. First, the light-handed, voluntary approach will
not trigger takings claims because it does not require the property owner to alter the
use of his or her property and, therefore, is not state action. Second, even when new
regulations are necessary, starting at the earliest possible stage of development prevents
the buildup of expectations and acceleration of property value. It is also, of course, a

fairer way to deal with property owners.

The ASFPM’s research uncovered very few successful takings claims under the Fifth
Amendment of the U.S. Constitution for government regulations designed to protect
against flooding. The report also found that when takings claims are made, courts have
widely upheld state and local flood protection regulations that exceed the NFIP minimum

standards.*!
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7.5.2 Regulatory Takings under Louisiana Law
Until recently, regulatory takings under Louisiana law usually have been controlled by
the distinctive standards of the Louisiana Constitution that govern land use and regulatory
actions by the state and its political subdivisions.** In 2003 and 2006, the Louisiana
Constitution and statutes were amended to provide that, in the case of property rights
“affected by coastal wetlands conservation, management, preservation, creation, or
restoration” or “lands and improvements actually used or destroyed in the construction,
enlargement, improvement, or modification of federal or non-federal hurricane protection
projects, including mitigation related thereto,” compensation shall not exceed that

required under the Fifth Amendment to the U.S. Constitution.*

A compensable taking may arise under Louisiana law, whether or not expropriation
proceedings have been initiated, when government restrictions interfere with the free use
and enjoyment of property.* It is clear that such regulatory land use actions as zoning
or rezoning may result in a taking.* It also is clear that a compensable taking does not
result merely because a property owner is unable to develop his property to its maximum
economic potential.*® Whether a taking has occurred in a given case depends on three
factors:

(1) Is a legally recognized private property right affected?

(2) Has that property right been taken or damaged?

(3) Was the taking or damaging for a public purpose?

The answer to each of these questions must be “yes” for a compensable taking or
damaging to have occurred.”” Assume for discussion that a property interest exists. Under
federal law, there is a requirement that the property interest be supported by a “distinct
investment-backed expectation,” but that is generally not the case under Louisiana law.*®
This can (and does) lead to takings cases being pursued under Louisiana law that would
not be allowed under federal law.* This disparity is one of the reasons for the recent
changes to the Louisiana Constitution, designed to bring Louisiana and federal takings
law into harmony for hurricane protection and coastal conservation and restoration
projects — the types of initiatives increasingly likely to be undertaken in partnership with

the federal government.*

Although investment-backed expectations are not required for a successful takings
claim under the Louisiana Constitution such expectations may still play a role in state
takings law. The distinction between Louisiana and federal law is that investment-

backed expectations come in more at the damages level rather than as an element of a
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takings claim itself. Of course with Louisiana now having adopted, however inartfully,
the federal approach to handling takings claims in the area of coastal restoration,
conservation and protection, we should expect a bout of confusion in our jurisprudence

as we sort out where the lines are drawn and try to figure out the rules and trends under
federal law. The important point is that whichever way investment-backed expectations
are factored into takings claims, the strategies in Chapters 4 and 5 will assist governments

in avoiding successful claims for the reasons discussed above under federal takings law.

The second prong is a question of fact, based on whether the government’s act “destroyed
a major portion of the property’s value or eliminated the practical economic uses of the
property.”! Louisiana jurisprudence indicates that actions taken to reduce flooding risk
are “manifestly evident” to be a valid public purpose. In a recent case, the court’s holding
seemed to leave little doubt that regulatory actions taken to avoid or abate flooding or
other risks would be evident as a public purpose, even though the case actually involved
a drainage project.’? This conclusion is supported by the well-established principle

that the authority to zone flows from the government’s police power and that there is

a presumption that zoning ordinances are valid.>® Given the statements made in the

State Coastal Master Plan about the importance of land use planning and nonstructural
approaches to managing risk in coastal Louisiana, it seems apparent that the enhanced
use of zoning and similar development controls (under the Coastal Zone Management
program for the purpose of safeguarding life and property and for facilitating the
conservation and restoration of the coastal landscape) would be a manifestly evident

public purpose.>

Louisiana courts have generally upheld zoning regulations against takings claims,
especially when those regulations are related to public safety. However, a landowner who
is deprived of all economic value of the property affected by the regulation will have a

much stronger argument for a taking.>

Some longstanding principles of Louisiana law coincide quite closely with federal takings
law. As noted above, Article I section 4 of the Louisiana Constitution expressly notes

that private property rights are not absolute but subject to reasonable exercises of police
power and to statutory restrictions.> Further, the notion that some property rights have
been reserved by the state, at least in some situations, is fully consistent with Louisiana’s
doctrine of appropriation, which has been explained as “the exercise of a pre-existing but

previously unexercised public right.””’
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In coastal Louisiana, the application of hazard mitigation-driven zoning laws would fall
largely on the wetter regions of the coast — its swamps and marshes. In that context, the
potential for triggering compensable takings claims seems very limited for three reasons.
First, it seems doubtful that such rules would result in a complete denial of the economic
uses of the land. Since most of these areas are not readily amenable to residential or
commercial development without extensive leveeing and drainage, their economic value
has been rooted more in hunting, fishing, timbering, mineral extraction and eco-tourism

— all of which are activities that, within certain boundaries, would still be pursuable.

Second, most of this area is already pervasively regulated under the Clean Water Act, the
Rivers and Harbors Act of 1899 and the Coastal Zone Management Act.’® Therefore, the

degree to which there is a reasonable investment-backed development expectation would
be limited.

Finally, there is a strong case that the importance of reducing risk exposure and restoring
the coast has become a matter of such pressing urgency that hazard mitigation-driven
land use controls are a matter of public necessity under Louisiana’s police power.> In at
least one case, the Louisiana Supreme Court told private property owners affected by the
Caernarvon freshwater diversion that even if a coastal restoration project “did entirely
deprive them of all economically beneficial and productive use of their property rights,”
they were not entitled to compensation because the project “was a valid exercise of the

7% Tn the context of state and federal efforts to

state’s police power under federal law.
develop comprehensive programs to restore the coast and protect lives, property and vital
infrastructure, there seems to be no basis for distinguishing between a river reintroduction

project and land use controls that are part and parcel of the same program.

7.6 How Much Compensation Is Due?

Assuming that a land use regulation has caused a taking, the question becomes one of
how much compensation is due to the property owner. The answer depends on whether
Louisiana is applying its general takings law or federal law, and on the facts of each case.

The difference can be significant.®!

In general, federal law requires only that “just compensation” be paid, which has come to
mean the fair market value of the “taken” property right.*> Louisiana law is different and
has changed over time. At present, state law provides not only for “just compensation,”

but also for the affected property owner to be compensated to the “full extent of his
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loss.”® As noted earlier, the Louisiana Constitution makes it clear that this is more

than just the fair market value of the property. It also includes all costs of relocation,
inconvenience, and any other damages actually incurred, and this has been supported in
the courts.** This clearly goes beyond what is required by the U.S. Constitution and even

beyond what would be recoverable under Louisiana tort law.%

Recent amendments to the Louisiana Constitution have established exceptions to

the general constitutional requirement of compensation to the full extent of the loss.
Government actions in the course of coastal restoration or hurricane protection that

take or damage property rights have been determined to warrant compensation only

to the extent of fair market value. Therefore, whether land use controls will be judged
under the federal standard or the general Louisiana standard really depends on whether
those controls are found to be an integral part of the state’s hurricane protection efforts

or its coastal wetlands conservation, management, preservation, creation or restoration
program. If either of these is the case, then the federal standard would be used, through
the application of Louisiana Constitution Articles 1 Section 4 (F) and (G) and 6 Section
42, and R.S. 49:213.10.% Given the priority Louisiana has placed on reducing risk to life
and property in its coastal region, and on preserving and restoring its coastal environment
as set forth in the Coastal Master Plan (adopted unanimously by the Legislature), a
strong case exists for concluding that hazard mitigation-focused land use regulations

are to be analyzed under the federal standard. A strong case also could be made that,

in some instances, the need for such regulation is a matter of public necessity so that
compensation is not required, regardless of which standard is applied. Of course, the facts

of each case will be largely determinative.
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CHAPTER 8

Summary and Conclusions

A major adjustment is needed in how people live in Louisiana’s coastal areas. Changing

environmental conditions are increasing the risk of storm hazards.

Experience tells us that while structural storm protection such as levees can play an
important role, it will never afford the level of security desired or necessary to sustain
coastal communities over generations. The same can be said of coastal restoration efforts.
Failures will always occur, and the effort and expense for construction and perpetual
maintenance are prohibitive. Louisiana’s coastal zone is a dynamic system, built over
millennia by constant changes, expansions and contractions. Attempting to make that
system static with structural barriers and other alterations will change and even destroy
its basic character, and likely make it a more dangerous place for humans to occupy.
The goal of sustainable habitation in Louisiana’s coastal zone would be better served by
planning for and adapting to the inevitable changes. The advantages to this approach are
that it can be done now without waiting for the federal or state government to act, and it

affords known protection and a last line of defense should other measures fail.

This guidebook discusses land use planning and construction techniques that can be used
at every stage of the development process to steer people toward safer decisions about
where and how to build. It also discusses existing regulatory programs, both federal and
state, that can compliment and assist local governments in planning for hazards. The
techniques described may be used individually or as part of comprehensive planning.
They may be adopted in a number ways, from merely providing knowledge of the hazard
risks to promulgating new regulations to address the risks. In between these two extremes

there are a number of other measures governments can employ.

Local governments will have to decide how aggressively they will act to protect their
citizens. The decision of whether or not to be more paternalistic in protecting the public
should be made in light of the real possibility of governments incurring liability for
causing or exacerbating hazards by failing to control risky development. That concern
should, of course, be balanced against the possibility of owing compensation to property
owners for interference with property rights. However, the paramount government
function of protecting public health and safety is often a successful defense against claims

for compensation by property owners.
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One of the key strategies of hazard mitigation planning discussed in this guidebook is
involvement at the earliest possible stage of development, which has advantages for

property owners, builders and government agencies.

When landowners know early-on of the development potential of their property, they

can make better decisions on how to maximize their investment and make best use of
their land. Local governments benefit from early planning by having more options to
accommodate property interests while still protecting public safety and welfare. And the
community also benefits when allowed input into land use decisions early in the process.
For example, a community’s desire to turn vulnerable areas into open space or parks to
serve the dual purpose of preventing risky development and providing public recreational
opportunities is much more feasible at the earlier stages when the price of land is lower,

making expropriation, land swaps or property controls fairer and less costly.

Since consumers ultimately bear the brunt of the consequences of poor planning, they
should be informed about the true hazard risks and characteristics of property they are
buying or developing. Often this is not the case because there are no requirements for
disclosure to purchasers of extreme or long-term risks, even though those risks are known
to be frequent and inevitable. Laws requiring disclosure of known hazards would go a
long way toward fostering personal responsibility for the avoidance of bad decisions that

increases exposure to natural hazards.

Recommendations
* State, parish and local decision makers should consider the guidebook a reference
on how to accomplish the concepts presented. Local governments should attempt
the flexible, light-handed approach before adopting a regulatory approach.

* Local, parish and state planning commissions should become familiar with
the ideas and concepts presented in the guidebook and include them in their
comprehensive planning processes and decisions.

* Local and state governments should prepare comprehensive plans that include and
address natural hazards mitigation as well as rebuilding after an event.

* Local and state planners should rely on information and studies from the scientific
community with the same level of confidence they give engineering studies.

* Elevation of structures and nonstructural measures are viable options for flood
damage reduction, as an alternative to structural measures such as levees and
floodgates.

* Sea level rise and subsidence should be factored into establishing first-floor
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elevations. The first floor should be set using the sum of: Base Flood Elevation
(BFE) + Sea Level Rise (SLR) + Subsidence + Free Board. SLR and subsidence
should be based on the best science for a 50-year horizon.

Anyone rebuilding or rehabilitating structures in flood-affected areas should

use the information, ideas and concepts noted in this guidebook, FEMA Coastal
Construction Manual, and FEMA Recommended Residential Construction for the
Gulf Coast. These publications are available from www.fema.gov, through the
state floodplain management office in the Louisiana Department of Transportation
and Development and from parish and local floodplain offices.

Developers in the Louisiana coastal zone should avoid high-risk areas, such
as eroding shorelines, regions of rapid and prolonged subsidence and zones of
historic storm surge.

In the event voluntary measures are not successful, local and state governments
should revise their ordinances and laws to require mitigation above the minimum
federal standards.

The Louisiana Legislature should revise the State and Local Coastal Resources
Management Act to give greater attention to natural hazards within the state’s
permit process.

State, parish and community decision makers should understand their community
and personal legal liabilities and responsibilities as they address natural hazards
and the requirements of the National Flood Insurance Program.
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The majority of the definitions included below are taken directly from the FEMA Coastal Construction
Manual. The terms and concepts are also described in further detail in relevant chapters of this guidebook.

100-year flood — See base flood.
500-year flood — Flood that has as 0.2-percent probability of being equaled or exceeded in any given year.

A Zone — Under the National Flood Insurance Program, area subject to inundation by the /00-year flood
where wave action does not occur or where waves are less than 3 feet high, designated Zone A, AE, Al-
A30, A0, AH or AR on a Flood Insurance Rate Map (FIRM).

Base flood — Flood that has as 1-percent probability of being equaled or exceeded in any given year. Also
known as the /00-year flood.

Base Flood Elevation (BFE) — Elevation of the base flood in relation to a specified datum, such as the
National Geodetic Vertical Datum or the North American Vertical Datum. The Base Flood Elevation is the
basis of the insurance and floodplain management requirements of the National Flood Insurance Program.

Breakaway wall — Under the National Flood Insurance Program, a wall that is not part of the structural
support of the building and is intended through its design and construction to collapse under specific lateral
loading forces, without causing damage to the elevated portion of the building or supporting foundation
system. Breakaway walls are required by the National Flood Insurance Program regulations for any
enclosures constructed below the Base Flood Elevation beneath elevated buildings in Coastal High
Hazard Areas (also referred to as V' Zones). In addition, breakaway walls are recommended in areas where
floodwaters flow at high velocities or contain ice or other debris.

Building code — Regulations adopted by local governments that establish standards for construction,
modification and repair of buildings and other structures.

Coastal A Zone — For the purposes of this guidebook, the portion of the Special Flood Hazard Area
landward of a V' Zone or landward of an open coast without mapped V' Zones (e.g., shorelines of the Great
Lakes), in which the principal sources of flooding are astronomical tides, storm surge, seiches or tsunamis,
not riverine sources. The flood forces in coastal A Zones are highly correlated with coastal winds or coastal
seismic activity. Coastal A Zones may, therefore, be subject to wave effects, velocity flows, erosion, scour,
or combinations of these forces. See 4 Zone and non-coastal A Zone. (Note: the National Flood Insurance
Program regulations do not differentiate between coastal A Zones and non-coastal A Zones.)

Coastal barrier — Depositional geologic feature such as a bay barrier, tombolo, barrier spit or barrier island
that consists of unconsolidated sedimentary materials; is subject to wave, tidal and wind energies; and
protects landward aquatic habitats from direct wave attack.

Coastal Barrier Resources Act of 1982 (CBRA) — Act (Pub. L. 97-348) that established the Coastal
Barrier Resources System (CBRS). The act prohibits the provision of new flood insurance coverage

on or after Oct. 1, 1983, for any new construction or substantial improvements of structures located on
any designated undeveloped coastal barrier within the CBRS. The CBRS was expanded by the Coastal
Barrier Improvement Act of 1991. The date on which an area is added to the CBRS is the date of CBRS
designation for that area.

Coastal flood hazard area — Area, usually along an open coast, bay or inlet, that is subject to inundation
by storm surge and, in some instances, wave action caused by storms or seismic forces.

Coastal High Hazard Area — Under the National Flood Insurance Program, an area of special flood

hazard extending from offshore to the inland limit of a primary frontal dune along an open coast and any
other area subject to high-velocity wave action from storms or seismic sources. On a Flood Insurance Rate
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Map, the Coastal High Hazard Area is designated Zone V, VE, or V1-V30. These zones designate areas
subject to inundation by the base flood where wave heights or wave runup depths are greater than or equal
to 3 feet.

Comprehensive Plan — Large-scale plan developed by a community that encompasses all aspects related to
development within the community and guides future development decisions. Creation of the plan is often
the first step in the development process and covers topics such as siting, land use issues and proper zoning
for hazard risk areas.

Connector — Mechanical device for securing two or more pieces, parts or members together. Examples
include anchors, wall ties and fasteners.

CPRA (Coastal Protection and Restoration Authority) — State agency given the responsibility of
coordinating efforts of local, state and federal agencies to accomplish coastal restoration and flood control
in Louisiana.

CWPPRA (Coastal Wetlands Planning, Protection and Restoration Act) — Passed in 1990, federal
statute that provides funds for projects that create, protect, restore and enhance wetlands in coastal
Louisiana. Also known as the “Breaux Act.”

Debris — Solid objects or masses carried by or floating on the surface of moving water.

Debris impact loads — Loads imposed on a structure by the impact of flood-borne debris. These loads are
often sudden and large. Though difficult to predict, debris impact loads must be considered when structures
are designed and constructed.

Design flood — The greater of either (1) the base flood or (2) the flood associated with the flood hazard area
depicted on a community’s flood hazard map or otherwise legally designated.

Design Flood Elevation (DFE) — Elevation of the design flood, or the flood protection elevation required
by a community, including wave effects, relative to the National Geodetic Vertical Datum, North American
Vertical Datum or other datum.

Design flood protection depth — Vertical distance between the eroded ground elevation and the Design
Flood Elevation.

Development — Under the National Flood Insurance Program, any manmade change to improved or
unimproved real estate, including but not limited to buildings or other structures, mining, dredging, filling,
grading, paving, excavation or drilling operations or storage of equipment or materials.

Eminent domain — The right of a government, under its police power, to acquire private property for
public use. If the government fails to pay just compensation to the property owner, the acquisition of the
property is termed a taking.

EPA (Environmental Protection Agency) — Federal agency charged with administration and enforcement
of various environmental statutes, such as the National Environmental Policy Act, Clean Water Act, Clean
Air Act and Ocean Pollution Act.

Erosion — Under the National Flood Insurance Program, the process of the gradual wearing away of land

masses. In general, erosion involves the detachment and movement of soil and rock fragments, during a
flood or storm or over a period of years, through the action of wind, water or other geologic processes.
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Federal Emergency Management Agency (FEMA) — Independent agency created in 1979 to provide
a single point of accountability for all federal activities related to disaster mitigation and emergency
preparedness, response and recovery. FEMA administers the National Flood Insurance Program.

Flood — Under the National Flood Insurance Program, either:
(a) a general and temporary condition or partial or complete inundation of normally dry land areas from:
(1) the overflow of inland or tidal waters,
(2) the unusual and rapid accumulation or runoff of surface waters from any source, or
(3) mudslides (i.e., mudflows), which are proximately caused by flooding as defined in (2) and are
akin to a river of liquid and flowing mud on the surfaces of normally dry land areas, as when earth
is carried by a current of water and deposited along the path of the current; or
(b) the collapse or subsidence of land along the shore of a lake or other body of water as a result of erosion
or undermining caused by waves or currents of water exceeding anticipated cyclical levels or suddenly
caused by an unusually high water level in a natural body of water, accompanied by a severe storm, or by
an unanticipated force of nature, such as flash flood or abnormal tidal surge or by some similarly unusual
and unforeseeable event which results in flooding as defined in (1), above.

Flood-damage-resistant material — Any construction material capable of withstanding direct and
prolonged contact (i.c., at least 72 hours) with floodwaters without suffering significant damage (i.e.,
damage that requires more than cleanup or low-cost cosmetic repair, such as painting).

Flood elevation — Height of the water surface above an established elevation datum such as the National
Geodetic Vertical Datum, North American Vertical Datum, or mean sea level.

Flood hazard area — The greater of the following: (1) the area of special flood hazard, as defined under
the National Flood Insurance Program, or (2) the area designated as a flood hazard area on a community’s
legally adopted flood hazard map or otherwise legally designated.

Flood insurance — Insurance coverage provided under the National Flood Insurance Program.

Flood Insurance Rate Map (FIRM) — Under the National Flood Insurance Program, an official map

of a community on which the Federal Emergency Management Agency has delineated both the special
hazard areas and the risk premium zones applicable to the community. (Note: The latest FIRM issued for a
community is referred to as the effective FIRM for that community.)

Flood Insurance Study (FIS) — Under the National Flood Insurance Program, an examination,
evaluation, and determination of flood hazards and, if appropriate, corresponding water surface elevations,
or an examination, evaluation, and determination of mudslide (i.e., mudfiow) and/or flood-related erosion
hazards in a community or communities. (Note: The National Flood Insurance Program regulations refer
to Flood Insurance Studies as “flood elevation studies.”)

Flood of record — The highest observed or recorded flood in a given area.

Floodplain — Under the National Flood Insurance Program, any land area susceptible to being inundated
by water from any source.

Floodplain management — Operation of an overall program of corrective and preventive measures for

reducing flood damage, including but not limited to emergency preparedness plans, flood control works,
and floodplain management regulations.
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Floodplain management regulations — Under the National Flood Insurance Program, zoning ordinances,
subdivision regulations, building codes, health regulations, special-purpose ordinances (such as floodplain
ordinance, grading ordinance and erosion control ordinance) and other applications of police power. The
term describes such state or local regulations, in any combination thereof, which provide standards for the
purpose of flood damage prevention and reduction.

Freeboard — Under the National Flood Insurance Program, a factor of safety, usually expressed in
feet above a flood level, for the purposes of floodplain management. Freeboard tends to compensate
for the many unknown factors that could contribute to flood heights greater than the heights calculated
for a selected size flood and floodway conditions, such as the hydrological effect of urbanization of the
watershed.

Hazards planning — The process through which public entities anticipate the possible effects from natural
hazards and then develop and implement measures to reduce or eliminate potential damage to life and
property.

High-velocity wave action — Condition in which wave heights or wave runup depths are greater than or
equal to 3 feet.

Hurricane — Tropical cyclone, formed in the atmosphere over warm ocean areas, in which wind speeds
reach 74 miles per hour or greater and blow in a large spiral around a relatively calm center or “eye.”
Hurricane circulation is counter-clockwise in the Northern Hemisphere and clockwise in the Southern
Hemisphere.

Hurricane clip or strap — Structural connector, usually metal, used to tie roof, wall, floor and foundation
members together so that they can resist wind forces.

Hydrodynamic loads — Loads imposed on an object, such as a building, by water flowing against and
around it. Among these loads are positive frontal pressure against the structure, drag effect along the sides
and negative pressure on the downstream side.

Hydrostatic loads — Loads imposed on a surface, such as a wall or floor slab, by a standing mass of water.
The water pressure increases with the square of the water depth.

Investment-backed expectations — Broadly refers to the benefits a purchaser, developer or investor
expects to derive from a real estate acquisition or development project beyond the mere value of the
land itself. The reasonable investment-backed expectations are taken into consideration when a court
determines whether an appropriation of property or land use regulation amounts to an unlawful taking.

Loads — Forces or other actions that result from the weight of all building materials, occupants and their
possessions, environmental effects, differential movement and restrained dimensional changes. Permanent
loads are those in which variations over time are rare or of small magnitude. All other loads are variable
loads.

Lowest floor — Under the National Flood Insurance Program, the lowest floor of the lowest enclosed area
(including basement) of a structure. An unfinished or flood-resistant enclosure, usable solely for parking of
vehicles, building access or storage in an area other than a basement is not considered a building’s lowest
floor, provided that the enclosure is not built so as to render the structure in violation of National Flood
Insurance Program regulatory requirements.

Marsh — Wetland dominated by herbaceous or non-woody plants often developing in shallow ponds or
depressions, river margins, tidal areas and estuaries.
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Master Plan — Common term used to refer to the “Integrated Ecosystem Restoration and Hurricane
Protection: Louisiana’s Comprehensive Master Plan for a Sustainable Coast Plan” developed by CPRA.
The plan’s objectives are to achieve comprehensive hurricane protection and coastal restoration.

Mean sea level (MSL) — Average height of the sea for all stages of the tide, usually determined from
hourly height observations over a 19-year period on an open coast or in adjacent waters having free access
to the sea.

Mitigation — Any action taken to reduce or permanently eliminate the long-term risk to life and property
from natural hazards.

National Flood Insurance Program (NFIP) — Federal program created by Congress in 1968 that makes
flood insurance available in communities that enact and enforce satisfactory floodplain management
regulations.

Natural hazards — Term used to denote physical phenomena that threaten or adversely affect people and
property. Hurricanes, tornadoes and floods are types of natural hazards.

New construction — For the purpose of determining flood insurance rates under the National Flood
Insurance Program, structures for which the start of construction commenced on or after the effective

date of the initial Flood Insurance Rate Map, or after Dec. 31, 1974, whichever is later, including any
subsequent improvements to such structures. (See Post-FIRM structure.) For floodplain management
purposes, new construction means structures for which the start of construction commenced on or after the
effective date of a floodplain management regulation adopted by a community and includes any subsequent
improvements to such structures.

Non-coastal A Zone — For the purposes of this manual, the portion of the Special Flood Hazard Area in
which the principal source of flooding is runoff from rainfall, snowmelt, or a combination of both. In non-
coastal A Zones, floodwaters may move slowly or rapidly, but waves are usually not a significant threat to
buildings. See A Zone and coastal A Zone. (Note: the National Flood Insurance Program regulations do not
differentiate between non-coastal A Zones and coastal A Zones.)

Nonpoint source pollution — Pollution that cannot be traced to a specific source or discharge point.
Nonpoint source pollution may result from various types of land use practices, such as agriculture and
mining, and frequently enters the water system as runoff or drainage. See also point source pollution.

Nonstructural measures — Flood protection measures that focus on the human component of mitigating
damage from floods, as opposed to structural or “hard” measures. Nonstructural measures include zoning,
hazard forecasting and flood insurance. See also structural measures.

Point source pollution — Pollution that can be traced or attributed to a single identifiable source, such as a
pipe, culvert, sewer, ditch, channel or well. See also nonpoint source pollution.

Police power — The right of a government to enact legislation that regulates conduct or property in order
to promote public health, safety and welfare. Zoning ordinances and building codes are examples of
legislation enacted under a state’s police power.

Retrofit — Any change made to an existing structure to reduce or eliminate damage to that structure from
flooding, erosion, high winds, earthquakes or other hazards.

Scour — Removal of soil or fill material by the flow of flood waters. The term is frequently used to

describe storm-induced, localized, conical erosion around pilings and other foundation supports where the
obstruction of flow increases turbulence. See erosion.
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Shoreline retreat — Progressive movement of the shoreline in a landward direction caused by the
composite effect of all storms, sea level rise, subsidence and sediment deficit considered over decades
and centuries (expressed as an annual average erosion rate). Shoreline retreat considers the horizontal
component of erosion and is relevant to long-term land use decisions and the siting of buildings.

Special Flood Hazard Area (SFHA) — Under the National Flood Insurance Program, an area having
special flood, mudslide (i.e., mudflow) and/or flood-related erosion hazards, and shown on a Flood Hazard
Boundary Map or Flood Insurance Rate Map as Zone A, AO, A1-A30, AE, A99, AH, V, V1-V30, VE, M or
E.

State Coordinating Agency — Under the National Flood Insurance Program, the agency of the state
government or other office designated by the governor of the state or by state statute to assist in the
implementation of the National Flood Insurance Program in that state.

Storm surge — Rise in the water surface above normal water level on the open coast due to the action of
wind stress and atmospheric pressure on the water surface.

Storm tide — Combined effect of storm surge, existing astronomical tide conditions and breaking wave
setup.

Structure — A walled and roofed building. For floodplain management purposes under the National Flood
Insurance Program, the definition may include a gas or liquid storage tank that is principally above ground,
as well as a manufactured home. For insurance coverage purposes under the NFIP, structure means a walled
and roofed building other than a gas or liquid storage tank that is principally above ground and affixed to a
permanent site, as well as a manufactured home on a permanent foundation. For the latter purpose, the term
includes a building while in the course of construction, alteration or repair, but does not include building
materials or supplies intended for use in such construction, alteration or repair, unless such materials or
supplies are within an enclosed building on the premises.

Structural measures — Flood protection measures that incorporate an engineered component, such as
levees, flood gates, and pumping stations. See also nonstructural measures.

Substantial damage — Under the National Flood Insurance Program, damage of any origin sustained
by a structure, whereby the cost of restoring the structure to its before-damaged condition would equal or
exceed 50 percent of the market value of the structure before the damage occurred.

Substantial improvement — Under the National Flood Insurance Program, any reconstruction,
rehabilitation, addition or other improvement of a structure, the cost of which equals or exceeds 50 percent
of the market value of the structure before the start of construction of the improvement. This term includes
structures which have incurred substantial damage, regardless of the actual repair work performed. The
term does not, however, include either (1) any project for improvement of a structure to correct existing
violations of state or local health, sanitary or safety code specifications which have been identified by the
local code enforcement official and which are the minimum necessary to assure safe living conditions or
(2) any alteration of a “historic structure,” provided that the alteration will not preclude the structure’s
continued designation as a “historic structure.”

Taking — Appropriation of property, or restriction on the use or enjoyment of property, by the government
without just compensation. The government may be liable to the property owner.

Tropical depression — Tropical cyclone with some rotary circulation at the water surface. With maximum
sustained wind speeds of up to 39 miles per hour, it is the second phase in the development of a Aurricane.
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Tropical disturbance — Tropical cyclone that maintains its identity for at least 24 hours and is marked by
moving thunderstorms and with slight or no rotary circulation at the water surface. Winds are not strong. It
is a common phenomenon in the tropics and is the first discernable stage in the development of a hurricane.

Uplift — Hydrostatic pressure caused by water under a building. It can be strong enough to lift a building
off its foundation, especially when the building is not properly anchored to its foundation.

V Zone — See Coastal High Hazard Area.

Variance — Under the National Flood Insurance Program, grant of relief by a community from the terms
of a floodplain management regulation. Generally, a variance is an authorization by the relevant regulating
authority to depart from a zoning or land use law.

Violation — Under the National Flood Insurance Program, the failure of a structure or other development
to be fully compliant with the community’s floodplain management regulations. A structure or other
development without the elevation certificate, other certifications, or other evidence of compliance required
in Sections 60.3(b)(5), (¢)(4), (¢)(10), (d)(3), (e)(2), (e)(4), or (e)(5) of the NFIP regulations is presumed to
be in violation until such time as that documentation is provided.

Water surface elevation — Under the National Flood Insurance Program, the height, in relation to
the National Geodetic Vertical Datum of 1929 (or other datum, where specified), of floods of various
magnitudes and frequencies in the floodplains of coastal or riverine areas.

Wave — Ridge, deformation or undulation of the water surface.

Wave crest elevation — Elevation of the peak of a wave.

Wave height — Vertical distance between the wave crest and wave trough.

Wave runup — Rush of wave water up a slope or structure.

Wave runup depth — Vertical distance between the maximum wave runup elevation and the eroded ground
elevation.

Wave runup elevation — Elevation, referenced to the National Geodetic Vertical Datum or other datum,
reached by wave runup.

Wave setup — Increase in the still water surface near the shoreline due to the presence of breaking waves.

X Zone — Under the National Flood Insurance Program, areas where the flood hazard is less than that in
the Special Flood Hazard Area. Shaded X Zones shown on recent Flood Insurance Rate Maps (B Zones on
older maps) designate areas subject to inundation by the 500-year flood. Unshaded X Zones (C Zones on
older Flood Insurance Rate Maps) designate areas where the annual probability of flooding is less than 0.2
percent.
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Appendix 2: Historic Hurricanes
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Louisiana Hurricane Timeline:

1722 Many French Colonial officials used the devastation of New Orleans in the “Great Hurricane of 1722
as testimony to that city’s unsuitability as capital of Louisiana.

1779 In assessing the devastation of the recent hurricane, the Governor reported: “There are but few houses
that have not been destroyed, and there are so many wrecked to pieces; the fields have been leveled; the
houses of the near villages, which are the only ones from which I have heard at this time, are all on the
ground, ...in one word, crops, stock, provisions, are all lost.”

1780 A storm of such intensity hit the New Orleans area that it destroyed many buildings and reportedly
sank every vessel afloat on the Mississippi River and Lake Pontchartrain.

1831 The Great Barbados Hurricane kills 1500 people and wreaks devastation all along its path from
Barbados to New Orleans.

1837 “Racer’s Storm” moves from west to east across the entire coast of Louisiana, causing widespread
flooding and considerable damage to agriculture and shipping.

1856 A hurricane strikes Isle Derniere, a vacation resort on the Louisiana coast southwest of New Orleans.
Storm waters washed over the entire island, destroying the hotel even as gentlemen danced with their
ladies. More than 200 lives were lost and the denuded island was split in half.

1893 An October hurricane destroyed settlements at Grand Terre and Cheniere Caminada, killing an
estimated 2000 people and stripping islands of vegetation and buildings.

1909 A hurricane swept along a track through New Orleans and Baton Rouge, killing 350 people and
inundating much of South Louisiana.

1915 Passing Grand Isle and New Orleans with winds of 140 miles per hour, a hurricane killed 275 people
and leveled numerous communities in its path up the Mississippi River. In Leesville, only 1 building out of
100 survived the storm.

1918 With winds of 100 miles per hour, a hurricane passed across southwest Louisiana killing 34 people.

1926 As a hurricane followed a diagonal track across Louisiana from Houma to Shreveport, it took 25 lives
and caused approximately $4 million in building damages.

1947 A hurricane packing more than 100 mph winds passed directly over New Orleans claiming 34 victims,
flooding many parts of the city and causing an estimated $100 million in damages.

1956 The storm surges of Hurricane Flossy completely submerged Grand Isle and caused extensive coastal
erosion and flooding.
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1957 The 15-foot storm surge created by Hurricane Audrey on its path from Calcasieu Pass through
Louisiana was responsible for the deaths of 390 people. Damage estimates exceeded $150 million.

1961 Hurricane Carla killed 46 people and caused an estimated $410 million in estimated damages.

1964 Hurricane Hilda claimed 39 victims and caused severe coastal erosion and local flooding.

1965 Hurricane Betsy came ashore at Grand Isle as a Category 5 storm, packing winds in excess of 160
mph. The accompanying 10-foot storm surge caused New Orleans to suffer its worst flooding in decades.
Damage throughout southeast Louisiana totaled $1.4 billion and 81 lives were lost.

1969 With sustained winds exceeding 200 mph and a 15- to 25-foot storm surge, Camille left a trail of
devastation and death across southeast Louisiana and the Mississippi Gulf Coast. Damages amounted to
$1.4 billion, with 262 deaths reported. One survivor recalled, “...Before the water came over the river, I saw
three house trailers blown away and my big garage blown away. The wind blew tin off the roof of the store,
broke rafters in the store and warehouse. I was holding on to save my life... Tin, rooftops of my neighbor’s
buildings, and everything was blowing away. About 7:30 the water came over the Mississippi River levee
and eventually reached 16 feet.”

1971 Hurricane Edith took a northeasterly track across Louisiana after striking the coast of southwest
Louisiana. Gusts near 100 mph are reported in Cameron Parish and tornadoes spawned by the hurricane
cause extensive damage in and around Baton Rouge. Sugar crops along the coast are severely damaged.

1974 Hurricane Carmen struck the central Louisiana coast after passing through the Yucatan peninsula.
Up to six inches of rainfall was reported. Damages from the hurricane are estimated at $150 million, with
approximately $90 million attributed to crop damage. Carmen also results in losses among the oil and gas
and shrimping industries.

1985 Hurricanes Danny, Elena and Juan battered South Louisiana in quick succession. Aggregate damages
exceeded $2.5 billion with 19 dead.

1988 The storm surge and surf generated by Hurricane Gilbert caused extensive coastal erosion and local
flooding throughout south Louisiana.

1992 Hurricane Andrew passed through south Louisiana after devastating south Florida, causing an
estimated $25 billion in total losses. Thousands of commercial structures are destroyed or suffered damage,
and more than 80,000 households are affected. A few people described their experiences as follows:

e "..we stayed here in what we considered a strong brick home. About halfway through Andrew, we
actually felt the house move. Was I afraid? You bet! Would I stay again? Never for a Category 4
hurricane!"

e "_.it's hard to really describe the helpless feeling in the dark, with winds howling, the house

shaking, and things flying all around. When it got daylight and we got to see about damage, you
got scared all over again because some houses had been destroyed and you realized it could have
been yours."
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e "._.Hurricane Audrey came during the first year of my employment, and I remember Hilda very
well. Andrew was definitely the worst."

1995 Hurricane Opal passed through the Florida panhandle as a Category 4 hurricane in October 1995.
Impacts to Louisiana were limited but did include tropical storm force winds in Lafourche, Jefferson and
St. Bernard parishes, as well as some minor flooding in low-lying areas.

1996 Hurricane Josephine caused flooding of homes and roads in Orleans and St. Bernard parishes.
Damage estimates totaled approximately $5.5 billion.

1997 Although only a small Category 1 hurricane, slow-moving Danny drops more than nine inches of
rainfall near the extreme southeastern tip of Louisiana at the mouth of the Mississippi River. The Alabama
Gulf Coast would bear the brunt of the storm, as more than 30 inches of rain are recorded at Dauphin Island
and other areas along the coast.

1998 Hurricane Frances caused extensive flooding and beach erosion along coastal Louisiana due to
storm surge and heavy rainfall. Tornadoes associated with Frances cause widespread damage in south
central Louisiana. A few weeks later, Hurricane Georges produces storm surge from 5- to 9-feet along the
Louisiana coast and levees are overtopped in eastern New Orleans. The Louisiana Superdome is used as a
shelter for the first time.

2002 Hurricane Lili moved ashore along the central Louisiana coast as a Category 1 hurricane. Storm surge
and rainfall contributed to several levee failures and damage from flooding and winds totalrd approximately
$860 million.

2005 Hurricane Katrina would become one of the deadliest and costliest hurricanes to impact the United
States after wreaking devastation through Louisiana, Mississippi and other parts of the Gulf Coast in
August 2005. Fatalities from Katrina exceed 1800 and damage estimates top $80 billion. Fully 80 percent
of the City of New Orleans was flooded, requiring a massive rebuilding effort on the part of families and
businesses seeking to return. Hurricane Rita ravaged southwest Louisiana and southeast Texas a few weeks
later as a Category 3 hurricane. Storm surge, rainfall, winds and tornadoes would result in heavy flooding
and other damage across the area. Rita would cause at least seven deaths and more than $10 billion worth
of damage.

2007 Hurricane Humberto causes minor river flooding in parts of southwest Louisiana and some damage to
structures from falling trees and downed power lines.
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Reprinted with permission from AAAS.
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Fig. 1. The MDP was lormesd by 2 semes al overlapping della lobes as the river sooupssd diffbensnt
chanmels, The delta is characterized by current and abandoned river channels, barrier {slands, and
catensive coastal wetlands. Currently, about two-thieds of flow is discharged wia the lower
Mississippl directly to the Guif and one=third is discharged wia the Atchafalaya River to a shallow
bay where a new dela is forming. The locatson of levess ks shown on the lower river as well as the
location of the MRGO. The turbid plunse showm on the mght results from a rver diversion. BF,

before the present. [Modified from (661]
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aver foins, As wellomdds deferiomite, o bamier ieland
ar b fmeed Ower time, the bamiers. gt
inl smaller slamls, and extensee washaver ber
races o sanidy shoals are fumel nshore of the
islamds, evennmlly prxlucing a submerged com
plex of shoals mnd sand shests. This process con-
tinues unbl another detdbutry chaneel forms
ard the cycle hegins again

Deterioration of the MDPF

Smoe 19, aboul 490 km® of wetbinds in
coasta] Louisiana have been lost at miles as high
a5 JUHy k.1||.=-'_l.~|.a.r11'11'. 15 Wetland loss 15 muoch
hpwver on the cemtral coast, where the Atchaslxa
River, o distritary that carries. ane-thid of the
o of the Missassippi Eiver, decharpges mio a
shallva wmshore hay (08 Loss ooours an the
wetland edye becauze of wave ension amd in
interiy wethinds by submergencs & sl aocne-
tion fails o keep up with RSLE (/7). Mot Joss
wies mitinlly wiemal, bl ns wellmids opened up,
wave ensim has bazome mone inaparian (08
Although n delm growes aml decays as o natum]
autcome of the delta lobe eycle, the MINF ex-
perienced am overnll net prowth for seveml
Mozl years aftir the sea level stabilized.
Human activibies during the Xh centary e
versed this trend (£33, 77, Fé)

The mam cause of kss was the molalon of
the siver fom the MOP (f7, 7%, The fver iz
mivw almost complelely kveed, proventng over
hank Monding ard crevesse fnation, so most
al’ 18 descharge 4 mie the deep Guall of Mexico
{Fig. 11, With the exeeption of the Alchnfalaa
Raver, all dissnbutades of the nver have been
chasedl. The lowver Mississippi is prevented fom
socking a shomer course w e Gull via the
fichnialaya by the Ofd River Control Stnasctune

Ohver 15,0060 kom of carals have been dredged
fior navigation, dramage, amd legging, bul most
by Gor il and pas developmest (71 This and

the cosstruction af impoundments have aliered
the hwdmbogy thet sestairs the sysem (20
Spail banks associsied with carak redoce sheet
o of water through wetlands (27 Dosp,
stright nevigation conals canse saltaaler mirusion
and the denth af feshweter plant comeminites
1470 Ome of the most nolable & the Misssipp
Ferver CuadF Oniflent (IRGCR, 001 2-hee-MHb-m canal
oo thrcasgh the Bretom Soursd Blasan i 1963,
Bualwmer minsion via the MRG0 killed thou-
sandls ol hectares of feshwater wetbasd foests
Ae Batrira’s path crossed Breon Sounil, kevees
along the MBGO wens brmched amd sorm
surpe fanneled through the BMEGUY and mis the
Ciulf Intracaastal Walcrwsy o confmimbe o the
hwnbny of Mew Orlears. The withdeaval of ail,
nafural pos, and fomnation weters bowersd pres-
sures m umilerdymp peologic features, prshahly
causing diwnilauhing sl incressing the e of
subsilence by tavo o three tines dunng active
aill and gas production (2],

The comatraction of reservoirs in the Mis-
sissippi basin dramatically reduced the supply
af bith suspended and bedboad sedinsints 1o
the delta (8). Inpuis of sand are panisonlarly
tpretant firr mamtainmy bamser iskeds thus,
all bamier ishnds in the delasc plam are de
terboraring | F3) because the deterniorstion phss
ai the barmer island cwcle has acoelembed
while the development phase has been preatly
reduced.

Hurricanes and Mississippl Delta Wetlands

Hurmicames ore a regular, if episodic, force in the
MOP Thousarss of tropical somas affected
the dlelin as it grew over the pest GHIO o 7000
virs. Under some conditons, numill generated
Ty humicane precipitation infroduces fresh waler
arel nutrienis that reduce salinity and enhane:
coastal productivity (23] Hurmcames also de
pavsit Barpe mmocints of pesuspernded sediments on

Table 1. A hierarchy of borcings or pulsing swenls aflecting the doremation and sustainabilily of

deltas. [Madilied from (4}

Event Time scale Impact
iWajor changes i river SEO=1000 years Wew delta kohe formation
charmets {avulsiorsl, major sediment

deposition

hafor river Moods S0—100 years fvulsion enhancement, major
sedimant deposition, srdancemant
of orevazes leamation and growth

WMajor storme 20=25 yaars Wajor sedimant deposition,
enhanced production

dverage river floods finresal Erhanced sediment deposition,
freshening {lnwer salinibyd, rartriant
input, enhanced primary and
SECONAANY producion

Wormal slorm ewents Weekly Erhanced sediment deposilion,

{frontal passage) enhanced oagardsm Transport,

higher net materals wanspon

Tidis ity Warsh drainage, stmulated marsh
production, bew Bt transporl of
wmatar and matarials
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welland surfaces, helpmg o offset BESLE, and
thus ane important fir the sessminability of marshes
(7, i) Homicanes Katmna and Rita were the
foarth ared fifth st powerful somms b stk
the MDP smee 1853 with respect o maxinmm
wind spesd o landiall, But were e remnok-
abale im both cases for the lumdreds of kilomekrs
af the coast affected by o storm sarge af e
than 3 me As Kalina progressed sonss Breton
Seund and Lake Hargne ne o colepory 5 stam
fruataimed wands of 198 ke bour '3 i generated
a shommn surge that exeeeded 100 moon the Mis-
slsatppd coast and messared ap o6 msouthenst
af Mew Odeans, with up 1 2 m of sklitional
wave pun-ap in the st expesal bocations (Fig 3)
1240 In southeast Loussiona, comnmmundics un
proiecied by Jevess were imundated, and ke
st destroed levees poslectng castem Mew
Oilears and 54, Bemard and Plaquemines par-
ishes o the south amd el Flosdwalls fbed
alomp drairage ard ravigation cunals connected
tr Lakes Porchariain axl Borgne, mumdsting
micest o the rest of Mew Oeans, Becase much
al tos area m ek sea level, the Dosdwaters
renaired fir 3 or more weeks while emergency
repalrs wire made sl e water was pumpsed
out Bore than 1500 peeple disd as o direct or
indirect result of Humicane Katring, almos:
1100 of thien an Lowisaama.

Reatring amdl Rita deposived 5w M0 emoof
sediment over large arcas of comstal wetlands
{46y But about 106 km' of wetlands in the
Breton Sound Basin lying o the siorm path
were ponverted o open water (25 Ahbough
smvns of ths anza i no 1 omor mons degp, nwos
af the damaged aren is shallow naul fats inter-
spersad wilh miyrad mash climps aprooted
Iy the starm. The disturbance of buovant oo
sglinity warshes with bow-dersity ongansc soils
aftem peours donmg buricanes. The Casmmaran
river diversion stuchare is presently being oper
ated o the macimum extemd possible o enhance
marsh recovery in the most beavily affscted @ea
Imitinl abservations mdicate sabsianiml marsh
TECIVETY,

Hurricare Bit made lmdfall near Sabies
MFass ot dhe Louisians-Texns borler on 24 Sop-
tember 2005, pereraling o storm surge of o
5 m (Fig 3] ard reflooding pars of Mew O
bears e than 200 ke esst of fandfall. Coaseal
commumities in Camerom Porish were destmoyed,
amd paniz of the ity of Lake Charles expe-
merced 2k 3-m-deep Bieding sssecited with
surge propagating up a ship chaned. Too the
cast, the 30-w-5kkm-wide Chenzer Flan wet
lands. redisced surpe inband, Bocause of the lesser
stiorma surge & lower population densises, fewer
than 1k pesypds st their Fees directly as a resul
al it s swands and sorpe. Rata's surge displacad
residents from nll Lousisna cossial panishes,
hipwever, sl deove sall water tens of kiloeeters
inlonil, killing freshwaler wetlnnds in mmificinlby
ingpoundal anss (25),

Hurricame Hita's highest st surge was
nearly &5 opreal s the suige comfromting the
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castem sde of Mew Oreans during Eastring, bt
had o eposs 3k 50 ki of Chenier Plain wet-
lamdls before meacking main population centers,
whereas Katrings surpe was bess impeded as it
traveled throaph lage beooes, degraded wet
lanale, and smifcial channels. Bamier islands,
shpak, and wetlands can recluce stomm surge and
wanves, bat the full mnpe of these effects is nol
will capunad al presmt by most numerscal
medels. Adtbwmgh it has been shown thot dame-
age Tt 2004 Endian Oosm
tsunanmi was ks noconmmities
shelierad by milacl mangoves
{2, the exisderce ol an exlensie
hamier iskand system off of the
Slesisappi coasd did not prolect i
fissim & 10-m surgs curing Famina,
Ohsenations of water levels inda
cale that Ria's surpe was aiien-
ated at an averge mbe of 4.7 am
per kilometer of wethind  Tand-

eqquilibriom depth of larse bays alomg the
Loumsiana oomst. Although the relative effecis
af shallow ppen waters versus inteixdal wet
lands on both weves and stonm surpges fiom
stromy hurneanies remam b ke fally resalvied,
it i= clear thet the inact barter islands, wer-
lands, amd rdges thar once charcermaed the
canstal lamdscape of Lousiann afforded sub-
stanizal protecism toe Mew Oreans and ailber
constal communities that canmst he depemded

saape whene channels wae nol
presenl. This & similar o previ-
g hibrcanes, u:l.hu].u:,g Hiam-
cane Ardrew in 1992, indicating
sl sumze afimuatxn of 7% cm
per kilomeeter for ot wetlnds
along the central Lousiang oot
(2720

Fmergant canogoes of forested
welhinds can greatly dmminzsh

wind penetration, theely reduc-
ing e wind strss avakibbe o
penermie sunfEce winees as well ns
stoem sunge A0 18] The sheler-
ing effect of these canopied arens
aba affects the firch over which
wave development nkes ploce,
Skallw waicr depths  atienuane
waves via bollom fctan aml
breaking, wheras vegetation -

vides sdditzonal frctional deg amd
wive aifepmabion (47 and also
linats sl wave setap (37). Ex
tmcting enerpgy fom winess cither
by eeaking or incroased drag
reduces desinsctive wave action
an leviess, Dudng Katmma, wave
induced mm-up and ovenapping
waahod away many mides of Tud®

covered earthen levess along the
WARGN (241 Few wellands oF fas
lack prstecied these kevees Bom
high-enengy surge cwmenits il
waves il broke oa the levee e
Coerversely, ofher eathen kevess nearbyw that were
oveeriopped by the veselooty surge, bat fionted
Iy extensive wellamls, escaped substamtinl dam-
age (A4,

Dependlimg om the mie of ESLE, coasil
wetlanids matstain a near-se-level elevation by
trapping sxliments ond  fiwming  orgamic-rich
soihs, Thus, wetbisds play an miportant nede in
maimtxining elevabans near sea level, in contmst
Hr the —3 1 - elevations that charscerize the
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Fig. 2. The barrier island cycle in the MDFP. [Medified from {2131]

an tlay ardl st be replacsd by more mas-
sive |evees.

Comsequently, mainiainmg and. ahere pos-
atble, usang deltalc processes o ipensse the
aren of marshes, margroves, aml swamps in
stramega: Mcatoms wonkl proaide a sell-sustaming
camplement o the structural profection of
bevees. Unforumately, the pliysical and hvdro-
lospic integrity of the wetlands southesst of
Mew Orleans has been greatly compromised

2 Shall reats
Tickal indat

fay barpe novigation channels, which may moar
also require elghorats pates aml other closuns

slmaciures.

The Evalwiing MOP Restoration Effort

Flanming the restormtion af the ooastal Land scape
regquares e design of stamable coosystens
iniegmte hunan seciety with the mabaml eni-
mwommnl (3537 and work wath rather thean
agninst notaral processes, Such ecologicnl en-
paeering approaches rely pr-
narily on the emergies of mibure,
with humean ensrgy being el
in the desgn and contml of key
provesses. Bocause of the dimen
sions of the dela’s problems,
traditiomal engmesnng appoachs
such us lever construction anid the
Mocimg of dredped sediments are
abao equaed. A ol goal
o MNP restanition is the applica-
Gt of this optinaum max of eoo-
lingical and sinndarl engineering
approaches. With this m mind, fuar
perenl approaches i pestombon
aw being evabmied, planned, o
imgplememed m the MIE:

11} Recormscting the river tis
the delar plaim via Aver neintro
ductons, the mopening of ald
distributames, aml crevasse-splay
developneeed (75, 37, #8). Ower
the past two decades, i has b
comes increasingly clear thm this
will bave 1o be done on a lange
sale

123 Using dreclged sediminis
I creale ang nestore wetlands by
purmnping them over distances aff
tens of kalneters. This 5 ex
pensive, bul beesuss  dredped
seiiments can be wsed o cneate
weilands quickly, this fechmique
may b usedul for meslorng aee
lnnids that wonkl soon be bast ar
quackly creating brge anms ol
wetlonds  thot wauld then be
sustained through mver melni-
ductions (759

137 Bestonng barer slands
Ty pummpang. sanils from offshaore,
constnecting  proins and  hecak-
wilers, placing mpap, aml using
Gerces i plantings w0 sihilize
sand dunes (40 47} Because
MDF barmier islarals do nat just migrate bur
detlenorle aver time, restombiom will reguine
angaing mairdenanee. Restaration and mairde-
namce can be justified. however, bocause lads
redsce woves aml stomm surpe and  provide
igrrrtant hahitals i the coestal landscape. In
the fisture, the remobilization of samd trapped in
up-basm neservoars may Become & source of
coarse spdiments that will aid in mainkiming
bt iskands.
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Hurricane Rita Storm Swrge

Hurricane Katrina Storm Surge

Paths of Hurricanes Katrina and Rita

Fig. 3. A composite figure showing paths of Hurricanes Katrina and Ria, surge levels |in meters, as estimated by the ARCIRC model (671], areas
fleoded, sites of lever Eailures, and wetland loss due to the hurricane

{4) Resioring hydmdopical processes by re-
miwving sl banks, hackhillimg canals, clesing
decp navigation chammels (such as the MEGO
installing locks (471 mupping scdiments (43)
amd projecting mierior shorelines against gno-
sipm. Such msioniion penerally affecls a mels
tively small area, bur can b= partcolarly
ellctave i dome in conjurnction with diversaons
s thal meer water is weed most effectvely

Even with s boustiful natural resoumes, it
musst b remembered thot the MIOF s a “wiork-
g cesl” A, AL amid restoralxon must b om-
tegrated with navigniion ond  food-prodection
infrastreciure, agrculione, wrban developrent
commercil and recreational Gshang., amd o and
g production, In wm, thess activites will Fave
tn adapt o prigects, sach s diversions., that seck
ety the dehia vo o more nataral state, This is
a bessaon o be learmed reganling most delias.

Croastal restoration will be more effective it

itk Ao ool changes in fesh watir sup-
ply, suspended sediment, ond nutmend fluxes in
the Muessisspm Biver Basn (85, 44). 10 should
wank cooperatively with effirs o hetier manage
arel mestiee the resounies and envirmnments al
the basin, inchxling the restomtion of the Wis-
s and Upper Mississippi Rivers, resevodr
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manapgement, the roonnection of welands and
sl plains, amdl meducimg loadings of natnents
frein agriculiural lands that resuli in byposia in
the Gull of Mexmw (47-49)

Gilhal climate chanpe and the svailabdlity and
cosl of energy have smpocant mmpboations: for
delka restanmtion (50, Accelenmod sen-level nise
changes m precipialicon palloms, amd changes
in the frequency amd imlensity of Burricones
(3050 st be taken mnio seGounl mdesigns-
ing effective restambion strategics, Loss cnergy-
miensve  eshmalon echmgues that use e
crerpies of nature, mdher than daindling ond
contly fossdl fusls (55, 47, shoukl be empha-
sl |50,

& New Institutional Framework

For most of the 2th century, public decisions
aml myestments in coastal Lousbm foossed
an flond prtection, novigation, odl and pas
catractson, of wikllife mamagensanl. Groswing
wwareness af the dimersiors ond consequences
ol welland loss has nesulied e corsdoralbde me-
giveal advocney and plarming for substantial
public mvestrments for nesporation of the MIE
The federsl Cossial Wethnds, Planming, Protec
fioe arel Bestoration Act (CWPPRA) of 19%H)
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hes. provided up de 550 nallion per vear in e
Linited States, but # bevame apparent that brger
sgale restoration offons were needad (347 A e
inchmive eoosysiem mestomtion plan, “Coast
HBE0—Toward a Sustawabls Cosstal Louisiang,”
wes developed m 1998, wiich imchided o di
wverse amalpanation of projects of varons siies
arel purpeses ocaied  throughoul e coasial
wome (57

To frther retme the Coast 20040 Plan, the
L& Army Comps of Engmecrs underook the
Lausiana Coasial Arc 1LCA) Boosysiom Fes-
toation Shaly (35, The LOA Snsdy prdduced
detailed quantitative analyses of vanous restors-
tion features and od the cost and effectiveness of
snitgs of vanous features in achicving ecosysiem
beneims, mnpmg in tolal cost oo 85 ballan
17 billioe. The Cdbies of Manapenem and Bud-
ped darecied the Camps o prepare a scaled-back
LCA Plan that was submitied s Congress in
Jemuary 2005 (2], B recornmimdlid authomeatin
afl five “mear-term oritionl eoosystem reshion
leatures" & sowemce and lechooloey program, a
demorstration prosmn beneficial use of dredsed
miaterials, sl fsther myvestigatons of other
near-lemm resorabion Eabanes, ol a oost of neary
52 ballion. The Assistart Secoetary of the Ammy
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requested progranmmatic autharizntion for cle-
ments totaling 5112 ballion, which cumenily
anadts passage of a Water Resources Develop
mend At ar some ather stanie,

A Matonal Eeszarch Counal review of the
LCa Plan concluded: “although the individual
prigects m the study are sceenbifically soumd,
there shouald he mare aml larger scale privects
that provide & comprehensive approach o ad-
dressing lond loss aver such n large aren, More
inptantdy, the sdy shoukd b guidald by a
detailed map of the expected fiture lamlscape
af ooastal Lomsiana that 15 developed from
agreed upon goals for the region and the na
tion " (59, 6, Congress direcied the Comps o
develop a plin for cosune al the BMECGD o deep
draff navigation, and in Decernber 200k the Coips
meoommendded that the chammel be pemanemdly
Ilocked and not mainsained cven for shallow-
dradl pavigatsan.

Refire the humicanes of HMES, planning and
dicsiom-makmg for delia restoraton emained
largely sepomite from that for soma prodection
and mavigatson (371 In LOA planning, mestoea-
tion fentures were evahwiesd on the hosis of
weosysiern benelits and fmamcial coels, so that
the most cost-effective amay of lzatures coukll be
identified. Benefits did not specifically ineluds
the walue of stomn damage meduchon, and costs
weore oy Financial autkiys by govemments, sven
thiagh the features naght mpase costs or yield
emefits o curment eosyeiem wsers (such as
Feshrers and ofl and gas aml navigation inlenses)
These analyticnl limitmiors effectively isolateal
mesbomation plan frrmulaton fom otber poienizl
symerpies or condlicts with flood protection.,
storn dansuze reducton. and navizgation

It hos become clear nat only e scientisls
and engineers (48} but also do g growing seg-
ment af the publse and political lesdership that
sustaining & coastal landscapes is necessary fo
ersure the habitlabality and cconanmc enborprises
af the MO (41, 27). The ingplications of this
new mwireness are taabolds First, activities that
comld further dinvinish the coastal landscape
have o be adpested soothat they ane oonsstent
with thal sustnimahility; and second, sonsysiem
restoration efforts mus sow mebade stom
damape reduction benefis as 0 mojor corsider-
atton in the overall restoraton plan (280, In the
aftermath of the XHIE humcanes, the Louisana
Legiskure created the Louisiana Ooastal Pro-
tection and Restorstion Authonly and Congress
diveced the Corps to undenake the 2-year Loi-
siana Coasial Prodection and Festombion Prsject
(LACPR} in ander to identify, describe, and pro-
pose a full mnge of food contmol, coasal res
toation, and Fumicane prtection mensures for
sirgth Liiniszuia AL this poinl the prelmimssry
LACPE report and the preliminary dmii Stade
Master Plan (64) dial prodomisantly wath fur-
micane prdection hamiers, inchuling coastwise
lrvor with fll.uulga.[n: that coukd diminsh the
sustminability of the coastal landscape. Much
reingins o b done w ingegrate humicans pro-
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tection amdd crastal eoosysien reshration inoa
comjeanibhe manner

Munetheless, the 2005 humicanes have also
given new impeius b e comprebersive and
agpresave coastal eoosysiemn redorstion ap
pcaches than these inchided in the 2005 LOA
Flan proposal 1o Congress, These schsde fanger-
stule diversians, the ling-detance convevarce af
sivhnmnl sumies, and reengmeermg of the nav-
ipationol nccess of the mouth of the Mississippi
Fover a0 that mone of the sediment boad of the
rver is relnined in the nearshore 20me 1o con-
tribute o constricive ard sussaning  deliaic
processes. Fuhemmome, the damage wought by
the humicanes hes lessenesd some presious social
ahsacks 1o these mone aggresive apprsces by
forcing refocation svey from e coast, causing
lysses of mesources amcfor  mimstructure,  and
hewering public tlersmes i obstructions by
mamry inberesss, All of the = evidaice thear there
is & prowing recognition that dehn restombion
aril T protecton will demand a suate of
activities thm are much greater in scale and
mvore profound than oese conaldina] barely 4
decsle apn

The Gl of Mexico Ememgy Security Act,
signed into lrw im Decernber 20086, prves Lawm
aiana nd other Gull Coast states 17% of the
revenues from pewly opened oal and gas tmcis
Lawvisiana has constinationally dedicated  thess
revenues o onastal nestomban and protection
Along with other anticipated revenng siveams,
his could proskle approxinssely $1 Gillion per
vear awer A0 years for these pumases. Conse-
quently, the state may bave the mesounces o
pursss crastal eoosystens restoration on & scale
larger tham any other U5 megaon. This paoses a
major challenge o science aml scienos-based
planming o develop the mosi sirbepic and
eifective sislegies, while minmmzang the con
flicts arel maximizing the symergies in achsving
muliple socml obgectves within o ssstainable
coasinl landscape required for the fusure of the
regian. Ad the same time, the sebdantial uncer
twintics mnst be recogrized, nocepdsd, and incre-
mentally naducad dough adaptive nersagement
approaches that promole leaming whils exe-
cuting and enhancing the effectverss of fu-
ture decEions—ior this messt truly he o omp-derma
cormmiineent. That will requive substantial -
prrcements N science, enginesting, planning.
arl manazEement capecily, operating with a serss
af wyency and parpose

The ressoration of e MOE is impomam o
anly in fs own rghl, bl becanse it provides
understarding mesded o comend with the many
ather delenorsting delta syslems around  the
wandd. Moreover, it serves as a miade] for adap-
talios W fubane climate l.'||.a.n31.' m osstal oo
sysiems mive genemlly. Becouse of high mies
al subsider, thi MIP preemtly has o maee of
relative sea-level rse equivalent to that predicted
fioor pnsny cveastls Woavand thie end of this century.
Human impacts have casmed both substiniml
increases sl decrsases i feshwster inflow o

parts of the coast And the area hes one of e
highest frequencies of mopical cyclone Empacts
in the world The namgement approaches de
veloped o restore and sustain the MOP in ihe
face of present-day foroes will undiahtedly m
fhience fisture slapttiom o clinate change im-
pikcts elaewhere, especlally dunng a pedod of
resource scarcity, In additian, the experience in
the M indicanes that restoratson an such lange
stakes requares long time pemods and conplex
alakelohler emgagement.
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Appendix 4: Louisiana Master Plan — Executive Summary
From LouisiaNA CoASTAL PROTECTION AND RESTORATION AUTHORITY, INTEGRATED ECOsYSTEM

REsTORATION AND HURRICANE PROTECTION: LouisiANA’S CoMPREHENSIVE MASTER PLAN FOR A
SusTainaBLE CoasT (2007).
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Executive Summary
Setting the Bar Higher

-I_ha MMaster Plan was developed to fulfill the mandates of Act 8, which was
passed by the Louisiana Legislature in November 2005 and signed into law
by Governor Blanco. The act created the Coastal Protection and Restoration
Authority (CPRA) and charged it with coordinating the efforts of local, state,
and federal agencies to achieve long-term and comprehensive coastal
protection and restoration. In so deing, the CPRA must integrate what had
previously been discrete areas of activity: flood control and wetland
restoration. Act B also mequires that the CPRA establish a clear set of
pricrities for making comprehensive coastal protection a reality in Louisiana.

The Master Plan is the principal means for achieving this goal. As such, the
plan is informing several ongeing efforts, including the Louisiana Recovery
Authority’s Louisiana Speaks planning process and the development of the
LS. Army Corps of Engineers’ Louizsiana Coastal Protection and Restoration
Report, which will be completed in December 2007.

The Master Plan presents a seres of recommended hurricane protection and
coastal restoration measures. Maps and explanations about the measuras,
as well as a management strategy for implementing them are also provided.
Taken together, the Master Plan presents a conceptual vision of a sustainable
coast based on the best available science and engineering.

The need for this compreheansive, integrated approach is acute. Since the
1930s, coastal Louisiana has lost over 1.2 million acres and is still loging land
at the rate of 15,300 acres per year. This extreme rate of loss threatens a
range of key national assets and locally important communities. Pipalines,
navigation channels, and fisheries as well as centuries-old human
sattlements and priceless acosystems are all at risk.

Hurricanes Katrina and Rita intensified the problem. Approximately 200
square miles of marsh were destroyed, over 200,000 homes were damaged,
over 1,400 Louisianians died, and more than one million state residents were
displaced by the storms. The hurricanes also disrupted the national
economy, spiking fuel prices, lowering energy reserves, and slowing grain
shipments to world markets. The hurricanes’ effects highlighted the need to
improve Louigiana’s hurricane protection systems and restore the wetlands
upcn which so much of our national economy depends.
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Goals of the Master Plan

+ Present a conceptual vision for a sustainable coast.

+ Be a living document that changes over time as our
understanding of the landscape improves and technical
advances are made.

* Emphasize sustainability of ecosystems, flood
protection, and communities.

* Integrate flood control projects and coastal restoration
initiatives to help both human and natural communities
thrive over the long-term.

+ Be clear about what we don't know. In some areas,
scientific and technical advancements will be needed
before we can make definitive pronouncements as to
what will happen.

What Coastal Louisiana Provides

+ Energy infrastructure: The wetlands protect critical oil and gas
infrastructure from storm surge. This infrastructure produces or transports
nearly one-third of the nation's oll and gas supply, and is tied to 50% of the
nation's refining capacity (LA Department of MNatural Resources, 2006).

* Shipping: Ten major navigation routes are located in south Louisiana. Five
of the buslest ports in the LS., ranked by total tons, are also located here.
These facilities handle 19% of annual U.S. waterborne commearce
(USACE, 20103).

* Fisheries and wildlife habitat: Louisiana provides 26% (by waight) of the
commercial fish landings in the lower 48 states (US Department of
Commerce, 2005). Mare than five million migratory waterfow| spend the
winter in Louisiana’s marshes (LA Department of Wildlife & Fishenes, 2000).
The coastal landscape also provides stopover habitat for millions of
nectropical migratory birds and 17 threatened or endangered species.
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* Water quality: If iver water flows through them, wetlands can filter
nutrients that would otherwise flow directly into the Guif of Mexico.
Concentrations of these nutrients in the northern Gulf of Mexico contribute
to the growing problem of hypoxia, or low oxyoen conditions, in offshore
coastal watars.

* Culture: The diverse peoples of south Louisiana have created a
multi-faceted culture known throughout the world. Moreover, coastal
Loulsiana is home to two million residents, or over half of the
state's population.

Assumptions and Technical Challenges
The planning team used several assumptions to guide thelr waork.

1. This version of the Master Plan is a first cut at what will be a
living document that changes over time.

2. A sustainable landscape is a prarequisite for both storm protection
and ecological restoration.

3. Change is inevitable; the ecosystem is degrading now, and
restoring sustainability will bring changes of its own.

4. Plans for hurricane protection must rely on muttiple lines
of defense.

Such assumptions lead to difficult cholces, and the Master Plan enumerates
several tradeoffs implicit in its proposals. For example, not every community
will receive the same level of hurricane protection. The plan also discusses
the shifts in fishernes and other traditional uses of the coast that are likety to
ocour when major river diversion projects are constructed.

Technical unknowns pose challenges as well. Questions remain about the
ways in which climate change will affect the coast, as well as how to best
balance the effects of diversions, levees, and restoring marshes using
dredged sediments. Although we do not yet have all the answers, we do
know that many of our existing protection and restoration techniques

ara effective.

We must begin creating a sustainable coast without delay, using methods that
we know can work, while also field testing new concepts and learning as we go.
Given the magnitude of the task at hand, a stepwise process based on sound
science and engineering is the only way forward.
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Integrated Ecosystem Aestaration and Hurricane Protaction:

Louisiana's Comprehensive Master Plan for a Sustainable Coast

The Master Plan

An Integrated Flanning Team made up of employees from the Department of
Matural Resources and the Department of Transportation and Development
took the lead in developing the Master Plan. The team, working in
consultation with stakeholders, scientists, engineers, and the public,
identified four objectives that define what the plan seeks to achisve:

» raduce risk to economic assets

+» restore sustainability to the coastal ecosystemn

* maintain a diverse array of habitats for fish and wildlife

+ sustain Louisiana's unique heritage and culture

The full text of the objectives, as wall as principles that guided the group's
work, are presented in Appendix A,

Timeline: How the Master Plan was Developed
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The measures contained in the plan can be broken down into three groups, based
upon the broad outcomes they deliver:

« Restoring sustainability to the Mississippi River Delta
* Restoring sustainability to the Atchafalaya River Delta and Chenier Plain
* Hurricane protection—both structural and non-structural measures

Creating a
sustainable
deltaic system
requires that we
reestablish the
processes that
originally created
the landscape.

Restoring Sustainability to the Mississippi River Delta

Reconnecting the Mississippi River to the wetlands through controlled
diversions will restore flows of water through the wetlands so that the
ecosystem can retain sediment and nutrients. We alse need to act quickly to
rastore critical landforms before they are lost,

Land building diversions. Commaonly refemad to as the Mississippi River
Detta Management plan, this concept involves building very large diversions
that will use the majority of the river's sediment and fresh water to both
create new delta lobes and nourish existing wetlands. We do not yvet know
where, how big, or how numearous these diversions will be, but some
possible scenarios are presentad in Figures 7 and 8. As this concept is
studied further, we must consider not only how to sustain new wetlands but
also how navigation and natural resource interests will be affected,

Land sustaining diversions. Thess diversions are not designed to build
wetlands in large areas of open water, rather they are designed to reduce
loss and restore the sustainability of existing wetlands. The proposed
diversions are envisionad as parts of an interconnected system that will be
operated as a whole, individual projects will not be operated in isolation.
Along these lines, it is important to review the operation of Davis Pond,
Caemarvon, and other land sustaining diversions already in place to ensura
that these diversions are providing maximal ecosystem restoration benefits.

Marsh restoration with dredged material. Diversions distribute sediments
to areas of need, rather than allowing the sadiments to be channeled out of
the coastal ecosystem into offshore waters, Another important tool for
"getting the sediment right” is distributing these lost sadiments through
dredging and pipeline conveyance to restore wetlands, One way to
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Integrated Ecosysiem Resioration and Hurricane Protestion:

Louisiana's Comprehensive Master Plan for a Sustainable Goast

accelerate the benefits of diversions would be to mechanically restore lost marsh
by pumping sediments via pipeline from the bed of the Mississippl River, offshore,
or from navigation channals.

Navigation channels. The plan recommends using existing navigation channels,
such as the Gulf Intracoastal Waterway and the Houma Navigation Canal, as “new
distributaries” that could channel water to more remote areas of the coast.

Barrier shoreline restoration. Barrler shorelines are important habitat for many
bird species as well as threatened and endangerad animal species. They also
sarve as a first line of defense against storm surge. Barrier shoreline restoration is
racommended in the Terrabonne and Barataria Basins because these ecologically
important habitats are close enough to marsh and human settlements to diffuse
wave enengy and storm surge. In the Chandeleur Islands, the state will work with
the Department of the Interior as it continues to develop a restoration and
management plan to maintain the area as a national wildlife refuge.

Ridge habitat restoration. Ridges are natural elevated features that support
woody vegetation and provide habitat for a variety of wildlife species, including
migratory species crossing the Gulf. These features can also deflect storm surge,
particularly during lower energy winter and tropical storms.

Shoreline stabilization. The plan recommends stabllizing selected shorelines
near critical land masses as well as marsh fringes near flood protection works.
This can be accomplished either by rock structures or by establishing living reefs.
Securing shorelines will help preserve the boundaries of waterbodies and protect
areas such as the Biloxi Marshes, the bay side of Grand Isle, and the Jefferson
Parish levee systam.

Closure of the Mississippi River Gulf Outlet. The plan calls for the immediate
closure of the MRGO to deep draft navigation and for the construction of a
closure dam at Bayou Laloutre. The plan's Intent is to restore the Integrity of the
Bayou Lal outre ridge and use the remainder of the channel to convey frash water
from the Misslssippd River to the Biloxi Marshes and other areas of 5t. Bemard
Parish. The plan also includes restoration of wetlands and swamps in the Central
Wetlands and Golden Tdangle areas. Since this strategy will affect desp and
shallow draft navigation industries, appropriate economic mitigation plans will be
needed after the channel is closad. In this regard, the status of the Inner Harbor
Mavigation Canal lock must be resolved,
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Restoring Sustainability to the Atchafalaya River Delta
and Chenier Plain

The Atchafalaya River Delta is the only region of coastal Louisiana that is
building land naturally, and the Master Plan seeks to take maximum
advantage of this resource. Further west in the Chenier Plain, navigation
channels and canals have allowed salt water to penetrate inland, destroying
fragile marsh and impinging on freshwater lakes. The Chenier Plain
Frashwater and Sediment Management and Reallocation Plan,
recommended in the Master Plan, will help fine tune appropriate

measures for the region.

Managing water and sediment. In order to reduce the impacts of periodic
saltwater intrusion, the plan suggests managing river and surface fresh water
supplies to ensure the availability of fresh water throughout the year. Such
management will also permit the delivery of fresh water to areas that may

be exposed to saltwater stress while also reducing reliance on

groundwatar resources.

* Mavigation channels provide opportunities to distribute fresh water
from the Atchafalaya River. For example, the GIWW could be used
as a conduit to move the river's water to the west.

* The plan recommends that drainage be wisely managed in the
Mermentau Basin. Such management would ensura that fresh water
iz available where needed for ecosystem and agriculture needs, but
that communities are not placed at greater risk of flooding.

* The plan seeks to maintain the integrty of freshwater resources by
shoring up the banks of selected navigation channels, fortifying and
maintaining spoil banks along the GIWW and Freshwater Bayou
Canal, raising and armoring critical sections of highways, and
placing saltwater barmriers at deep draft shipping channels to
manage salinity leveals.
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Levees, or some
other form of
flood control
structure, are
recommended
for high risk
areas that must
be protected

in order to
avoid severe
consequences
for the state
and nation.

Marsh restoration using dredged material. New land can be created by using
dredged matenal from miaintenance dredging of navigation channels. This

a particularly viable strategy in areas near the Calcasieu Ship Channel and the
Atchafalaya River Navigation Channel. In other areas, material dredged and
transportad from offshore could be used to restore lost marsh.

Barrier shoreline restoration. Restoring the barier shorelines of the Chenier
Plain in areas of severs shoreline retreat will be accomplished using a combination
of two methods: sand; placement and use of hard structures, such as offshore
segmented breakwaters. These methods will help ensure that the shoreline
miaintains its integrity and protects interior marshes while continuing to allow

tidal exchange.

Lake shoreline stabilization. The plan recommends stabilizing key areas along
the Chenier Plain's bay and lake shorelines that, if breached, would have
catastrophic results for the landscape. By preventing lakes from growing in size,
stabilization will also protect surrounding marsh, cheniers, and coastal prairie from
wave induced erosion.

Hurricane Protection

If the state and nation are to continue enjoying the benefits provided by the
communities of south Louisiana, new and upgraded hurricane protection systems
are necessary. The level of protection provided will be proportional to the assets
at risk. There is concem that levees built across swamp and marsh would stop
the flow of water, leading to further wetland loss and creating impoundments

that flood communities. These concerns must be addressed as projects

are developed.

Consider the entire system. Water, sediment and nuirients must be delivered to
the wetlands, and overall hydrology must be improved by minimizing impediments
to water flow. Protection and restoration actions must be designed to waork
together to ensure that they do not induce flooding in low-lying communities,

and that flood water is not trapped within the system.

Hurricane protection structures must be built and
maintained so that the ecosystem remains
dynamic and functional.
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Use non-structural measures to reduce risk. Given that levess and
restored wetlands cannot eliminate all damage from flooding and storms,
non-structural solutions offer tools that communities can use now to reduce
their risks. In this regard, keeping wet areas wet is important, both for safety
and flood control reasons. Approved evacuation plans must be followed, and
evacuation routes must be propery maintained and armored as necessary.
Communities must also follow FEMA-approved hazard mitigation plans and
consider compartmentalization plans.

Non-Structural Solutions: Tools Citizens Can Use

* Flood insurance. Becausa of its low ying topography.
Louisiana has th Iy |
nation. ¢

1at reduce the

ds arae

Focused structural solutions. Restoration and non-structural measures can
reduce the risk from storm surge. But in most areas of coastal Louisiana,

the number of people and assets at risk warrants higher degrees of
protection. The Master Plan recommends building hurricana protection
gystams in thae following areas.

* | ake Pontchartrain Barrier Plan. To increase protaction in metro
Mewr Orleans, including areas such as the Morth Shore of Lake
Pontchartrain that have no protection today, an outer barrier must
be built. This barrier should raise protection over the level neaded
to withstand a storm that has a 1% chance of occurring in
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Integrated Ecosvalerm Rastoration and Hurricans Protection:

Louwisiana's Comprehensive Master Plan for a Bustainable Coast

any given year. Figures 13-15 show some concepts being
considered for this project, but additional planning and design is
needad in order to select the appropriate alignment,

* Baratanis Basin and West Bank, Additional huricane protection
structures must be built to increase protection to the West Bank
of metro Mew Orleans and to provide protection to central and
western Barataria Basin communities that have no protection
today. The upgraded hurricans protaction system would work
with projects already underway to provide the West Bank with
protection over the level needed to withstand a storm that has a
1% chance of occuring in any given year, In addition, the project
would provide protection to Lafourche Parish and the communities
in the central Barataria Basin sufficient to withstand a stomm with a
1% chance of oocurring in any given year,

The state is awaiting the results of further modeling to refine
atternative alignments for this project (see Figures 16-18 for some
possibilities now under consideration). In addition, new
enginesring options are needed in order to design flood control
structures that will work in conjunction with diversions north of the
alignment. Together, these structures should be planned and
designed to maximize sustainability while providing nesded
hurricane protection. All of thess issues will be explored in depth
as feasibility studies for the project are conducted,

* Plaguemines Parish, The plan recommends a multi-faceted
protection plan for Plaguemines Parish, All sections of levess
intendead to provide hurricans protection would become faderal
levees under this plan. Levess south to Oakville would be raised to
provide a greater than 100 year level of protection, meaning
protection over the level needed to withstand & storm that has a
1% chance of occurring in any given year, Levees between Oakville
and Myrtle Grove on the west bank and between Casrnarvon and
White Ditch on the east bank would be improved to improve to
withstand a storm that has a 1% chance of cccurring in any
given year. As stated above, these stretches of levess would be
made part of the federal hurricane protection system.
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The drainage levee south of Myrtle Grove would also be
federalized and brought to the same elevation as the current
federal hurricane protection levees in southern Plaguemines
Parish. South of 5t. Jude on the west bank and south of Phoenix
on the east bank, the levees would be maintained at their currenthy
authorized heights. This plan would protect concentrations of
industry and populations, while respecting the limitations imposed
by the unigue geography of Plaguemines Parish.

* Terrebonne Pansh and Afchafalaya Delta. The plan recommends
construction of the existing alignment for the Morganza to the Gulf
project, which has been approved after more than 15 years of
study by citizens, scientists, and federal agencies. The project will
protect the Houma/Thibodaux area, which has a growing
population of over 200,000 residents and is curently unprotected.
An inner barrier to provide a second line of defense south of
Houma may also be needed, pending further study. Regardless,
the Morganza to the Gulf project must proceed without delay.

= [ A 1 Highway Cowridor. Louisiana’s southernmost port is Port
Fourchon, strategically located in the central Gulf region where it
serves as a focal point for deepwater cil and gas activities.
However, the only roadway connecting the port to the rest of the
nation is the vulnerable, two-lane LA 1 highway. Efforts are
underway to upgrade and raise on concrete structure the sections
of LA 1 that are outside of the existing levee system. To protect
the portion of this federally recognized energy corridor that lies
within the levee system, the levee between LaRose and Golden
Meadow should be raised significantly to provide a 1% level of
protection. This means that the protection would be sufficient to
withstand a storm with a 1% chance of cccuring in any given
year. Completion of the Morganza to the Gulf and Donaldsonville
o the Gulf projects, together with restoration activities, would
further increase levels of protection to this highway. If ongoing
meodeling and analysis show that risks to assets in this area remain
unacceptably high, the Master Plan recommendations will be
medified accordingly.
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* Acadiana. In this region, the highest concentrations of assets are
found in Lafayette, New |beria, and Abbeville. The plan
recommends that these areas receive a greater than 100 year
lewvel of protection, meaning protection over the level neaded to
withstand a storm that has a 1% chance of occurring in any
given year. Areas between Mew |baria and Berwick/Patterson
should be protected to withstand a storm with a 1% chance of
OCCurting in any given year. Howewver, much planning and
analysis remain to be done before deciding how best to protect
this region.

= Chendar Plain. The plan recommends that the Lake Charles/
Sulphur area receive a greater than 100 year level of protection.
This may be achieved with a ring levee that surrounds
population centers as well as critical oil and gas infrastructure.
Much planning and analysis remain to be done before
deciding how best to protect this region.

Areas betweean Abbeville and Lake Charles, where the human
population is large but dispersed, would initially be protected by
fortifying spoil banks and raising highways in critical locations. I
the highway is located on or at the base of a chenier, raising it
further is likely unnecessary. The plan recommends improving
protection to homes and properties located on cheniers by
armaoring highway embankments in certain vulnerable locations.
In selectad low spots, such as along the eastern edge of
Highway 82 south of Forked |sland, the highway will nead to be
raized in order to protect the Mermentau Freshwater Basin. If
further anakysis shows that these measures will not provide
anough protection, a leves would be considerad along the
GIWW. This analysis iz ongoing.

Mext Steps: Implementing the Master Plan

Some of the measures described above must be implemented before others
for a variety of reasong, including: funding constraints, institutional barriers,
technical unknowns, and the requirerments of individual projects. The stata’s
Annual Plan: Ecosystem Restoration and Hurricane Protection in Coastal
Louisiana will be the vehicle for presenting yearly scheduling and cost
information about projects. The Annual Plan will also offer yearly updates

on progress, strategies, technical challenges, and pricrities.
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An adaptive management strategy underlies every aspect of what the
program will accomplish in the coming years. This strategy uses a science
and performance based process for assessing how the plan and its projects
need to change over time so that the best available practices are
consistently used. The usze of adaptive management also presupposes
strong engagement from citizens and other affected constituencies. Such
engagement involves enhanced dialogue with a range of stakeholders,
including landowners, fishers, and the navigation community, as well as
scientific, engineering, and other technical expearts.

Wie must alzo resolve important challenges, from scientific and technical
uncertainties to institutional constraints. For example, we nead better models
50 that we may better assess how to balance the many interests involved as
wie build flood protection systems, create marsh, and use multiple river
diversions in the same estuarine basin. Changes in laws and policies are
alzo needed to ensure successiul implementation of the plan.

Plan Recommendations for Removing Institutional Constraints

Increase awareness and use of non-structural protection measures
Improve land use planning, zoning, and permitting

Develop fair and equitable processes for acquiring surface land rights
Foster the sustainability of coastal forests

Obtain dedicated funding for coastal protection and restoration
Address challenges at the federal level
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We are living in a historic moment, one that presents
us with a stark choice: either make the bold and
difficult decisions that will preserve our state’s future,
or cling to the status quo and allow coastal Louisiana
and its communities to wash away before our eyes.

As the coastal program moves ahead, the plan recommends that a Coastal
Assessment Group be made part of the state's management structure, along
with an Applied Coastal Engineering and Science Program. These groups
would be responsible for making sure that advancements in science and
technology are integrated into the state's program.

Stringent inspections of hurricane protection systems, assessments of the
effects of restoration and protection actions, and regular updates of the
Master Plan are alzo important tools for keeping the program on track.

These recommendations assume as their point of departure that saving
coastal Lovisiana and the critical services it provides reguires the same basic
commitment from all concerned: the resolve to achieve and maintain an
unprecedented level of excellence in our stewardship of coastal Louisiana.
This commitment does not seek to elevate one set of needs over ancther,
but rather to balance the many interests — cultural, economic, and

ecological —that together make America’s Wetland one of the most

unigue and vital coastal regions in the world.
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Appendix 5: Team Louisiana Report — Executive Summary

From Ivor LL. VaN HEERDEN, G. PauL KeEmp, HAassaN MasHRIQuI, RADHEY SHARMA, BILLY
ProcHaskA, Lou CapozzoLl, ART THEIS, AHMET BINSELAM, KATE STREVA, AND EZRA BoyD, TEAM
LouisiaNA, THE FaiLure oF THE NEw ORLEANS LEVEE SYSTEM DURING HURRICANE KATRINA,
S7aTE PROJECT No. 704-92-0022, 20 (2006), available at http://www.dotd.louisiana.gov/

administration/teamlouisiana/.
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Executive Summary

Louisiana State University (LSU) was commissioned in October, 2005 by the
Louisiana I_Jﬂ]:arrm::n'r of Tran!i]:nrtatinn and Development (LDOTD) to assemble a
team of Louisiana-based academic and private sector experts to "collect forensic data
related to the failure of the levee systems around greater Mew Orleans” that occurred
during passage of Hurricane Katrina on the moming of 29 August 2005. This group,
later known as "Team Louisiana,” was to focus on the hurricane protection system
{HPS5) designed and constructed over a 40-vear period by the US. Army Corps of
Engineers (USACE) for the East Bank of the Greater New Orleans area (GNO),
including New Orleans East and 5t. Bernard Parish.

One way to look at the Katrina event is as a catastrophic natural disaster, and, with
respect to the magnitude of the storm surge, it was, This approach tends, however, to
minimize the engineering contribution to the direct or indirect loss of as many as 1,500
Louisiana residents (including the over 130 still missing as of December 2006, most
considered swept away and drowned). Owver 100,000 families were rendered
homeless, making the destruction of New Orleans the worst from that perspective
since the record Mississippi River flood of 1927, The response of the Nation to that
natural disaster, even though it cost far fewer human lives, came in the form of an
unprecedented engineering program to ensure that the flooding of the Lower
]"..-Ijsﬁissil:lpl Valley would never happen aEa:i:n. The federal HI'S that was authorized
in 1965 to protect New Orleans following Hurricane Betsy had the same goal, but was
clearly ineffective. It is important to understand why.

From an engineering perspective, forensics science is the study of materials, products,
structures or components that do not operate as intended. In the context of the
flonding of New Orleans, the purpose is to understand, first, what performance was
expected from the GNO HPS and, second, to identify causes of failure as part of an
effort to improve future performance.

Team Louisiana was asked, more specifically, to develop a time-history of surge and
wave elevations for levee and floodwall reaches that failed, to compare this
information to the designed and actual levee crown and floodwall crest elevations,
and to assemble and examine all relevant design memoranda, construction plans and
as-built surveys. In addition, Team Louisiana was asked to participate in debriefing
of eye-witnesses, assembling stopped clock data, collecting aerial and ground level
photographic evidence, and conducting non-destructive testing fo determine soil
toundation conditions and sheetpile depths in the vicinity of floodwall breaches.
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At the time that Team Louisiana was commissioned, researchers from the LSU
Hurricane Center had already fielded a reconnaissance effort that had uncovered
apparent discrepancies between what was observed and early USACE statements
about the causes of levee and floodwall failures. Following public discussion of these
findings, three other investigations were organized by external groups as diverse as
the University of California, Berkeley and the American Society of Civil Engineers, as
well as by the USACE itself. These investigative teams included few scientists or
engineers from Louisiana. Secretary Johnny Bradberry of the LDOTD saw a need for
an official state-sponsored initiative to ensure that state and local perspectives were
not ignored as the investigations proceeded.

The external study teams, particularly the Independent Levee Investigation Team
(ILIT}) that grew out of the UC Berkeley initiative, and the Interagency Performance
Evaluation Team (IPET) sponsored by the USACE, concluded their work and issued
final reports earlier this summer. The findings of these investigations differ with
respect to some details, but generally concur on the specific mechanisms of most of
the foundation-related floodwall failures. It is not surprising, however, that from a
local perspective, these external probes appeared to miss some of the context in
which the design and construction of the still incomplete federal HPS - originally
planned to take 13 years at a total cost of less than $90 million - stretched out over 40
yrars.

The GNO HIS project employed two generations of USACE employees at an
estimated total cost more than $700 million, while consuming nearly $200 million in
locally generated funds. Owver this time, the USACE provided local sponsors with
many conflicting claims, but few reliable assurances, of the actual level of protection
being provided. The cost to repair the CNO HI'S to pre-storm condition has cost as
much in the year since Katrina as was spent in the previous 40 years. The repaired
HPS still provides a substantially lower level of protection than was originally
authorized in 1965. Given this history, the multi-generational tension between the
USACE and those being protected in the CNO is complex and easily misunderstood.
It 15 hoped that this report will enrich the historical record and provide additional

local perspective.

Dr. Ivor van Heerden, Director of the Center for the Study of Public Health Impacts
of Hurricanes and Deputy Director of the LSU Hurricane Center, was selected to lead
these efforts. Dr. van Heerden recruited three other LSU scientists including an
oceanographer, a hydraulic engineer, and a geotechnical engineer.  This group of
academic researchers was significantly augmented by the addition of three senior
engineers from the private sector.  These members included two geotechnical
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engineers and a water resources engineer who had each participated in the design of
numerous flood control works in the GNO area across the entire 40 year evolution of
the Lake Pontchartrain and Vicinity Hurricane Protection Project.

The surge generated by Hurricane Katrina, a Saffir-Simpson Category 3 storm on
landfall, is unprecedented in U5, history, There is a potential for any forensics
investigation to convey an apparent omniscience derived from 20:20 hindsight, and to
lose sight of key points like this one. We have tried to avoid this trap by focusing on
what was known at the time the CNO HPS was designed, the analytical tools that
were available then, and what tools were used.

On the other hand, engineers — then or now = all work with uncertainty and follow
accepted practice to account for unknowns that increase the risk of failure. As one of
our senior engineers pointed out, it is the anomalous stratum, rather than the average
soils condition, that generally causes foundation failure. Engineers address these
uncertainties in levee and floodwall design by adding freeboard to raise crown
elevation beyond the minimum specified, by inflating the stress to be resisted by a
"factor of safety” sufficient to account for unknowns, and by incorporating redundant
measures to limit the effect of the failure of a single component. These are some of the
key features that distinguish a safe system from one that is unsafe. Such elements are
the focus of this investigation.

This report is organized in two parts. The first part provides background information
critical te understanding the physical and historical setting relevant to fleod
protection and drainage; the magnitude and sequence of stresses placed on the HPS
by Hurricane Katrina; and the nature of the flooding that directly or indirectly led to
the loss of as many as fifteen hundred Louisiana residents, and the destruction of
much of New Orleans. The second part addresses the forensics 1ssues as we see
them. The following key questions were formulated to guide the forensics
investigation. Each is discussed briefly here, and examined in more detail in a
separate section of this report.

I. Was the GNO HPS5 properly conceived to accomplish the 1965
Congressional mandate to protect against the “most severe combination of
meteorological conditions reasonably expected?”

2. Were the levels of protection, or crown elevations, specified in designs for
HP5S elements sufficient to resist overtopping by surge and waves
associated with the 100-yvear Standard Project Hurricane?
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3. Did incorrect design assumptions compromise performance? Should these
have been detected and corrected by enginecrs equipped with the tools
available at the time?

4. Did the Mississippi River Gulf Outlet (MRGO), a free-flowing, deep-draft

navigation canal that pierced the HPS on the eastern side, compromise

system performance?

Was the systemn maintained and operated to assure the required level of

protection through time? Specifically, how did the 40-year construction

schedule impact system performance?

¥ |

Question 1, Was the GNO HPS properly conceived to accomplish the 1965
Congressional mandate to protect against the “most severe combination of
metearological conditions reasonably expected?”

Answer 1. No. The initial meteorological and oceanographic analysis based on the
1959 U5, Weather Bureau 1 in 100 year Standard Project Hurricane (ST'H) was known
to be obsolete by 1972, just as construction of initial parts of the GNO HPS was getting
underway. The primary deficiency of the 1959 SPH was in the specification of
maximum sustained wind speed, which the National Weather Service (NWS) had
increased by 20 percent, from 107 to 129 mph. The steady-state analytical approach
used by the USACE to develop surge estimates was as sensitive to the effect of wind
velocity as laber numerical modeling approaches (i.e. SLO5SH or ADCIRC), and should
have alerted the USACE to the danger of underestimating wind speed. This analysis
provided a design basis for setting the minimum heights above mean sea level for
levee and floodwall crowns to resist overtopping by combined SPH waves and surge.
A 20 percent underestimate of maximum winds can lead to a 40 percent reduction in
the predicted surge elevation, In 1979 the NWS raised the maximum sustained winds
to 140 MIPPH, a category 4 hurricane!

The New Orleans District USACE was aware of this deficiency in the original analysis,
as is indicted by testimony in 1976 and 1982 General Accounting Office {CAO)
reports, but never revised the original 5PH-based analysis to reflect the new
understanding of the threats, even after being ordered to do so by the Chief of
Engineers in 1981 (ER 1110-2-1453). New Orleans residents were not advised that the
GNO HIPS required significant improvements to meet 1 in 100 year SPH requirements,
but, instead, the New Orleans District claimed at times that the GNO HPS would
protect against a 1 in 200 to 1 in 300 year hurricane. No basis for this claim has been
established, while numerous storms that have affected the GNO area — before and
after the 1965 initiation of the HP'S -- were more severe than the 1959 SI'H,
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Ihe Mew Orleans District (NOD) USACE missed opportunities to revise the original
SIPH-based ana]}-'ﬁi& after the MNWS revised the SPH in 1972 and 1979, and when the
SLOSH storm surge model came into use in 1979, SLOSH showed clearly that the GNO
HPS, as it was constructed at the time, was vulnerable to overtopping by many possible
Category 3 storms. This result was confirmed later by the ADCIRC model, as recently
as during the 2004 FEMA Hurricane Pam exercise
(http:fhurricane. lsu.edu/flood prediction/I’AM _Exercise(d/). The USACE supported
development of both surge models and was aware of GNO HIS vulnerabilities, but
appeared to accept the inadequacy of the system with a complacency that undercut
efforts to sound alarms and begin pressing for improvement.

Question 2. Were the levees and floodwalls at or above the crown elevations
specified in designs for HI'S elements necessary to resist overtopping by surge and
waves associated with the Standard Project Hurricane?

Answer 2, No. Floodwall and levee crown elevations were built 1 to 2 it low because
of an erroneous assumption at USACE New Orleans District (NOD) that an elevation
of zero referenced to the Mational Geodetic Vertical Datum of 1929 (NOVD29) was
equal to -- and interchangeable with -- local mean sea level (LM5L). LMSL was the
relevant datum for superimpositon of hurricane surge and wave height from a 1950's
era oceanographic analysis. In 1965, zero NGVDI9 was between 1.3 and 1.6 feet
below LMSL at different parts of the system, and floodwalls and levee crowns were
constructed lower by this margin. This mistake was locked in for continuing HI'S
construction when the NOD adopted a policy in 1985, with the approval of the
USACE Lower Mississippi Valley Division (LMVD), to explicitly vse the putdated 1965
NGVD29 adjustment for elevation control. As a result, no provision was made to
account for the 3 to 4 [t/eentury subsidence rates characteristic of the GNO area even
though this rate was known at the time of authorization. Crown elevation deficiencies
ranging up to 5 feet at the time Katrina struck resulted in prolonged overtopping of
floodwalls and levees along the Inner Harbor Navigation Canal (THNC) and to the
east in the Lake Borgne funnel that otherwise would have been overtopped only
briefly. 'rolonged overtopping led to catastrophic breaches into the Lower 9% Ward
on the east and into Orleans Metro on the west, and contributed to the early failures of
levees along the Gulf Intracoastal Waterway (GIWW) and MRGO. Early failure of the
MRGO levee allowed the 32,000 acre wetland buffer between MRGO and 40 Arpent
back levee to fill and overtop the 40 Arpent back levee while the surge was still rising,
and resulted in catastrophic flooding in 5t. Bernard to an elevation of 11 ft (N AVI8E),

Question 3. Did the USACE follow existing engineering practice and USACE
guidance for construction of levees and floodwalls? Should issues about levee
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materials and floodwall designs have been detected and corrected by engineers
equipped with the tools available at the time of construction?

Answer 3. No to the first question, and yes to the second. Weak soil strengths or
potential for underseepage were evident in strata tested for the USACE dunng the early
19805 under Orleans Metro drainage canal floodwall levees that failed. The potential
conscquences of these layvers on levee stability were known to practicing engineers at
the time but were missed or ignored because of inappropriate averaging of sl
strengths on long levee reaches and across layers. Design engineers assumed that
consolidation of soils beneath the [-wall levees on the 17 Street Canal would have
increased soil strengths over time, but berings and soundings conducted since Katrina
show that very soft clays in the failure zone have strengths less than values assigned
in 1981, Where Division-level reviewers identified potential problems, they were
rebuffed by District personnel citing “professional judgment.”

The Mew Orleans District USACE failed to conduct appropriate analyses of the
potential for seepage to compromise levee and floodwall stability where shallow sand
deposits occurred beneath the levee, such as at the London Avenue Canal. Design
memoranda indicate reliance upon the Lane’s Weighted Average Creep method for
underseepage analysis. This method was recognized in the profession at the time to
be inappropriate for final design in a critical life-support structure. The presence of
layered sands and clays should have led to analysis using more rigorous flow net and
finite-element technigques in widespread use at the time, and specified in the
governing USACE engineering manual for Design and Construction of Levees (EM
1110-2-1913, 1978 ed.). Sheetpile supported [-walls that were installed on levees with
cross=-sections too small to prevent underseepage also did not provide sutficient
resistance when fully loaded, no matter what the sheetpile length. There is no
evidence that rigorous analysis of uplift pressures was undertaken.

Idealized design templates were applied to long levee and foodwall reaches without
adjustment for variable subsoil conditions or for variations in elevation on the
protected side. IPET believes that such a mistake caused the levee supporting the I-
wall levee to be constructed improperly in the vicinity of the north breach into the
Lower 9" Ward, where the ground elevation on the protected side was lower. The
foundation may have failed early in the storm sequence at a water elevation well
below the design level of protection because of inadequate resistance.

The New Orleans District USACE did not follow standard engineering practice or
Corps guidance when evaluating whether to protect {armor) earthen sea dikes from
erosion caused by waves in the funnel area east of the city. Such evaluations should
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have followed the 1954 TR-4 Share Protection Planning and Design (Beach Erosion
Board) or its successor, the Shore Protection Manual, first published in 1973, Instead
of the required analysis, Design Memoranda for the New Orleans East and Chalmette
Levees substitute the following disclaimer.

“Due to the short duration of hurricanc flood stages and the resistant
nature of clayey soils, no erosion protection is considered necessary on the
levee slopes.™

These levees were not designed to withstand general overtopping, as was amply
demonstrated in Katrina, but were expected to experience overtopping by waves
greater than the significant wave provided in the oceanographic analysis. Many miles
of the Chalmette and New Orleans East Levees were constructed of shell-rich sands
with poor erosion resistance derived from the hydraulic excavation of the adjacent
CIWW and MRGO channels, rather than the hauled clay soils specified for levees
protecting urban areas (EM 1110-2-1913, 1978 ed. ).

Cuestion 4. Did the free-flowing, deep-draft navigation canal that pierces the HPS
or iks eastern side compromise system performance?

Answer 4. Yes. The MRGO and GIWW channels provide efficient conduits to funnel
surge into the heart of New Orleans. As a result, surge elevations peaked in Lake
Borgne and the THNC almost simultaneously at higher levels relative to levee and
floodwall crowns, and earlier, than would have been true if the MRGO had not been
built, and if the wetland loss it caused had not occurred. The effect of these federally
constructed and operated channels on surge and waves has consistently been
underestimated by the USACE from before Hurricane Betsy, right through to the
recent [PET report, as has the effect of accelerated wetland loss in the funnel area.
One consequence of this institutional “blind spot” was that a hurricane barrier of the
type proposed in the original pre-1980s HFS for the other two main passes into Lake
Pontchartrain was never included for the MRGO.

The ILIT and IPET have indicated that the original “barrier” approach was a better
design than the “high-level,” levees-only HPS ultimately adopted twenty yvears after
authorization. But our work indicates that disastrous flooding during Katrina from the
Lake Borgne funnel and the IHNC would have been exacerbated by the barrier
proposed at the Lake Pontchartrain terminus of the IHNC (Seabrook). On the other
hand, the Lake Pontchartrain surge along the south shore might have been reduced by
up to 3 ft, and by a greater margin on the north shore, by the barriers that were
propased for the two other Lake Pontchartrain passes. This might have been enough to
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prevent one or more of the failures of the defective Orleans Metro drainage canal
floodwalls built in the 1990s, and this would have greatly reduced the severity of
prolonged flooding in Orleans Metro. Such trade-offs were never nigorously assessed
when the decision was made to change the HPS design in such a major way in 1985 at a
time when surge modeling technigues using SLOSH werne available. Apain, the level of
protection was reduced without informing the population at risk.

Question 5, Was the system maintained and operated to assure the required level of
protection through time? Specitically, how did the 40-year construction schedule
impact system performance?

Answer 5. Mo, The GNO HI'S was managed like a circa 1965 flood control museum.
Design assumptions and le]q.r made in 1965 continue to diminish the HFS today.
Local sea level has risen 0.4 ft since the 1960s and much of New Orleans has sunk over
1.5 ft in the same period for a combined change of nearly 2 ft relative to sea level, but
as IPET {11-78) noted,

“It was not clear how projected subsidence rates were applied in
structural elevation design, if at all. Subsidence was apparently not
factored into the design freeboard allowance.”

Prudent engineers operating in coastal Louisiana have made allowances for
subsidence for a century, The New Orleans District was one of the first agencies to
directly map coastal wetland loss in Louisiana, but this ever continuing diminishment
of 51 rige protection was never im.:r_lrpgrated into di-".‘ii.E]'l philosophies. An analysis of all
factors affecting levee elevation is required as part of FEMA Levee Elevation and
Certihication Requirements (44CFR65.10). It is inexcusable that this was not done tor
what was the most critical urban coastal protection project in the country.

Maost public works structures would be scheduled for replacement or rehabilitation
after 40 years, but planning for a more modern system was put off while the original
project fell farther and farther behind. Because the USACE never completed the 1965
project, it could not legally pass responsibility for major maintenance or upgrades to
the local sponsors, or initiate a new project to bring protection to a higher standard.
Local sponsors kept levees and rights of way mowed, operated drainage structures,
commented on USACE design memoranda, and participated in inspections, They
were not, however, consulted on design or construction decisions. On the other hand,
they were required to pay 30 percent of all costs incurred for a level of protection that
appeared on some réaches to diminish over time. When Katrina struck, the crown
height on most levee and floodwall reaches was between 1 and 3 ft low relative to
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Orleans Metro drainage canals.  Although the federal government had overall
responsibility for the GNO HPS, the slow pace at which federal funds were made
available ($3 to 5 million per year) led local agencies and their contractors to take a lead
in many cases to get work started with local funds. As has been discussed, the USACE
escalated the protection claimed for a completed Lake Pontchartrain and Vicinity
Project from the 100-year to the 300-year storm level without changing any proposed
structures. This claim led local engineers to believe that designs originally proposed for
some HFS elements were excessively conservative, and that an adequate system could
be constructed more guickly and at lower cost without significantly sacrificing
performance or reliability.  In contrast, most investigators who have reviewed the
designs after Katrina have concluded that factors of safety applied by the USACE were
anything but conservative given the criticality of subsurface soils and the consequences
of failure.

Levee districks are state commissioned entities advised on engineering issues by the
LT, LDOTD assumed this function after a reurganiza['icun in which it absorbed the
duties of the earlier Louisiana Department of Public Works in 1978, The levee districts
have the authority to raise funds within their boundaries tor flood protection projects.
They have typically been the cost-sharing sponsors for development of jointly funded
federal hurricane protection systems, They also assumed limited responsibilities for
maintenance of portions of the federal system that the USACE decided were
“substantially” complete, if not actually finished.

Another important factor came into play, however, after the National Flood Insurance
Program (FIP} was established in 1968, Local governments sought to enhanee economie
growth by encouraging residential and commercial construction in new areas, often
former wetlands, which were ringed by relatively low levees and subject to pumped
drainage. With the advent of the FIP, development in these newly drained areas could
proceed only if those who purchased properties there could also protect that investment
with federal flood insurance. The Federal Emergency Management Agency (FEMA)
would permit new areas to enter the FIP only if the levees and drainage system could be
certiied as providing protection against both the 100-year storm surge and 100-year
rainfall event,

In the GNO, FEMA relied upon the USACE to provide engineering evaluations of flood
risk in areas protected by both federal and non-federal levee systems. So local
governments, rather than the levee districts, entered into discussions with the USACE
to find out what minimal levee heights were necessary for certification against the 100-
vear surge event. If the USACE found that the perimeter leves system was high enough
to prevent overtopping, then FEMA generally aceepted this finding without requiring
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geotechnical or construction information normally called for to meet FEMA levee
standards (44CFR65.10).

Once the USACE determined that the levees were adequate, or, quite often, slated to
become adequate sometime in the future, the “protected” areas were then analyzed
only for the capacity of the internal drainage system to remove rainfall. The probability
that the perimeter levee would be breached or overtopped was not considered. The
internal drainage capacity was then used to determine the Base Flood Elevation (BFE)
that governed how high buildings had to be elevated, and the location of flood zones on
the Flood Insurance Rate Maps (FIEMs). Development accelerated once BFEs and
FIEKMs were issued. Thousands of people moved into suburban areas on the outskirls
of the GNO in some cases before levee and drainage systems were complete or fully
functional.

The IPET found that the GNO HPS failed to function as a system, but from a local
perspective the HPS was successtul for decades as a mulli-purpose economic
development tool that had an important role in facilitating drainage. Extreme rainfall
events were far more frequent than hurricane surges, and apparently could be
addressed, at least in the short-term, without a complete 5PH-level hurricane
protection system in place. Local officials were all too ready to believe glib assurances
from the Nation's premier civil engineering organization that they were well
protected against 100-year hurricane Hlooding.

Where Things Stand Today

The Lake Pontchartrain and Vicinity project employed generations of USACE
employees and contractors at an estimated total cost of more than $500 million, while
consuming nearly $200 million in state and locally generated funds. Prior to Katrina, it
was estimated to be about 85 percent constructed, but was not expected to reach
completion until 2015. A similar West Bank and Vicinity project had been initiated on
the other side of the river in 1986 after serious flooding associated with Hurricane Juan.
The West Bank HI'S was expected to cost 3330 million, again with a 35 percent local cost
share, and was only 38 percent built prior to Katrina. Though it started much later, it
was scheduled to be completed only a yvear after the east bank HPS, This much less
capable system was not tested in 2005 to the same degree as the east bank HPS.

The pre-Katrina combined estimate of cost to complete the east and west bank GNO
hurricane protection systems, a total of about $1 billion, can be compared with costs
recently compiled by the USACE for emergency repairs to the two projects since
Katrina, and with estimates of additional expenditures necessary to achieve a more
realistic 100-year level of protechon. Emergency repairs carried out by USACE
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contractors in the year since Katrina to return the GNO levees and floodwalls to the pre-
storm condition have cost between $400 and %600 million, if the interim lakeshore
drain;nge canal closures are included.

The repaired HP5 still provides a substantially lower level of protection than that
originally authorized in 1965. Dr. Bob Bea, Co-Director of the University of
California, Berkeley, Center for Catastrophic Risk Management, and an ILTT member,
recently pointed out that “the repaired sections of the hurricane protection system are
the strongest parts,” but that "strong pieces embedded within weak pieces do not
translate to a reliable system®™ (Bea 2006). Currently authorized projects to construct
permanent lakeshore closures with pumps for Orleans Metro drainage canals will add
an additional 5100 to 5200 maillion. S-I.I_TEE' gates for the IHNC and MRGO are ex pul-:rt-r;rd
to cost at least $200 million more.

It is evidence of how pervasively under-built the system was that it has cost as much
after Katrina to repair the GNO HPS to a marginally stable pre-storm condition as was
spent in the previous 40 years. The USACE now estimates that between 2 and 54
billion will actually be required to achieve the minimal 1(0-year level of protection
generally required for participation in the Federal Emergency Manasgement Agency
(FEMA) flood insurance program. The level of protection that this will achieve should
not be confused with the much higher Category 5 hurricane protection now being
studied by the State and USACE. That will cost much, much more.

The Barrier Plan Revisited

One of the flaws of the Lake Pontchartrain and Vicinity Project authorized in 1965 15
inherent in its name. The primary threat to New Orleans at the time the oceanographic
analysis was being conducled in the 1950s -- prior to the construction of the MRGO and
before most of the suburban development in New Orleans East and 5t Bernard - was
always seen as coming from the Lake. This is apparent in the planned Seabrook
structure, which, had it been in place during Katrina, would have been as useful as the
French Maginot Line in World War Il addressing a threat coming from the wrong
direction. The highest storm surges that have caused flooding in the GNO since
Hurricane Betsy have always come from Lake Borgne rather than Lake Pontchartrain,
and this is likely to remain the most probable scenario going forward,

Today, the USACE seeks funds to rebuild flood defenses for a ruined city that will offer
a level of protection originally conceived in the late 1950s. The evolution of the
otandard Project Hurricane shows that this level of protection was known to be
inadequate by at least the early 1970s. Since Katrina, elements of the 1950s era plan that
were not built , notably the tidal pass closure structures, have been retrieved from
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mothballs, and are now being included in virtually all restoration plans. Given this
impetus, Team Loulsiana used the ADCIRC model to see how these closures would
have affected performance during Katrina.

Results do not show the large reductions in surge in Lake Pontchartrain that some have
suggested, excepl along the north shore, where they would certainly have helped.
Elsewhere around Lake Pontchartrain, the more important effect would have been to
reduce the cumulative volume of flooding through the drainage canal breaches over the
next two days, Lake elevation along the south shore with the barriers in place would
have dropped to its normal level within hours, instead of taking more than two days.

The lake closure at Seabrook, on the other hand, would have prevented drainage to
Lake Pontchartrain of the surge coming in from Lake Borgne and caused more damage
due to overtopping and breaching of levees along the IHNC, The model predicts that
the greatest increase, over 3 feet, would have been observed just south of the Seabrook
structure, but an increase in the surge maximum of a foot or more would be spread over
a very large part of the MRGO funnel as water that actually drained to Lake
Pontchartrain during Katrina was trapped.

Looking Ahead

The integrated levees and barrier structures now being proposed to provide "Category
5" protection to the GNO by state and federal agencies are similar in many ways to the
barrier plan proposed in the late 1930s and authorized after Hurricane Betsy. Clearly,
redundant flood protection features can be built to improve reliability. The same can be
said about multiple levee lines separated by restored wetland areas designed for short-
term storage of surge waters, It appears, however, that most of the proposals being
presented continue to rely on legacy levees, which, though they may be built higher, are
likely to suffer from legacy flaws. Katrina has taught that the long-term reliability of
such structures cannaot be assured, given the exposure to Surge and wawve that must now
be assumed.

The experience with the Chalmette levee along the south bank of the MRGO is
instructive. The reasons that it failed as early as it did can be debated, whether due to
design or construction, but the result is indisputable. Ultimately, the USACE found
that it could not retain this earthen structure at the design grade despite two major
augmentations in the late 1970s and mid-1980s, and a less extensive rebuilding in the
early 19905, Efforts to improve reliability by armoring the recently rebuilt MRGO levee
have been hampered by awareness that the new embankment will reguire additional
lifts at relatively short intervals to counteract erosion and settlement, before it reaches a
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less dynamic condition. This remediation would be complicated by the need to
repeatedly remove and replace armor installed on the levee slopes and crown.

The only structures that survived on the Chalmette levee run were the water control
structures at Bayous Bienvenue and Dupre. They were left by the storm as islands of
solidity in a sea of destruction. One of the most important lessons of Katrina was that
pile-supported structures like these, as well as T-walls used sparingly elsewhere in the
CMNO HPS, were capable of surviving the worst that Katrina could deliver,

Team Louisiana members have been excluded from the planning for Category 5
protection now in progress. Some USACE-IPET investigators have apparently been
engaged for this work, however, so it is hoped that information derived from study of
Katrina levee failures will, one way or another, have an impact on what is built in the
Future. Qur study tells us that failure is not inevitable, but must be actively guarded
against. Proposals for more reliably protecting the eastern side of New Orleans can be
derived both from study of the GNO HPS failures during Katrina, and from inspection
of more reliable structures that have been built elsewhere. Dutch engineers would
undoubtedly propose a modular, pile-supported structure like the Oostershelde closure
across the ‘funnel,” for example, to reduce the threat of surges -::rriginating in both of the
lakes that flank Mew Orleans. The Qostershelde closure is an elevated causeway
supported by concrele piers providing guides for vertically sliding closure gates that
would be lowered only when a storm approaches. It is surely time for this type of
creativity, and not just in New Orleans, if we are to honor the 1,500 who lost their lives
during Katrina, and avoid more costly mistakes in the future.
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Appendix 6: Advantages and Disadvantages of Non-Structural
Measures for Mitigating Flood Losses

Adapted from L.A. Larson & R.E. Emmer, Floodplain Management — Mitigating Flood
Losses (Emergency Mgmt. Institute, 2005), available at http://training.fema.gov/EMIweb/
edu/fmc/ Session%2019%20-%20%20Mitigation%20Flood%20Losses%20122005.doc.
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ADVANTAGES AND DISADVANTAGES OF STRUCTURAL

AND NONSTRUCTURAL MEASURES

Beneficial and detrimental attributes of structural mitigation practices
Levees and walls
Functions

Levees along the Mississippi River and walls such as in the French Quarter of New Orleans reduce
the size of the floodplain or floodway by confining flow.

Using sheet piles or concrete walls allows for narrower rights-of-way. (Explanation note: Sheet
pile is 3/8 in. x 18 in. x 40 +/- ft lengths of sculptured steel or plastic designed to interlock and
prevent seepage.)

Beneficial Attributes

In contrast to levees, a floodwall requires less right-of-way in developed areas and reduced
seepage under or through the structure.

Depending on the location, levees may be less expensive to build than floodwalls. However,
consideration must be given to the cost of rights-of-way.

Levees and floodwalls can be located and built to protect specific areas and groups of structures.
Levees can be designed as multipurpose facilities allowing construction of roads, trails, or bike or
jogging paths on their crest or within their right-of-way. Such multiple uses are amenities for the
community.

Detrimental Attributes

Levees are mostly used along larger rivers where space is available for rights-of-way. Floodwalls
in the same location would be more expensive.

Earthen levees usually require wide rights-of-way because their bases must be broad and in
proportion to their height.

Similar to dams and reservoirs, levees and walls encourage a false sense of security in those who
live within the system. When failure such as overtopping occurs, the resultant damages can be
catastrophic.

Unless they are made part of a watershed or comprehensive community plan that includes
mitigation, flood frequency, depths and erosion are simply shifted to other areas of the floodplain
or along the channel.

Secondary consequences of these structures include:

1) Loss of access to adjacent lands, essentially isolating the community from the watercourse.

2) Modification of habitats due to fill, excavation, ponding or drainage.

3) A need for pump systems to remove internal runoff.

202



4) An obstruction of views.

5) Limiting access to the natural functions of the river.

Channel alterations

Function

Channel alterations such as straightening, deepening, widening, removing debris, paving, raising
or enlarging the bridges and culverts, and removing dams can increase the carrying capacity of
watercourse (U.S. Water Resources Council, 1981).

Channel alterations also lower flood elevations.

Beneficial Attributes

Channel alterations reduce the extent and duration of floods.

Channel alterations can protect specific sites of localized flooding in developed areas.

Channel alterations may be designed as part of a multipurpose project that not only serves for
flood reduction but also navigation and recreation.

Removing dams can restore natural ecosystems, including fish migration and canoeing.
Detrimental Attributes

Changing the natural regime and storage capacity of the watercourse will accelerate runoff that
may cause added flooding downstream.

Channel deepening of larger streams must include a dredge maintenance component in order to
maintain the capacity of the channel, an expensive action for the local sponsors.

Modified channels will try to return to their original meandering configuration, requiring ongoing
maintenance to keep the channel in the project location.

Channel alteration results in habitat modification such as loss of wetlands, covering of shellfish
beds, removal of submerged aquatic vegetation, forced relocation of fish and shellfish, and
changed migration routes.

Diversions

Functions

Diversions, sometimes called spillways, capture a predetermined flow from the watercourse, such
as 50 percent of the 100-year-flood discharge, and route the water through an artificial channel

to receiving bodies (lakes, estuaries, larger rivers, adjourning watersheds) (U.S. Water Resources
Council, 1981). In the example of the Bonnet Carré Spillway, it can divert 250,000 cfs from the
Mississippi River into Lake Pontchartrain, thereby reducing flood stage at New Orleans.

The placement of diversions is dependent on the landscape, topography (the flatter the better),
geology and similar physical and biological factors, as well as the ability of a receiving body to

handle the additional flow.

Beneficial Attributes
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Diversions can reduce flood levels affecting developed areas that are immediately downstream
from the project.

Diversion structures may use parcels of land that are less expensive than the highly urbanized area
that might otherwise be protected with a levee.

Detrimental Attributes

Like dams, levees and floodwalls, diversions give that false sense of security in the “protected
area.”

Although the diversion structure may be small, the right-of-way for the channel (canal) may
require significant land to allow for maintenance roads, account for bank erosion and stabilization,
and safety fencing.

State laws may prohibit interbasin transfer of water.

Land treatment

Functions

Land treatments are improvement practices to reduce runoff from throughout a watershed
(uplands as well as floodplains). This requires modifying the landscape (physical, biological and
socioeconomic systems) to reduce flooding downstream.

Land treatment practices include, but are not limited to protecting forests and the under story,
planting vegetative cover, terracing, slope stabilization, grass waterways, contour plowing and
strip farming (U.S. Water Resources Council, 1981).

Beneficial Attributes

Land treatments are most commonly used on agricultural lands to slow runoff, improve infiltration
of precipitation into the soil, and help maintain or recharge aquifers.

Land treatment reduces erosion and subsequent sediment that fills streams and reservoirs.
Selected land treatments (no till or minimum tillage) result in little or no additional costs to the
agricultural community. In fact, technical and financial assistance are available through federal
programs and the Cooperative Extension Service.

Detrimental Attributes

Individual actions have limited impacts. On a watershed basis, a comprehensive program must be
developed and implemented.

Land treatment works best on smaller, upland watersheds rather than in larger river basins.
Onsite detention
Functions

Onsite detentions are typically small impoundments with uncontrolled outlets that are created by
building a dam/embankment, by excavation, or by a combination of these.
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II.

Onsite detention systems prevent or retard excessive runoff from lands stripped of vegetation or
covered by impervious surfaces (buildings, parking lots, roads, sidewalks, etc.) from reaching a
watercourse.

In part, the runoff problem can be addressed by restricting land clearing and providing for
temporary storage of runoff from a property (U.S. Water Resources Council, 1981).

Beneficial Attributes

Onsite detention captures runoff to streams while at the same time trapping pollutants (i.e.,
improving water quality).

When properly planned, onsite detention systems can be multipurpose, providing habitat for
wildlife or serving as recreation fields during non-flood periods.

Many communities can easily integrate onsite detention systems into existing and proposed
development by using rooftops, employing low-lying areas, and as a part of a parking lot.

When developers account for onsite detention early in the planning process, costs can be kept to a
minimum.

Communities can assess the developer for the needed additional services such as drainage systems
or pumps.

Onsite detention means the developer does not profit at the expense of others by passing excess
runoff to flood downstream land uses and require public works projects to reduce this flooding.

Detrimental Attributes

In some instances, initial costs fall on the landowner who simply passes the costs on to the buyer
or developer. On the other hand, the public pays for the detention system when it is part of a
multipurpose project, such as using a recreation field to temporarily hold excessive runoff. Of
course, when integrated into a development or community program, the public and private sectors
share land treatment costs.

Maintenance may be costly if not factored into the design and performed regularly. Consequently,
without proper care, a detention system loses its effectiveness.

To maximize benefits and to reduce additional flooding, project design must be designed and
coordinated with similar actions in the watershed. Improper design (usually an undersized basin)
can actually increase runoff by combining peak flows with other runoff.

Some communities require onsite detention systems be fenced or screened to reduce liability.
However, some detention basins are dry, except during flood (recreation fields or water features),
and are integrated into the land use plan. Communities may not require fencing for such features.
Nonstructural mitigation practices - specific categories

Floodplain regulations

Functions

Floodplain regulations usually designate mapped flood-prone areas and limit their uses to those

activities that are compatible with the degree of flood risk, such as restricting parking along flood-
prone streets.
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In other words, development of flood-prone lands is made more compatible with natural processes
and systems (U.S. Water Resources Council, 1981).

For local governments to implement floodplain regulations, they must:

Build on existing enabling statutes or home rule powers similar to what is used for zoning
regulations or building codes;

Implement practical and reasonable regulations for attaining their goals;
Employ maps and regulations that are based on technical data that will satisfy a court;
Not discriminate between similarly situated landowners; and

Not “take” private property without payment of just compensation (U.S. Water Resources Council,
1981).

Beneficial Attributes

Floodplain regulations are flexible and allow for integrating economic, environmental and social
values.

Floodplain regulations can become effective quickly, thereby reducing the potential for loss of life
and property damage almost immediately.

Federal, state and local agencies can usually provide technical information needed for floodplain
regulations.

Floodplain regulations can prevent unwise development and stop or slow actions as the
community plans for other activities. At the same time, they protect buyers when they purchase

property and structures in floodplains.

The community’s cost of floodplain regulations is minimal when compared to the impacts of a
flood.

Floodplain regulations protect the ability of floodplains to carry floodwaters, to prevent increases
in flood heights, or to not otherwise contribute to flooding problems.

Flood regulations help contain the costs of emergency operations, relief, evacuation and
restoration.

Government action reduces the need for future expenditures for construction, operation and
maintenance of reservoirs, levees and other flood control measures.

When structures are damaged by a flood or other disaster or have been remodeled (including
expansion), the structure must be brought into compliance with the most recent statutes or codes.

Finally, natural floodplain values and functions are preserved.
Detrimental Attributes

This is not the best method for correcting existing problems because regulations usually exempt
existing development from immediate compliance.

Unfortunately, local floodplain regulations may be easily changed. Federal programs such as the
National Flood Insurance Act will not be as readily modified.
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Landowners may experience monetary losses if the regulations prevent the land from being used
for development. Research indicates that the loss in value, however, is the greatest from actual
flooding.

Floodplain regulations have little impact in areas of slow or no growth.

Communities adopt the minimum requirements of the NFIP and assume they have a good
program. They should design a flood damage reduction program that both fits their location and is
in compliance with the NFIP.

Development and Redevelopment Policies

Functions

Local governments can encourage and direct development and redevelopment away from
floodways and floodplains (U.S. Water Resources Council, 1981).

For example, placing schools, government buildings and critical facilities outside of flood-prone
areas draws associated, dependent businesses away from floodplains.

Development policies can tie future development to comprehensive community plans and require
that adverse impacts be mitigated before the development can proceed.

To address flooding, local governments may:
1) Place signs identifying floodplains and giving depths of previous floods.

2) Require that deeds give the floodplain designation of the property,
such as an A zone or a V zone;

3) Tax floodplains in a way that encourages their use as open space or for low-density
development.

4) Offer tax credits for mitigation activities, such as floodproofing, elevating or relocating.

5) Buy properties as either a part of their mitigation plan when a community locates a flood
servitude or as part of another project such as upgrading a thoroughfare.

Beneficial Attributes

Local governments can control the construction of utilities, sewer service, and highways onto
floodplains and establish lines that restrict encroaching into channels and floodways, thereby,
reducing the need for repair and replacement after a flood.

When comprehensive community plans are developed, acquired land can be used as open space
for parks and storm water detention ponds.

Acquisition and relocation removes structures from the floodplain, making them no longer is
subject to damage.

Comprehensive planning should prevent adverse impacts and losses resulting from future
development, while reducing the community’s liability for actions that might allow development

that results in adverse impacts on other properties.

Detrimental Attributes
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Cultural enclaves may lose their identity if individuals are dispersed to sites outside the floodplain.
Once they leave, they may no longer associate with traditional symbols of the community, such as
churches, fraternal/social halls, cemeteries, etc.

People may leave the community even if the cultural enclave maintains its identity.

This option can be expensive if the property is simply cleared for open space. Coordinating with
other community programs and goals can reduce costs.

Warning and preparedness
Functions

Forecast and warning models help the National Weather Service, River Forecast Centers, local
governments and private companies estimate the projected severity and schedule of a flood. Much
of the basic data needed for these models are from USGS river stage gauging stations located
throughout a watershed.

Flood warnings and preparedness give communities and individuals time to take action in
anticipation of rising waters. For example, when exceptional precipitation is anticipated or in
regions characterized by flash floods, people may evacuate from the most dangerous locations to
escape high-velocity flows that have a history of causing loss of life.

Flood warnings give potential victims a chance to reduce or prevent flood damages to their
property by:

1) Removing or elevating a home’s contents (furniture, appliances, personal possessions) or
commercial inventories, or

2) Protecting valuables by sand bagging, installing temporary walls, closing openings, or
patrolling levees.

Warning systems for entire watersheds are getting more common and now give real-time
information from gauging stations over the Internet.

Information gets to the general public from local sources, such as TV weather segments during the
regularly scheduled news time, interrupted broadcasts and newspapers.

Beneficial Attributes

By giving communities and individuals time to prepare, warnings help save lives and reduce
property damage.

Early information guides decision makers when distributing sand, sandbags and other emergency
protection materials.

Dam and levee boards use this information for the safe operation and protection of their structure.
However, collecting needed information on precipitation, river stage readings and duration can be
expensive, unless an agency organizes volunteers to record and transmit information. Although

new automatic recording instruments are in place at some locations, the volunteer may never be
replaced.

Detrimental Attributes
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Vandalism of real- time gauges is a problem. Stealing or using them as targets can eliminate an
important source of data when they are most needed. Consequently, the stations may be inoperable
during a critical period, as they are expensive to install, update, operate and replace.

Because the initial costs for a system (setup, gauge acquisition and installation, monitoring
networks) are expensive, federal budgets are restricted, and local matches are almost impossible
to obtain, only a limited number of watersheds have sufficient stations to provide needed data for
models. Budget woes are resulting in a decrease in gauges.

Storms may interrupt the power and telephone networks. As a result, even through volunteers have
collected much-needed data, they cannot transmit it during or immediately after a storm.

Operating and testing a warning system and forecast model can be expensive and time consuming.
Floodproofing (U.S. Water Resources Council, 1981)

Functions

Floodproofing may be viewed in two ways:

1) Asa group of techniques used to keep water out of buildings or to reduce damages caused by
water, and

2) As techniques that require human intervention, i.e., permanent measures, contingent or standby
measures, Or emergency measures.

Existing buildings and facilities can be retrofitted with watertight doors and water-resistant
materials. However, it is usually more cost effective to floodproof during initial construction.

Dry floodproofing (watertight closures, sealant on walls, plastic sheeting) keeps the water away
from people or out of a building.

On the other hand, wet floodproofing allows water to enter a building. It includes using water-
resistant materials and practices, removal of contents, raising appliances (furnace, water heater,
washer/dryer) above the flood level, or limiting the use of space reduce flood damages.

Permanent floodproofing measures can be integrated into a structure in ways that obscure their
visual impact.

1) Examples include sealing openings with bricks or other flood- resistant materials, elevation,
relocation or acquisition.

2) These usually do not require any human intervention for them to be effective.

Floodproofing is more appropriate for structures on floodplains where inundation is shallow,
infrequent and has low velocity.

Contingent or standby measures are installed before an expected event and are ready for use
during a flood.

1) Examples: panels across doors or openings, window coverings, walls and pumps. However, to
be effective, someone must operate them.

Emergency measures are implemented during a flood and are most effective when operated
according to a plan.
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1) Examples: sandbags, temporary walls and pumps, removal of contents, raising contents. Major
efforts by individuals or communities are necessary for these to be effective.

Beneficial Attributes

Floodproofing is more applicable to commercial structures. Businesses can afford engineers or
architects to design a project that is professionally installed.

Generally, commercial structures are better able to withstand floodwaters. In addition, the potential
benefits are high relative to the costs of floodproofing.

Damages can be prevented to a prescribed level and on a selective basis, such as a specific
structure or activity (relocating or elevating a water heater or A/C unit).

In some instances floodproofing is easy, inexpensive and quick, such as elevating a washer and
dryer on cement blocks.

Floodproofing also reduces the disruption of activities, helps maintain essential services during
and after a flood, and contributes to faster post-flood recovery.

Floodproofing is applicable to individual units, one building or a small cluster of structures, unlike
projects such as dams and levees that protect large areas.

Detrimental Attributes

Similar to dams and levees, floodproofing can instill a false sense of security, thereby, encouraging
inappropriate or unwise uses of buildings or floodplains.

When floodwaters exceed the level of protection (dry floodproofed to 2 feet, but the flood is
2.5 feet), costs can be significant. In fact, dry floodproofing of residential structures is only

recommended to 2 feet of flooding.

If floodproofing techniques are improperly applied, water pressure against the structure may cause
its collapse.

Even though floodproofing can protect critical facilities (hospitals, fire stations, police stations),
these facilities may not be operable during an emergency when they are most critical if they

cannot be reached because the roads are impassable.

Finally, floodproofing can be costly. For example, it may be better to demolish and rebuild a
structure rather than elevate a slab-on-grade foundation.

Only the structure is protected. As people move to or from the structure, they must cross flooded
lands.

Flood insurance

Functions

The Federal government provides property owners anywhere within the limits of a participating
community the opportunity to purchase flood insurance for structures and contents (Catalog of

Federal Domestic Assistance, 97.022).

Flood insurance is available through the National Flood Insurance Program at FEMA, now a
division within the Department of Homeland Security.
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To participate, the community must adopt and enforce floodplain management measures applicable
to the Special Flood Hazard Area. An approved regulatory program is designed to reduce future
flood damages. Flood insurance is obtained through private property insurance agents.

Beneficial Attributes

As 0f 2003, over 19,500 of 22,000 communities with identified floodplains nationally participated
in the National Flood Insurance Program.

Congress has established the NFIP as a self-supporting program. Consequently, administrative
costs, mapping and other NFIP expenses are paid through insurance premiums and fees from map
revision requests. This reduces the cost to taxpayers for disaster assistance.

Insurance claims, unlike loans (principle plus interest), do not have to be repaid.

As 0f 2004, total building coverage available on a single-family dwelling is $250,000 plus
contents (insurance coverage limits of $100,000), while grants are very small (sometimes only

$10,000).

Similar to all insurance programs, the NFIP spreads the cost of insurance through time and over
and across a large number of properties that are at risk.

Detrimental Attributes

To be eligible for flood insurance, a property owner must maintain his or her flood insurance
policy and pay the premiums.

Communities must enforce floodplain regulations on how properties within the Standard Flood
Hazard Area may be used, constructed or reconstructed.

Insurance does not reduce damages. To obtain lower premiums, owners are encouraged to reduce
their exposure. The Community Rating System does the same thing for communities.

Relief and recovery
Functions

Relief and recovery efforts from the public and private sectors help the individual, business owner
and community after a flood.

Relief and recovery measures include cleanup, resumption of services and the application of
federal and state disaster aid.

In addition, tax adjustment may allow credits or deductions for the cost of repairs and
rehabilitation. Creative governments can use tax adjustments to influence how one rebuilds or uses
flood-prone areas.

The federal government provides loans and grants through several programs.

Communities with a recovery and mitigation plan are more effective in implementing post-flood
recovery in the shortest possible time. Important elements in this plan are provisions to mitigate
structures at risk and eliminate unwise redevelopment on flood-prone lands, thereby minimizing

future flood losses.

Beneficial Attributes
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Organized response and recovery initiatives minimize interruption of businesses and disruption of
utilities and transportation networks.

During and after a flood, many federal and state programs and nonprofit organizations, e.g. Red
Cross, can assist with debris removal, sheltering and feeding victims, and rehabilitation of public
services.

During recovery, the local government may be presented an opportunity to eliminate flood-
damaged development by elevating them, floodproofing them or buying them and relocating the
victims. Finally, structures can be rebuilt in ways that minimize future flood losses.

Detrimental Attributes

Unless government takes the time to use tax credits and deductions to guide redevelopment of

floodplains, these potential incentives will not provide protection against future flood damages.
Redevelopment of property without proper mitigation simply allows for the continuation of the

damage-rebuild-damage cycle of the past.

In fact, poorly structured tax adjustments may encourage continued unwise use of floodplains or
even more development.

Effective recovery requires forethought as expressed in a plan. Unless the community has a
strategy for debris clearance and restoration of utilities, infrastructure and public services, victims
face a protracted period of recovery.

General concerns about nonstructural measures (ASFPM, 2001, p. 50)

Acquisition and relocation are often done piecemeal, leaving what is called a “checkerboard”
pattern of vacant lots and buildings that either didn’t qualify for the program or whose owners did
not want to move.

Elevation and floodproofing projects still leave buildings surrounded by water during a flood.

Occupants often try to ride out the flood or get to or from their properties during high water,
requiring significant police and fire protection costs.

The building may be isolated and without utilities and, therefore, temporarily unusable.

Owner-designed measures (if allowed), especially dry floodproofing, may not adequately account
for all forces that floodwaters place on a building.

This can result in severe structural damage to the building.

The streets, utilities and other infrastructure that serve an elevated or floodproofed building are
still exposed to flood damage and public costs for those damages.
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Appendix 7: Summary of Coastal Construction Requirements
and Recommendations

FepeErRAL EMERGENCY MANAGEMENT AGENCY, HoME BuiLDER’S GuiDE To CoAsTAL CONSTRUCTION,
FEMA 499, TecHnicaL Fact SHEET No. 2 (2005).
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Technical Fact Sheet No.

Purpose: To summarize National Flood Insurance Program (NFIP) regulatory requirements concerning coastal construction and
provide recommendations for exceeding those requirements in some instances.

Key Issues

+ New construction® in coastal flood hazard areas (V zones and A zones) must meet minimum NFIP and community requirements.
Repairs, remodeling, and additions must meet community requirements and may also be subject to NFIP requirements.

+ NFIP design and construction requirements are more stringent in V zones than in A zones, in keeping with the increased flood,
wave, floodborne debris and erosion hazards in V zones.

+ Some coastal areas mapped as A zones may be subject to damaging waves and erosion (these areas are often referred to as
Coastal A Zones). Buildings in these areas constructed to minimum NFIP A-zone requirements may sustain major damage or
be destroyed during the Base Flood. It is strongly recommended that buildings in A zones subject to breaking waves and erosion
be designed and constructed to V-zone standards.

+ Buildings constructed to minimum NFIP A-zone standards and subject solely to shallow flooding without the threat from breaking
waves and erosion will generally sustain only minor damage during the Base Flood.

* Following the recommendations in the table below will result in lower damage to the building and reduced flood insurance
premiums (see the V-Zone Risk Factor Rating Form in FEMA's Flood Insurance Manual (http://www.fema.gov/nfip/manual.
shtm).

* For floodplain management purposes, new construction means structures for which the start of construction began on or after the effective date of a floodplain
management regulation adopted by a community. Substantial improvements, repairs of substantial damage, and some enclosures must meet most of the same
requirements as new construction.

The following tables summarize NFIP regulatory requirements and recommendations for exceeding those requirements for both (1)
new construction and (2) repairs, remodeling, and additions.

Requirements and Recommendations for New Construction?

A Zones in Coastal Areas

m Areas With Potential for Areas With Shallow Flooding
Breaking Waves and Erosion

Only, Where Potential for
A During Base Flood?

See page 8
for notes.

Breaking Waves and Erosion

V Zone Is Low®

General Requirements

Requirement:

Design Requirement: Requirement:

(Also see
Certification)

building and its foundation must
be designed, constructed, and
anchored to prevent flotation,
collapse, and lateral movement
due to simultaneous wind and
water loads

[see Fact Sheet No. 5]

building must be designed,
constructed, and anchored to
prevent flotation, collapse, and
lateral movement resulting from
hydrodynamic and hydrostatic
loads, including the effects of
buoyancy

Recommendation:
follow V-zone requirement

building must be designed,
constructed, and anchored to
prevent flotation, collapse, and
lateral movement resulting from
hydrodynamic and hydrostatic
loads, including the effects of
buoyancy




See page 8
for notes.

rys
\'4

V Zone

General Requirements (cont.)

Free of
Obstructions

Requirement:

the space below the lowest floor
must be free of obstructions
(e.g., free of any building element,
equipment, or other fixed objects
that can transfer flood loads to
the foundation, or that can cause
floodwaters or waves to be
deflected into the building), or
must be constructed with
non-supporting breakaway walls,
open lattice, or insect screening.
[see Fact Sheet Nos. 5, 27]

A Zones in Coastal Areas

m Areas With Potential for
Breaking Waves and Erosion

A During Base Flood?

Requirement:
none

Recommendation:
follow V-zone requirement

Areas With Shallow Flooding
Only, Where Potential for
Breaking Waves and Erosion
Is Low®

Requirement:
none

Materials
[see Fact Sheet
Nos. 1, 8]

Requirement:

structural and nonstructural
building materials at or below
Base Flood Elevation (BFE) must
be flood-resistant

Requirement:

structural and nonstructural
building materials at or below
BFE must be flood-resistant

Requirement:

structural and nonstructural
building materials at or below
BFE must be flood-resistant

Construction
[see Fact Sheet
No. 1] (Also see
Certification)

Requirement:

building must be constructed
with methods and practices
that minimize flood damage

Requirement:

building must be constructed
with methods and practices
that minimize flood damage

Requirement:

building must be constructed
with methods and practices
that minimize flood damage

Siting
[see Fact Sheet
Nos. 6, 7]

Structural Fill

Requirement:

all new construction shall be
landward of mean high tide;
alteration of sand dunes and
mangrove stands that increases
potential flood damage is
prohibited

Recommendation:

site new construction landward
of long-term erosion setback and
landward of area subject to
erosion during 100-year coastal
flood event

Prohibited
[see Fact Sheet No. 11]

Requirement:

encroachments into floodways
designated along rivers and
streams are prohibited unless
they will cause no increase in
flood stage; where floodways
have not been designated,
encroachments into the Special
Flood Hazard Area cannot
increase the BFE by more than 1
foot

Recommendation:
follow V-zone requirement

Allowed, but not recommended;
compaction required where used;
protect against scour and erosiond
[see Fact Sheet No. 11]

Requirement:

encroachments into floodways
designated along rivers and
streams are prohibited unless
they will cause no increase in
flood stage; where floodways
have not been designated,
encroachments into the Special
Flood Hazard Area cannot
increase the BFE by more than 1
foot

Allowed; compaction required
where used; protect against
scour and erosiond

[see Fact Sheet
No. 11]

Solid Foundation Prohibited Allowed, but not recommended® Allowed¢
[see Fact Sheet

Nos. 11, 15]

Open Foundation | Required Recommended¢ Allowed¢

Lowest Floor
Elevation

[see Fact Sheet
No. 4]

(Also see
Certification)

See Bottom of Lowest
Horizontal Structural
Member (below)

[see Fact Sheet No. 5]

Requirement:

top of floor must be at or above
BFE®

Recommendation:
elevate bottom of lowest

horizontal structural member to or
above BFE®

Requirement:

top of floor must be at or above
BFE®

Recommendation:
elevate bottom of lowest

horizontal structural member to or
above BFE®




See page 8
for notes.

Foundation (cont.

|

Bottom of Lowest
Horizontal
Structural Member
[see Fact Sheet

No. 4]

V Zone

must be at or above BFE®
[see Fact Sheet No. 5]

A Zones in Coastal Areas

Areas With Potential for
Breaking Waves and Erosion
During Base Flood®

Cozetal

A

Allowed below BFE®, but not
recommnded¢

Recommendation:
follow V-zone requirement

Areas With Shallow Flooding
Only, Where Potential for
Breaking Waves and Erosion
Is Low®

Allowed below BFE®, but not
recommendedd

Recommendation:
follow V-zone requirement

Orientation of

Requirement:

Requirement:

Requirement:

Certification)
[see Fact Sheet
No. 27]

Use of Space Below BFE i

breakaway walls, open lattice,
and screening’

Recommendation:

if constructed, use open
lattice or screening instead of
breakaway walls

Allowed for minor landscaping
and site drainage as long as fill
does not interfere with free
passage of flood waters and
debris beneath building, or
cause changes in flow direction
during coastal storms that could
result in damage to buildings

(see Fact Sheet No. 27)

Allowed only for parking,
building access, and storage

Requirement:

utilities, including ductwork and
equipment, must be designed,
located, and elevated to prevent
flood waters from entering and
accumulating in components
during flooding; utility lines must
not be installed or stubbed out in
enclosures below BFE

Lowest Horizontal none none none
SMtruc;uraI Recommendation: Recommendation:
AULES orient perpendicular to wave crest follow V-zone requirement
Freeboard Not required®, but Not required®, but Not required®, but
[see Fact Sheet recommended recommended recommended
Nos. 1, 4]
Enclosures Below BFE
(Also see Prohibited, except for Allowed, but not recommended Allowed

Requirement:

if area is fully enclosed, enclosure
walls must be equipped with
openings to equalize hydrostatic
pressure; size, location, and
covering of openings governed by
regulatory requirements

Recommendation:

elevate on open foundation; if
enclosure is constructed, use
breakaway walls (with flood
openings), open lattice, or
screening, as required in

Vv zone:

|

Allowed"

Recommendation:
follow V-zone requirement

Allowed only for parking,
building access, and storage

Requirement:

utilities, including ductwork and
equipment, must be designed,
located, and elevated to prevent
flood waters from entering and
accumulating in components
during flooding; utility lines must
not be installed or stubbed out in
enclosures below BFE

Requirement:

if area is fully enclosed,
enclosure walls must be
equipped with openings to
equalize hydrostatic pressure;
size, location, and covering of
openings governed by regulatory
requirements’

Allowed

Recommendation:
follow V-zone requirement

Allowed only for parking,
building access, and storage

Requirement:

utilities, including ductwork and
equipment, must be designed,
located, and elevated to prevent
flood waters from entering and
accumulating in components
during flooding; utility lines must
not be installed or stubbed out in
enclosures below BFE




See page 8
for notes.

rys
\'4

V Zone

A Zones in Coastal Areas

m Areas With Potential for
Breaking Waves and Erosion

A During Base Flood?

Areas With Shallow Flooding
Only, Where Potential for
Breaking Waves and Erosion
Is Low®

Certification

Elevation

Requirement:

bottom of lowest horizontal
structural member must be at or
above BFE®; electrical, heating,
ventilation, plumbing, and air
conditioning equipment and other
service facilities (including
ductwork) must be designed
and/or located so as to prevent
water from entering or
accumulating within the
components during flooding

[see Fact Sheet Nos. 4, 5, 29]

Requirement:

top of lowest floor must be at or
above BFE®; electrical, heating,
ventilation, plumbing, and air
conditioning equipment and
other service facilities (including
ductwork) must be designed
and/or located so as to prevent
water from entering or
accumulating within the
components during flooding

[see Fact Sheet Nos. 4, 29]

Recommendation:
follow V zone requirement

Requirement:

top of lowest floor must be at or
above BFE®; electrical, heating,
ventilation, plumbing, and air
conditioning equipment and
other service facilities (including
ductwork) must be designed
and/or located so as to prevent
water from entering or
accumulating within the
components during flooding

[see Fact Sheet Nos. 4, 29]

Recommendation:
follow V zone requirement

Structure

Requirement:

registered engineer or architect
must certify that design and
methods of construction are in
accordance with accepted
standards of practice for
meeting design requirements
described under General
Requirements

[see Fact Sheet No. 5]

Requirement:
none

Recommendation:
follow V zone requirement

Requirement:
none

Recommendation:
follow V zone requirement

Breakaway
Walls

[see Fact Sheet
Nos. 5, 27]

(Also see
Enclosures
Below BFE)

Requirement:

walls must be designed to break
free under larger of (1) design
wind load, (2) design seismic
load, or (3) 10 psf, acting
perpendicular to the plane of the
wall; if loading at which breakaway
wall is intended to collapse
exceeds 20 psf, breakaway wall
design shall be certified; when
certification is required, registered
engineer or architect must certify
that walls will collapse under a
water load associated with the
Base Flood and that elevated
portion of building and its
foundation will not be subject to
collapse, displacement, or lateral
movement under simultaneous
wind and water loadsf

Not required, but
recommended®€ with open
foundation in lieu of solid
walls; if breakaway walls are
used and enclose an area,
flood openings are required.
[see Fact Sheet Nos. 11, 15]

Requirement:
nonef&

Openings in
Below-BFE
Walls

[see Fact Sheet
Nos. 11, 15]

(Also see
Enclosures Below
BFE)

Not Applicablel

Requirement:

unless number and size of
openings meet regulatory
requirements, registered
engineer or architect must
certify that openings are
designed to automatically
equalize hydrostatic forces on
walls by allowing automatic entry
and exit of flood waters

Requirement:

unless number and size of
openings meet regulatory
requirements, registered
engineer or architect must
certify that openings are
designed to automatically
equalize hydrostatic forces on
walls by allowing automatic entry
and exit of flood waters




A Zones in Coastal Areas

See page 8 v m Areas With Potential for Areas With Shallow Flooding
for notes. Breaking Waves and Erosion Only, Where Potential for
During Base Flood? Breaking Waves and Erosion
V Zone A g le Lo
Repairs, Remodeling, and Additions (see Fact Sheet No. 30 and consult AHJ¥ for building code requirements)
Substantial Requirement: Requirement: Requirement:
Improvements must meet current NFIP must meet current NFIP must meet current NFIP
. requirements concerning new requirements concerning new requirements concerning new
and Repairs of construction in V zonesk:! except | construction in A zonesk:m construction in A zoneskm
Substantial for siting landward of mean high [see Fact Sheet Nos. 4, 11, 15, [see Fact Sheet Nos. 4, 11, 15,
Damage tide 27, 29] 27, 29]
[see Fact Sheet Nos. 4,5,7, 11, . .
15, 27, 29] Recommendatlon:_ Recommendation:
follow V-zone requirement elevate bottom of lowest
horizontal structural member to
or above BFE
Lateral Requirement: Requirement: Requirement:
Additions both addition and existing only addition must meet current only addition must meet current
That Constitute building must meet current NFIP NFIP requirements concerning NFIP requirements concerning
Substantial requirements concerning new new construction in A zonesk.m,0 new construction in A zonesk:m,o
construction in V zoneski:n (See Fact Sheet Nos. 4, 7, 11, 15, (See Fact Sheet Nos. 4, 7, 11, 15,
Improvement [see Fact Sheet Nos. 4,5, 7,11, 27, 29), provided existing building 27, 29), provided the existing
15, 27, 29] is not subject to any work other building is not subject to any
than cutting entrance in common work other than cutting an
wall and connecting existing entrance in a common wall and
building to addition; if any other connecting the existing building
work is done to existing building, to the addition; if any other work
it too must meet current NFIP is done to existing building, it
requirements for new too must meet current NFIP
construction in A zones requirements for new
construction in A zones
Recommendation: .
follow V-zone requirement Recommendation:
elevate bottom of lowest
horizontal structural member of
addition to or above BFE (same
for existing building if it is
elevated)
Lateral Requirement: Requirement: Requirement:
Additions post-Flood Insurance Rate Map post-FIRM existing building - post-FIRM existing building -
That Do Not (FIRM) existing building - addition must meet NFIP addition must meet NFIP
Constitute addition must meet NFIP requirements in effect at time requirements in effect at time
. requirements in effect at time building was originally building was originally
Substantial building was originally constructed k.m,o constructed k,m,o
Improvement constructed k;I,n [see Fact Sheet Nos. 4, 7, 11, 15, [see Fact Sheet Nos. 4, 7,11, 15,
27, 29] 27, 29]
pre-FIRM existing building - NFIP o o
requirements concerning new pre‘F_IRM existing bunc_ilng - NFIP pre-FIRM existing building — NFIP
construction not triggered k requirements concerning new requirements concerning new
[see Fact Sheet Nos. 4, 5, 7, 11, construction not triggeredk construction not triggeredk
15, 27, 29]
Recommendation: Recommendation: Recommendation:
make addition compliant with follow V-zone requirement elevate bottom of lowest
current NFIP requirements for horizontal structural member
V-zone construction of addition to or above BFE
(same for existing building if it
is elevated)
[see Fact Sheet No. 4]




See page 8
for notes.

Repairs, Remodeling, and Additions (cont.)

(s

m Areas With Potential for
Breaking Waves and Erosion

A During Base Flood®

A Zones in Coastal Areas

Areas With Shallow Flooding
- Only, Where Potential for
A Breaking Waves and Erosion
Is Low®

ee Fact Sheet No. 30 and consult AHJ for building code requirements)

Vertical Requirement: Requirement: Requirement:
Additions entire building must meet entire building must meet entire building must meet
That Constitute current NFIP requirements current NFIP requirements current NFIP requirements
Substantial concerning new construction in concerning new construction concerning new construction
V zonesk/:n in A zones*Mm.0 in A zones*M0
Improvement [see Fact Sheet Nos. 4, 5, 7, 11, [see Fact Sheet Nos. 4, 7, 11, 15, [see Fact Sheet Nos. 4, 7, 11, 15,
15, 27, 29] 27, 29] 27, 29]
Recommendation: Recommendation:
follow V-zone requirement elevate bottom of lowest
horizontal structural member to
or above BFE
[see Fact Sheet No. 4]
Vertical Requirement: Requirement: Requirement:
Additions post-FIRM existing building - post-FIRM existing building - post-FIRM existing building —
That Do Not addition must meet NFIP addition must meet NFIP addition must meet NFIP
Constitute requirements in effect at time requirements in effect at time requirements in effect at time
. building was originally building was originally building was originally
szl constructed KN constructed®:m.0 constructed®:m.0
Improvement
pre-FIRM existing building — NFIP pre-FIRM existing building - pre-FIRM existing building - NFIP
requirements concerning new NFIP requirements concerning requirements concerning new
construction not triggeredk new construction not triggeredk construction not triggeredk
[see Fact Sheet Nos. 4,5, 7, 11, [see Fact Sheet Nos. 4,5, 7, 11, [see Fact Sheet Nos. 4,5, 7,11,
15, 27, 29] 15, 27, 29] 15, 27, 29]
Recommendation: Recommendation: Recommendation:
make addition compliant with follow V-zone requirement elevate bottom of lowest
current NFIP requirements for horizontal structural member to
V-zone construction or above BFE
[see Fact Sheet No. 4]
Elevating on Requirement: Requirement: Requirement:

New Foundation

new foundation must meet
current NFIP requirements
concerning new construction in V
zonesk!: building must be
properly connected and anchored
to new foundation

new foundation must meet
current NFIP requirements
concerning new construction in
A zonesk'M: puilding must be
properly connected and
anchored to new foundation

Recommendation:
follow V-zone requirement

new foundation must meet
current NFIP requirements
concerning new construction in
A zones®'M: puilding must be
properly connected and
anchored to new foundation

Recommendation:

elevate bottom of lowest
horizontal structural member to
or above BFE [see Fact Sheet
No. 4]

Enclosures
Below
Buildings -
When enclosure
constitutes a

substantial
improvement

Requirement:

both enclosure and existing
building must meet current NFIP
requirements for new
construction in V zonesk /N

[see Fact Sheet Nos. 4, 5, 7, 11,
27, 29]

Requirement:

both enclosure and existing
building must meet current NFIP
requirements for new
construction in A zoneskM:0
[see Fact Sheet Nos. 4, 7,11, 15,
27, 29]

Recommendation:
follow V-zone requirement

Requirement:

both enclosure and existing
building must meet current NFIP
requirements for new
construction in A zonesk:m.0
[see Fact Sheet Nos. 4, 7, 11, 15,
27, 29]

Recommendation:

elevate bottom of lowest
horizontal structural member to
or above BFE

[see Fact Sheet No. 4]




See page 8
for notes.

Repairs, Remodeling, and Additions (cont.)

(s

m Areas With Potential for
Breaking Waves and Erosion

A During Base Flood?

A Zones in Coastal Areas

Areas With Shallow Flooding
Only, Where Potential for
Breaking Waves and Erosion
Is Low®

ee Fact Sheet No. 30 and consult AHJ for building code requirements)

Enclosures
Below
Buildings -

When enclosure
does not
constitute a
substantial
improvement

Requirement:

post-FIRM existing building -
enclosure must meet NFIP
requirements in effect at time
building was originally
constructed® N

pre-FIRM existing building - NFIP
requirements concerning new
construction not trig,geredk

[see Fact Sheet No. 27]

Recommendation:

make enclosure compliant with
current NFIP requirements for
new V-zone construction

Requirement:

post-FIRM existing building -
enclosure must meet NFIP
requirements in effect at time
building was originally
constructed®m:0

pre-FIRM existing building - NFIP
requirements concerning new
construction not triggeredk

[see Fact Sheet Nos. 15, 27]

Recommendation:

construct only breakaway
enclosures; install flood openings
in enclosure; do not convert
enclosed space to habitable use

Requirement:

post-FIRM existing building -
enclosure must meet NFIP
requirements in effect at time
building was originally
constructed®m©

pre-FIRM existing building - NFIP
requirements concerning new
construction not triggeredk

[see Fact Sheet Nos. 15, 27]

Recommendation:

install flood openings in
enclosure; do not convert
enclosed space to habitable use

Reconstruction
of Destroyed or
Razed Building

Requirement:

where entire building is
destroyed, damaged, or
purposefully demolished or
razed, replacement building
must meet current NFIP
requirements concerning new
construction in V zonesX! even
if built on foundation from
original building

[see Fact Sheet Nos. 4, 5, 30]

Requirement:

where entire building is
destroyed, damaged, or
purposefully demolished or
razed, replacement building
must meet current NFIP
requirements concerning new
construction in A zones®m,
even if built on foundation
from original building

[see Fact Sheet Nos. 4, 30]

Recommendation:
follow V-zone requirement

Requirement:

where entire building is
destroyed, damaged, or
purposefully demolished or
razed, replacement building
must meet current NFIP
requirements concerning new
construction in A zonesk'm,
even if built on foundation
from original building

[see Fact Sheet Nos. 4, 30]

Moving Existing
Building

Requirement:

where existing building is moved
to new location or site, relocated
building must meet current NFIP
requirements concerning new
construction in V zones®!

[see Fact Sheet Nos. 4, 5, 30]

Requirement:

where existing building is
moved to new location or site,
relocated building must meet
current NFIP requirements
concerning new construction in
A zonesk:m

[see Fact Sheet Nos. 4, 30]

Recommendation:
follow V-zone requirement

Requirement:

where existing building is
moved to new location or site,
relocated building must meet
current NFIP requirements
concerning new construction in
A zonesk:m

[see Fact Sheet Nos. 4, 30]

Recommendation:

elevate bottom of lowest
horizontal structural member
to or above BFE

[see Fact Sheet No. 4]




Notes

a “Prohibited” and “Allowed” refer to the minimum NFIP regulatory requirements; individual states and communities may
enforce more stringent requirements that supersede those summarized here. Exceeding minimum NFIP requirements
will provide increased flood protection and may result in lower flood insurance premiums.

b In these areas, buildings are subject to flooding conditions similar to, but less severe than, those in VV zones. These
areas can be subject to breaking waves = 1.5 feet high (which can destroy conventional wood-frame and unreinforced
masonry wall construction) and erosion (which can undermine shallow foundations).

€ In these areas, buildings are subject to flooding conditions similar to those in riverine A zones.

d Some coastal communities require open foundations in A zones.

e State or community may require freeboard or regulate to a higher elevation (e.g., Design Flood Elevation (DFE)).
f Some coastal communities prohibit breakaway walls and allow only open lattice or screening.

g If an area below the BFE in an A-zone building is fully enclosed by breakaway walls, the walls must meet the
requirement for openings that allow equalization of hydrostatic pressure.

h Placement of nonstructural fill adjacent to buildings in coastal AO zones is not recommended.

[ There are some differences between what is permitted under floodplain management regulations and what is covered
by NFIP flood insurance. Building designers should be guided by floodplain management requirements, not by flood
insurance policy provisions. For more information, see Section 9.3.1.1 in Chapter 9 of FEMA's Coastal Construction
Manual (FEMA 55).

j Walls below BFE must be designed and constructed as breakaway walls that meet the minimum requirements of the
NFIP regulations. For more information, see Section 6.4.3.3 in Chapter 6 of FEMA's Coastal Construction Manual
(FEMA 55).

k Consult with authority having jurisdiction (AHJ) regarding more restrictive requirements for repairs, remodeling, and
additions.

NFIP requirements for new construction in V zones include those pertaining to Design and Construction, Flood-
Resistant Materials, Siting, Foundations, Lowest Floor Elevation, Enclosures Below the BFE, Free of Obstructions,
Utilities, and Certifications.

m NFIP requirements for new construction in A zones include those pertaining to Design and Construction, Flood-Resistant
Materials, Siting, Foundations, Foundation Openings, Lowest Floor Elevation, Enclosures Below the BFE, Utilities, and
Certifications.

n An addition in the form of an attached garage would not have to be elevated to or above the BFE, because its
use (parking) would be allowed below the BFE; however, it would have to meet other NFIP requirements for new
construction in V zones.

0 An addition in the form of an attached garage would not have to be elevated to or above the BFE, because its
use (parking) would be allowed below the BFE; however, it would have to meet other NFIP requirements for new
construction in A zones.






Appendix 8: Louisiana House Brochure

Courtesy of Louisiana State University Agricultural Center
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The
Safer, Stronger, Smarter

Louisiana House

Hurricane Edition

A guide to flood, wind and water resistance
features you can see at

Louisiana House

Home & Landscape Resource Center

AgCente

Research & Extension
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Louisiana House Home &
Landscape Resource Center

LaHouse is an LSU AgCenter showcase
facility on the south side of the Baton Rouge
campus. It has become hub of statewide
education for hazard-resistant housing,
addressing the special challenges of
Louisiana’s natural hazards and climate.

Built Safer, Stronger, Smarter
LaHouse is a showcase for best practices
and code-plus construction. Its flood and
wind resistance features meet or exceed
the criteria of the Fortified for Safer Living
program of the Institute for Business and
Home Safety (IBHS).

Flood

LaHouse is in Flood Zone “AE", with a

Base Flood Elevation (BFE) of 24 feet. The
minimum code requirement nationally for
homes in Zone AE is to have the lowest
floor at the BFE. Baton Rouge requires a foot
above BFE, or BFE +1. The Fortified program
requires BFE +2.The house and teaching
center at LaHouse are protected to a design
flood elevation (DFE) of BFE +3.

The house is elevated; the teaching center
will be dry floodproofed (see Special
Features). Use of flood-resistant materials
and methods in some places further
protects the structure, should flooding
exceed BFE+3.

Wind

Baton Rouge is in the 100-110 mph wind
speed zone. To meet the “Fortified”
requirements, LaHouse is designed to resist
the forces of 130 mph winds.

The geometry and dimensions contribute to
inherent wind resistance: its length is less that
twice its width; it has no more than two stories;
and ceiling heights do not exceed 10 feet.

Hurricane hardware and structural
sheathing tie the roof to the walls and

the walls to the foundation to create a
continuous load path that transfers wind
forces on the house down to the ground.
Roofing and other external materials are
impact-resistant and installed to high-wind
specifications. Windows and doors are
placed so they do not impair resistance

to horizontal wind forces; openings are
protected either by installing hurricane-
rated units or by providing external
protection (impact-resistant shutters, panels
and screens) .

Water

South Louisiana has a hot, humid climate
with average rainfall exceeding 60 inches
per year. We spend twice as much time
cooling homes as we do heating them.
During the cooling time condensation
occurs inside exterior walls. Water that is
trapped in walls, keeping building materials
wet, can result in mold, wood-rot and insect
infestation.

LaHouse is built to:
« Shed rainwater and direct it away from
the foundation.

- Catch water when it does get in through
roofing, cladding or window and door
frames.

« Minimize moisture penetration and
condensation in walls.

«Provide drainage and drying potential
for any condensate that does form.

Many of the water-resistance techniques
are best construction practices; some are
required by code.

LaHouse showcases multiple solutions
across a range of price-points, integrating
durability with other goals of sustainability:
resource efficient, healthy, practical and
convenient.
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Water

Layering and taping of housewraps and
flashings provide resistance to water and
moisture penetration. Paperless drywall
with a moisture-resistant core and other
water-resistant materials provide extra
protection from water damage. Vinyl
wallpaper is avoided, so any water that
does not drain from the wall can dry to the
cooler, dehumidified home interior.

Drainage Planes and Vapor Barriers

+ Walls have drains and vents behind
bricks and sidings.

« Foil-faced foam board with taped seams
provides air barrier, vapor barrier and a
drainage plane behind brick veneer.

« Plastic mesh wrap
provides drainage
space behind fiber-
cement siding.

« Crinkled stucco
wrap with building
paper overlay
provides for
drainage behind
EIFS.

A perforated,
semipermeable
housewrap may be
used under sidings
that do not leach
surfactants—uvinyl,
metal, fiber-cement.

Nonperforated housewrap is used behind
brick or wood. It retains its water repellency
when exposed to surfactants that can leach
from these materials.

ICF does not need a drainage plane, vapor
retarder or air barrier.

Windows and Doors
Wind

Windows are selected and sized to meet
code specified “design pressure rating”
(DP) for a 130 mph wind zone. In the
SIPS area, windows and doors are no
taller than standard 6-foot, 8-inch height.
Larger openings could require additional
strengthening measures. Impact-rated
shutters (Bahama, colonial, roll-up,
accordion), panels and screens will protect
windows and doors that are not rated.
Windows and doors without external
protections are designed as impact units.
Stained glass is shielded by a layer of
impact-glass.

Water

Windows and doors are flashed to drain
water outward. Sill flashings are rigid or
flexible, include corner protection, and have
back-dams or slope outward. Flashings
are integrated shingle-fashion with the
housewrap to maintain a continuous
drainage plane. Seams of foil-faced OSB
are taped to provide a moisture barrier,
vapor barrier and
drainage plane all
in one.

The Louisiana House - Home & Landscape Resource Center is a
public-private partnership, built with monetary gifts and donated materials.

Please visit the Web site to see construction photos and lists of LaHouse key
contributors, key partners and key allies on campus. You will also find directions to
LaHouse and news about activities at the site.

Go to www.LSUAgCenter.com/Home and choose LaHouse
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Foundation
Flood, Wind, and Water

LaHouse has a flood protection level 3 feet
above BFE. This provides a margin of safety
and qualifies for the best flood insurance
rating. The house is elevated; the garage/
classroom is dry-floodproofed. Sill gaskets
prevent air infiltration under wood sills.

Pier Foundation (Master Bedroom)

- Block piers—filled-cell concrete
masonry units (CMUs)—are steel-
reinforced and anchored to
continuous concrete
footing, not
independent pads.

- Embedded hurricane
straps connect piers
to floor beams and to
[future] porch columns

« Deck and subfloor
are treated to prevent
decay

Crawlspace Foundation (Master Bath/Utility Room)
« Reinforced CMU chainwall is anchored to
reinforced concrete footing

« Flood vents within 1 ft. of grade allow
floodwater to flow in and out freely.
Some vents have code-compliant
closures

« Crawlspace ground is higher than
surrounding grade so water does not
collect under the house

«6 mil plastic ground cover will reduce
moisture in crawlspace

« Wood subfloor is treated to prevent decay

Slab on Back-Fill Foundation
- Reinforced
CMU stemwalls
are anchored
to continuous
reinforced concrete
footings

« Reinforced concrete
slab cap over
compacted soil/
limestone back-fill
is anchored to the
stemwalls with re-bar

- Durable plastic sheeting under slab and
waterproofing compound on upper
stemwall prevent moisture migration

Slab-on-Grade Foundation (Garage/Classroom)
« Durable plastic sheeting provides
moisture barrier under slab; wraps under
grade beams

« Low water-to-cement ratio concrete
(fly ash, slag mix) for high strength and
reduced curl.

« Wet curing blanket improves concrete
strength without frequent rewetting

- Exterior coating on the slab will be part
of the dry floodproofing system

Roof

Wind
Keeping &%
the roof
onisa
prime objective of the new codes. A hip
roof, used for most of LaHouse, is more
aerodynamically resistant to high winds
than a gable roof. The roof pitch, 6:12, is
strategically designed to minimize leaks
and wind loads, yet ensure that water sheds
away from the foundation.

Framing

Hurricane straps and clips connect rafters;
straps wrap rafters, securing them to the
walls. In the teaching center, hurricane
hardware connects the rim band to the top

plate, which has anchors in the concrete
walls. Framing lumber is secured to the rim
band with hurricane straps. Soffits and soffit
vents made of perforated fiber cement will
be attached securely to framing members.

Decking
Except in the SIPS section, decking is 19/32-
inch OSB (two-story section) or plywood
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(elsewhere). Sheets are attached with ring
shank nails (not staples) in a nailing pattern
that is closer than customary. SIPS roof-
panel seams are reinforced with embedded
2 x 8 planking.

Metal Roof

Metal roofing is impact-resistant, wind-
resistant and recyclable. Hidden fasteners
reduce leaks. Extra screws and edge details
create 130-mph wind resistance. Panels are
fabricated on site
and “snap-locked”
into place. High
tech “cool color”
coating reflects heat
like a light color,
saving energy and
extending roof life.

Tile roof

Concrete tile looks like clay but is more
impact resistant. Two wind-resistant
installation methods are used:

» Mechanical
fastening with
screws and
hurricane clips on
the first course

- Large-patty foam
adhesive using hip
ridge boards but
no battens

Water
« Peel-and-stick membrane roof
underlayments provide fully adhered
secondary moisture barrier under tile,
extending roof life.

- Deck seams under metal roof are sealed
with bitumen tape to prevent water
intrusion.

«Valleys, penetrations, and seams at roof/
wall intersections are flashed

Walls

Wind

Sheathing and hardware contribute to
shear and uplift resistance.

Framed Sections
« Structural sheathing is 15/32-in.

« Anchor bolts hold bottom plate to slab.

« Hurricane clips tie wall studs to bottom
plate.

« Metal straps tie 2nd-story studs to 1st-
story studs.

- Sheathing on interior load-bearing walls.

- Seams in sheathing are backed by studs,
sills or special blocking.

« Alignment of studs and rafters in
advance framing section makes
hurricane strapping easier and stronger.

« Exterior sheathing panels span the
connection between 1st and 2nd stories.

SIPS
« Anchor bolts tie bottom plate to slab.

- Hurricane plates and extra fasteners
secure wall panels to bottom plates.

ICF
Concrete wall is anchored to slab with rebar.
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Building Systems

i

Insulating
Concrete Structural
Forms Insulated
ﬂ Panel
Systems

Vaulted attic

Standard Framing
2x4 studs 16" on center

Most homes in Louisiana are wood framed
with 2 x 4 studs. Typical practices include
using extra non-load-bearing studs at
corners to support wallboard, double

top plates, and uninsulated headers over
windows and doors. Studs in this portion of
LaHouse are laminated strand lumber (LSL)
and overhead joists are engineered wood
I-beams.

Structural Insulated Panel System (SIPS)

Structural insulated panels combine
structural framing and insulation into a
single product. Rigid foam insulation is
sandwiched between two structural panels,
or skins. The skins, which are glued to the
foam, are most commonly oriented strand
board (OSB), but can be steel, plywood or
cementitious material. SIPs can be cut on
site or ordered from the factory with precut
window and door openings and channels
through the foam core for wiring. With
precut panels, installation time can be less
than half that of stick framing, with little
construction waste. SIPS have high strength
characteristics and are used for walls

(4" foam) and roof (8"foam).

Framing
2x6(24" oc)
2-story

Advanced Framing/Optimum Value Engineered
2x6 studs 24" on center

Advanced framing reduces material and
labor costs and is more energy efficient

than standard framing. Floor, wall and

roof framing are spaced and aligned at 24
inches on center, creating 2-foot modules.
Advanced framing techniques eliminate
lumber that is not necessary for load-bearing
purposes. Examples of increased resource
efficiency include the use of two-stud corner

framing, single top plates because of the

aligned stack framing, and insulated headers
sized for the load-bearing need.

Insulating Concrete Forms (ICF)

ICF walls are made by stacking hollow
blocks of rigid foam (as forms) and filling
them with concrete. Plastic connectors,
which hold the foam sides of the blocks at
uniform separation, determine the thickness
of concrete in the wall. Steel reinforcing

bar (rebar) is placed in the cavity before

the concrete is pumped in. The foam forms
and plastic connectors stay in place as
permanent parts of the wall assembly, thus
providing a continuous insulation, acoustic
and moisture barrier, as well as a backing for
drywall, stucco, siding, or other cladding.
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Special Features

Safe Room

The master bedroom closet serves as
safe-room, designed to resist 150 mph
wind. It is structurally isolated from rest of
house. Every stud is securely fastened with
hurricane straps at top and bottom. Wall
and roof are clad with two layers of 3-inch
plywood installed in a staggered fashion,
glued and nailed. Steel impact pocket door
protects the main opening; steel in-swing
door protects opening to water heater.
Wood paneling (not drywall) is used for
interior finish. The closet is a modified safe-
room, not FEMA-standard.

Dry Floodproofing — Floodwall
Dry floodproofing is a code-compliant
alternative to elevation for nonresidential
buildings only. Sealants and closures must
extend 1 foot above the level that would be
required if elevating for the same level of
protection.

ICF has a watertight installation method
that was not used for LaHouse. Instead, a
waterproof coating will be used as part of
the synthetic stucco to ensure adequate
sealing of the walls. The exposed slab will
be coated with waterproofing compound.
A watertight panel closure will protect the
door to the breezeway. On the driveway
side, a floodwall will extend out from the
building and across to the driveway.

During floods, the driveway opening will be
blocked with removable panels. The system
will require use of a sump pump.

Breezeway Roof

A very low-pitched roof acts like an airplane
wing in high winds. Because the breezeway
roof at LaHouse will experience high uplift
forces, the front and rear beams are heavily
reinforced and firmly anchored to the walls
on each end. Anchoring in the SIPS wall
required a pocket and steel plate. Rafters
that run along the ICF and SIPS walls have
strong ties into those walls.

Porch Protection and Closets

An Armor Screen® system with an overhead
track and anchor bolts in porch will protect
the windows and doors that open onto

the porch. Windows and doors opening
onto the back porch will be protected by
hurricane shutters or panels. Front and back
porches have closets that can be used for
easy storage of porch furniture when high
winds are forecast.

Other features

The ground slopes away from the house
to prevent water soaking through the
foundation or creating a condition of
constantly high humidity on walls.

Sewer lines have backflow valves to reduce
the potential for the flooded sewer system
to back up into the house.

All electrical wiring, plumbing outlets,
heating, ventilation and air conditioning
equipment and other mechanicals are at
the same level of protection from flood
as the main structure. Parts of elevated
systems that must extend below BFE are
designed to prevent entry of floodwater.
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Y-BUILD
Safer Stronger Smarter

Do It Right - accept that hurricanes are a reality of
living in Louisiana. Get the Facts about the risks you
face now, and recognize that those risks are increasing as
our land subsides and our coastline recedes. Make the
Choice and the commitment to strengthen your home
to reduce your vulnerability to flood, wind and water
damage.

Hire a licensed contractor, and build to resist the special
challenges you face living in South Louisiana.

www.BuildSaferStrongerSmarter.org

This publication and the Build Safer Stronger Smarter initiative are supported in part with funds from U.S. Homeland
Security, Federal Emergency Management Agency award #EMT-2006-CA-0019.

Visit our Web site: www.lsuagcenter.com

Louisiana State University Agricultural Center
William B. Richardson, Chancellor

Louisiana Agricultural Experiment Station
David Boethel, Vice Chancellor and Director

AgCente

Louisiana Cooperative Extension Service e R R
Paul D. Coreil, Vice Chancellor and Director

Issued in furtherance of Cooperative Extension work, Acts of Congress of
May 8 and June 30, 1914, in cooperation with the United States Department
of Agriculture. The Louisiana Cooperative Extension Service provides equal
opportunities in programs and employment.
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Appendix 9: Louisiana Revised Statutes Title 33

Part IV. Physical Development of Parishes and Municipalities
La. Rev. Stat. 33:101 et seq.
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LOUISIANA REVISED STATUTES TITLE 33
PART IV. PHYSICAL DEVELOPMENT OF PARISHES AND MUNICIPALITIES

SUBPART A. PLANNING COMMISSIONS
§101. Definitions
For the purpose of this Subpart, the following terms are defined as follows:

(1) “Master plan” means a statement of public policy for the physical development of a parish or
municipality adopted by a parish or municipal planning commission.

(2) With regard to municipalities, certain terms are defined as follows:
(a) “Municipality” includes any incorporated city, town, or village.
(b) “Chief executive” means the mayor or corresponding officer of a municipality, whatever his title.

(c) “Local legislative body” means the mayor and board of aldermen, the commission council, or other
governing body of a municipality.

(3) “Planning commission” means an official planning commission appointed in accordance with the
provisions of this Subpart. It shall denote either a parish planning commission, or a municipal planning
commission, as the case may be. The term “parish or municipality as the case may be”, when appropriate
to the context, relates to the respective jurisdictions or functions of a parish planning commission with
regard to the parish for which it is established and of a municipal planning commission with regard to

the municipality for which it is established; or, when appropriate to the context, relates to the rights and
remedies which the respective parish or municipality may exercise to enforce the provisions of this Subpart.

(4) “Streets” and “roads” includes streets, avenues, boulevards, roads, lanes, alleys, viaducts, and other
ways.

(5)(a) “Subdivision” means the division of a lot, tract, or parcel of land into two or more lots, plats, sites
or other divisions of land for the purpose, whether immediate or future, of sale or of building development,
and, with regard to parishes, for the purpose of sale or of building development for purposes other than
agricultural. It includes resubdivision and, when appropriate to the context, relates to the process of
subdividing or to the land or territory subdivided.

(b) “Resubdivision”, in addition to being synonymous with “subdivision”, means and shall also include
the consolidation of two or more lots, plats, tracts, parcels, or other divisions of land into one or more lots,
plats, tracts, parcels, or other divisions of land.

§101.1. Subdivision approval a legislative function

Except as otherwise provided in this Subpart, the act of approving or disapproving a subdivision plat

is hereby declared a legislative function involving the exercise of legislative discretion by the planning
commission, based upon data presented to it; provided that any subdivision ordinance enacted by the
governing authority of a parish or municipality or the acts of the planning commission, or planning
administrator shall be subject to judicial review on the grounds of abuse of discretion, unreasonable
exercise of police powers, an excessive use of the power herein granted, or denial of the right of due
process. The right of judicial review of a subdivision ordinance shall not be limited by the foregoing,
however, nothing contained in this Subpart or in any subdivision ordinance adopted by a parish or
municipality shall be construed as imposing upon such parish or municipality a duty, special or otherwise,
to or for the benefit of any individual person or group of persons.
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§102. Grant of power to parishes and municipalities

Every parish and every municipality may make, adopt, amend, extend, add to, or carry out official plans as
provided in this Subpart, and may create by ordinance a planning commission with the powers and duties
as provided by this Subpart, and may appropriate funds for the commission.

§8103 — 105 (deleted by editors)
§106. General powers and duties

A.(1) A parish planning commission shall make and adopt a master plan for the physical development of
the unincorporated territory of a parish.

(2) A municipal planning commission shall make and adopt a master plan for the physical development of
the municipality.

B.(1) Any such plan shall provide a general description or depiction of existing roads, streets, highways,
and publicly controlled corridors, along with a general description or depiction of other public property
within the jurisdiction that is subject to the authority of the commission.

(2) Any such plan, with the accompanying maps, plats, charts, and descriptive matter may include a
commission’s recommendations for the development of the parish or municipality, as the case may be,
including, among other things, the general location, character, and extent of railroads, highways, streets,
viaducts, subways, bus, street car and other transportation routes, bridges, waterways, lakes, water fronts,
boulevards, parkways, playgrounds, squares, parks, aviation fields, and other public ways, grounds, and
open spaces; the general location of public buildings, schools, and other public property; the general
character, extent and layout of public housing and of the replanning of blighted districts and slum areas;
the general location and extent of public utilities and terminals, whether publicly or privately owned or
operated, for water, light, sanitation, communication, power, transportation, and other purposes; and the
removal, relocation, widening, narrowing, vacating, abandonment, change of use, or extension of any of the
foregoing ways, grounds, open spaces, buildings, property, utilities, or terminals.

C. As the work of making the whole master plan progresses, a commission may from time to time adopt
and publish a part or parts thereof, any such part to cover one or more major sections or divisions of the
parish or municipality, as the case may be, or one or more of the aforesaid or other functional matters to be
included in the plan. A commission may from time to time amend, extend, or add to the plan.

D. Where a municipal planning commission has been established under the authority of this Subpart, it
shall also serve as a municipal zoning commission, and when acting as such, it shall hold separate meetings
with separate minutes and records.

§106.1. Planning commissions; exempt subdivisions; septic tanks and field drains permitted

A. Notwithstanding any other provision in this Chapter to the contrary, no parish, regional, or other
planning commission, except those of the parishes of Bossier, Cameron, St. Charles, St. James, Lincoln,
Plaquemines, St. Tammany, Washington, Allen, Tangipahoa, Jefferson Davis, Evangeline, Sabine, St. John
the Baptist, West Baton Rouge, and Caddo, and those of any city or municipality within said parishes,

and except those covering a jurisdiction with a population greater than three hundred thousand, shall

have jurisdiction over the following subdivisions of land except with respect to requirements for utilities,
drainage, including sewerage disposal and street planning dimensions, composition, and alignment:

(1) Any parcel of land situated outside an incorporated area which is owned wholly by one owner or co-

owners and is divided into single-family lots of a minimum square footage of twenty-two thousand five
hundred square feet, with a minimum width of one hundred twenty-five feet of frontage, except those
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lots that are nonrectangular with less than a minimum of one hundred twenty-five feet of frontage have

an average width of one hundred twenty-five feet, provided said lots have a frontage of at least sixty feet,
and provided that the size of the lots can support sewage disposal systems and individual water systems
which meet the requirements of the office of preventive and public health services after consideration of
recognized standards of suitability. However, the provisions of this Section and those of R.S. 33:106 shall
not apply to any rural subdivision residence constructed prior to January 1, 1980, if the builder on or buyer
of such residence installs a septic tank with an absorption field, or, as alternative method, an individual
mechanical sewage treatment plant for individual single-family homes, either of which must qualify as an
acceptable sewage treatment system as determined by the office of preventive and public health services
of the Department of Health and Hospitals, and which would be acceptable to the local health authority of
the parish in which the residence is located. Furthermore, no parish, municipality, or planning commission
shall enact a sewerage permit ordinance or similar regulation authorizing the installation of individual
sewage treatment and disposal systems without written approval by the office of preventive and public
health services of the Department of Health and Hospitals.

(2) Any parcel of land, wherever located, upon which a servitude of passage is created for ingress or egress
which does not create a through passage and is used exclusively as a driveway need not meet any street
planning dimensions, except said servitude must be adequate in dimensions to provide for ingress and
egress by service and emergency vehicles.

B. On the tracts excepted from planning commission regulation in this Section, the utilization of individual
sewage disposal systems shall be permitted and the utilization of any other sewage disposal system shall
not be required, provided such sewage disposal systems meet requirements of the office of preventive and
public health services.

§107. Purposes in view

In the preparation of such plan, a parish planning commission shall make careful and comprehensive
surveys and studies of present conditions and future growth of the parish, with due regard to its relation to
neighboring territory and to the relation of unincorporated territory in the parish to incorporated territory
therein.

In the preparation of such plan a municipal planning commission shall make careful and comprehensive
surveys and studies of present conditions and future growth of the municipality and its environs.

A plan shall be made with the general purpose of guiding and accomplishing a co-ordinated, adjusted,
and harmonious development of the parish or municipality, as the case may be, and its environs which
will, in accordance with present and future needs, best promote health, safety, morals, order, convenience,
prosperity, and general welfare, as well as efficiency and economy in the process of development;
including, among other things, adequate provision for traffic, the promotion of safety from fire and other
dangers, adequate provision for light and air, the promotion of the healthful and convenient distribution
of population, the promotion of good civic design and arrangement, wise and efficient expenditure of
public funds, the adequate provision of public utilities and other public requirements, and in the case of a
municipal planning commission, vehicular parking.

§108. Procedure of commission; adoption of plan

A. A commission may adopt a plan as a whole by a single resolution or may by successive resolutions
adopt successive parts of a plan, said parts corresponding with major geographical sections or divisions of
the parish, in the case of a parish planning commission, or of the municipality, in the case of a municipal
planning commission, or with functional subdivisions of the subject matter of the plan, and may adopt any
amendment or extension thereof or addition thereto.
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B. Before the adoption of a plan or any such part, amendment, extension, or addition, a commission shall
hold at least one public hearing thereon. A parish planning commission shall give notice of the purpose,
time, and place of the public hearing by one publication in a newspaper of general circulation throughout
the parish at least ten days prior to the date set for the hearing. A municipal planning commission shall give
notice of the purpose, time, and place of the public hearing by one publication in a newspaper of general
circulation in the municipality at least ten days prior to the date set for the hearing.

C. The adoption of a plan or of any such part or amendment or extension or addition shall be by resolution
of a commission. The resolution shall refer expressly to the maps and descriptive and other matter intended
by a commission to form the whole or part of a plan, and the action taken shall be recorded on the map and
plan and descriptive matter by the identifying signature of the chairman or secretary of the commission.

D. Certified copies of the plan or part thereof shall be filed with the division of administration, with the
local legislative body and with the clerk of court of the parish, except in the parish of Orleans where
certified copies of said plan shall be filed with the Commission Council of the city of New Orleans and
recorded with the register of conveyances for the parish of Orleans.

§109. Legal status of official plan

A. Whenever a commission has adopted a master plan of a parish or municipality, as the case may be, or
one or more major sections or districts thereof and has filed certified copies thereof as provided in R.S.
33:108, no street, square, park or other public way, ground, or open space, or public building or structure,
or public utility, whether publicly or privately owned, shall be constructed or authorized in the parish

or municipality, as the case may be, or in such planned section or district until the location, character,

and extent thereof has been submitted to and approved by the commission. In case of disapproval, the
commission shall communicate its reasons to the local legislative body which shall have the power

to overrule such disapproval by a recorded vote of not less than two-thirds of its entire membership.
However, if the public way, ground, space, building, structure, or utility is one the authorization or
financing of which does not, under the law or charter provisions governing same, fall within the province of
the local legislative body, then the submission to a planning commission shall be by the board, commission,
or body having such jurisdiction, and a planning commission’s disapproval may be overruled by such
board, commission, or body by a vote of not less than two-thirds of its membership. The failure of a
commission to act within sixty days from and after the date of official submission to a commission shall be
deemed approval.

B. Whenever a parish or municipal planning commission has adopted a master plan, the governing
authority of such parish or municipality shall consider such adopted master plan before adopting,
approving, or promulgating any local laws, ordinances, or regulations which are inconsistent with the
adopted elements of the master plan.

§109.1. Relationship between local master plans and the plans of the state and other political
subdivisions

Whenever a parish or municipal planning commission has adopted a master plan, state agencies and
departments shall consider such adopted master plan before undertaking any activity or action which would
affect the adopted elements of the master plan.

§110. Miscellaneous powers and duties of commission

A commission may promote public interest in and understanding of a plan and to that end may publish and
distribute copies of a plan or of any report and may employ such other means of publicity and education
as it may determine. Members of a commission, when duly authorized by a commission, may attend
planning conferences or meetings of planning institutes or hearings upon pending planning legislation, and
a commission may, by resolution spread upon its minutes, pay the reasonable traveling expenses incident
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to such attendance. A commission shall, from time to time, recommend to the appropriate public officials
programs for public structures and improvements and for the financing thereof. It shall consult and advise
with public officials and agencies, public-utility companies, civic, education, professional, and other
organizations, and with citizens with relation to the protecting or carrying out of a plan. A commission
may accept and use gifts for the exercise of its functions. All public officials shall, upon request, furnish
to a commission, within a reasonable time, such available information as it may require for its work. A
commission, its members, officers, and employees, in the performance of their functions, may enter upon
any land and make examinations and surveys and place and maintain necessary monuments and marks
thereon. In general, a commission shall have such powers as may be necessary to enable it to fulfill its
functions, promote planning, and in all respects carry out the purposes of this Sub-part.

§111. Scope of control of subdivision

Whenever a planning commission has adopted a major street or road plan of the territory unincorporated, in
the case of a parish planning commission, within its jurisdiction or part thereof and has filed certified copies
of such plan with the local legislative body and with the clerk of court of the parish, it shall be incumbent
upon any individual or corporation prior to filing or recording such plat to first obtain approval by such
planning commission and the approval entered in writing on the plat by the chairman or secretary of the
commission and failure to so do shall constitute the right of the governing authority wherein said land is
located not to accept same as a duly accepted and dedicated subdivision. Nothing contained herein shall

be construed to prohibit the respective clerks of court and recorder of records of the various parishes from
recording surveys and/or plats of land presented to them for recording or filing as a public record.

§112. Subdivision regulations

A. Before exercising the powers referred to in R.S. 33:110, a parish planning commission shall adopt
regulations governing the subdivision of land within unincorporated territory within its jurisdiction for
purposes other than agricultural.

B. Before exercising the powers referred to in R.S. 33:110 a municipal planning commission shall adopt
regulations governing the subdivision of land within its jurisdiction.

C.(1)(a) Within those parishes or municipalities with a population in excess of four hundred twenty-five
thousand which have a recreation plan officially adopted in accordance with R.S. 33:108, the governing
body may enact or may authorize its appropriate agency to enact, as a part of the municipality’s or parish’s
subdivision control regulations, requirements that a subdivider of land dedicate such land areas, sites,
and locations for park, playground, and public school purposes as are reasonably necessary to service the
proposed subdivision and the future residents thereof, but in no case more than five percent of the gross
area of the proposed subdivision. The regulations may provide that the dedication shall be a condition
precedent to the approval of any subdivision plat. They shall set forth the standards to be applied in
determining the amount of land that is required to be dedicated. These standards shall be based upon the
number and type of dwelling units or structures to be included in each subdivision. These standards shall
also be based upon studies and surveys conducted by the municipality or parish through its appropriate
agency in order to determine the need, if any, for park, playground, and public school sites generated

by existing subdivisions within the municipality or parish containing various types of dwelling units or
structures.

(b) When the municipality or parish through its appropriate agency adopts regulations requiring a
subdivider to dedicate park, playground, and public school sites, as authorized by this Subpart, it may also
adopt as part of the municipality’s or parish’s regulations governing the subdivision of land, provisions
requiring a subdivider, in lieu of dedicating the sites, to pay to the municipality or parish, a sum of money
or a combination of money and sites equal to the value of land that would otherwise be required to be
dedicated for park, playground, and public school purposes, whenever the local governmental body through
its appropriate agency determines that it would not be in the public interest to accept the dedication in
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connection with a particular proposed subdivision. The provisions shall enumerate the standards to be
applied in determining when it is not in the public interest to accept the dedication and shall provide for the
manner of making payment.

(c) All funds so received shall be held by the municipality or parish or a designated department or agency
thereof, in a special account, and shall be applied and used by the municipality or parish to acquire

park, playground, and public school sites for the benefit of the residents of the subdivision for which the
payment was made. Provisions may be adopted establishing standards for the application and use of the
funds in accordance with the foregoing limitation. The provisions may also provide that the payment in
lieu of dedication shall be a condition precedent to the approval of any subdivision plat, or may provide
that the payment be deferred or made in installments following approval of a subdivision plat, upon the
subdivider’s posting good and sufficient surety bond guaranteeing the payment. The parish or municipality,
as the case may be, may enforce such bond by all appropriate legal remedies.

(2) Such regulations may provide for the proper arrangement and width of streets in relation to other
existing or planned streets and to the master plan, for adequate and convenient open spaces for traffic,
vehicular parking, utilities, access of firefighting apparatus, recreation, light and air, and for the avoidance
of congestion of population, including minimum width and area of lots.

D. Such regulations may include provisions as to the extent to which roads, streets, and other ways shall
be graded and improved and to which water and sewer and other utility mains, piping, or other facilities
shall be installed as a condition precedent to the approval of the plat. The regulations or practice of a
commission may provide for a tentative approval of the plat previous to such installations; but any such
tentative approval shall be revocable and shall not be entered on the plat. In lieu of the completion of such
improvements and utilities prior to the final approval of the plat, a commission may accept a bond with
surety to secure to the parish or municipality, as the case may be, the actual construction and installation of
such improvements or utilities at a time and according to specifications fixed by or in accordance with the
regulations of the commission. The parish or municipality, as the case may be, may enforce such bond by
all appropriate legal remedies.

E. All such regulations shall be published as provided by law for the publication of ordinances, and,
before adoption, a public hearing shall be held thereon. A parish planning commission shall give notice
of the purpose, time, and place of the hearing by one publication in a newspaper of general circulation

in the parish at least ten days prior to the date set. A municipal planning commission shall give notice of
the purpose, time and place of the hearing by one publication in a newspaper of general circulation in the
municipality at least ten days prior to the date set. Certified copies of such regulations shall be filed by

a commission with the local legislative body and the clerk of court of the parish. Regulations governing
the subdivision of land may be amended from time to time, subject to the requirements governing original
adoption with respect to notice, hearing, and filing with local authorities.

F. Whenever pursuant to R.S. 33:4562-4566 two or more parishes or parts thereof have been combined

by agreement into a single recreation district such that the parish boundaries do not coincide with the
recreation district, the local governing body through its appropriate agency shall refer the standards
required by this subpart to the recreation district commission in which the proposed subdivision is located.
The standards shall not be effective until the recreation district commission certifies, pursuant to procedures
set forth in the interlocal agreement, that they are the same as those prevailing throughout the jurisdiction of
the recreation district. The foregoing section may be applicable to all federally assisted housing programs
whether or not a subdivision of land would be required.

§113. Procedure; legal effect of approval of plat
A planning commission shall approve or disapprove a plat within sixty days after the submission thereof

to it; otherwise such plat shall be deemed to have been approved, and a certificate to that effect shall be
issued by such commission on demand. The applicant for a commission’s approval may, however, waive
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this requirement and consent to an extension of such period. The ground of disapproval of any plat shall

be stated upon the records of such commission. Any plat submitted to such commission shall contain

the name and address of a person to whom notice of a hearing shall be sent; and no plat shall be acted

on by such commission without affording a hearing thereon. Notice shall be sent to the said address by
certified mail of the time and place of such hearing not less than five days before the date fixed therefor. A
planning commission shall give notice of such hearings, including the purpose, time, and place, by at least
one publication in a newspaper of general circulation in the area surrounding the proposed subdivision,

not less than five days prior to the hearing date; provided, however, that in parishes or municipalities with

a population in excess of one hundred fifty thousand, the public hearing may be waived by the planning
commission or planning authority for subdivisions creating five or less lots not involving the creation

of any new streets, and provided further that the provisions in such waivers shall be clearly set forth in

the official subdivision regulations. Every plat approved by a planning commission shall, by virtue of

such approval, be deemed to be an amendment of or an addition to or a detail of the official plan and a

part thereof. Approval of a plat shall not be deemed to constitute or effect an acceptance by the public

of any street or other open space shown upon the plat. A planning commission may, from time to time,
recommend to the local legislative body amendments to the zoning ordinance or map or additions thereto to
conform to such commission’s recommendations for the zoning regulation of the territory comprised within
approved subdivisions.

In the case of a parish planning commission, such requirements or restrictions shall be stated upon the plat
prior to the approval and recording thereof and shall have the same force of law and be enforceable in the
same manner and with the same sanctions and penalties and subject to the same power of amendment or
repeal as though set out as a part of a zoning ordinance or map.

§113.1. Administrative procedure

A. Notwithstanding other provisions of this Subpart or other law to the contrary, the governing authority
may adopt an ordinance establishing administrative procedures for approving or certifying certain plats
involving minor modifications of existing parcels of land. The categories of such modifications qualifying
for such administrative approval or certification are:

(1) The realignment or shifting of lot boundary lines, including removal, addition, alignment, or shifting of
interior lot boundary lines, or the redesignation of lot numbers provided the application meets the following

requirements:

(a) Does not involve the creation of any new street or other public improvement except as otherwise
provided in this Section.

(b) Does not involve more than two acres of land or ten lots of record.

(c) Does not reduce a lot size below the minimum area or frontage requirements established by ordinance.
(d) Otherwise meets all the requirements of the subdivision regulations and zoning ordinances.

(2) Parcels of land where a portion has been expropriated or has been dedicated, sold, or otherwise
transferred to the parish or municipality, thereby leaving a severed portion of the original property which
requires a redesignation of lot number and establishment of new lot boundary lines.

B. Notwithstanding the provisions of Paragraph (1) of Subsection A of this Section, such administrative
procedures may provide for the dedication, acceptance, relocation, or deletion of public utility servitudes,

other than streets, or the deletion of gas, electric, or telephone utility servitudes acquired by private act or
pursuant to the provisions of R.S. 19:1 et seq. on the property being resubdivided.
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C. All plats approved or certified by an administrative procedure provided for herein shall designate

such fact on the plat and the plats shall be recorded in the conveyance records of the parish. Any plat so
approved shall have the same force and effect and legal status of a subdivision application approved by the
established legislative process.

§114. Transfer of lots in unapproved subdivisions

A. Whoever, being the owner or agent of the owner of any land located within a subdivision, transfers
or sells or agrees to transfer or sell any land by reference to or exhibition of or by other use of a plat of a
subdivision, before such plat has been approved by a planning commission and recorded or filed in the
office of the clerk of court of the parish, shall make the instrument of transfer subject to compliance with
laws, ordinances, and regulations relative to the development of subdivisions.

B.(1) Whoever, being the owner or agent of the owner of any land located within a subdivision, transfers
or sells or agrees to sell any land by reference to or exhibition of or by other use of a plat of a subdivision,
before such plat has been approved by a planning commission and recorded or filed in the office of the
clerk of court of the parish, without making the instrument of transfer subject to compliance with laws,
ordinances, and regulations relative to the development of subdivisions, shall pay a penalty of five hundred
dollars for each lot or parcel so transferred or sold or agreed or negotiated to be sold.

(2) The description of such lot or parcel by metes and bounds in the instrument of transfer or other
document used in the process of selling or transferring shall not exempt the transaction from such penalties
or from the remedies herein provided.

(3) The parish or municipality, as the case may be, may enjoin such transfer or sale or agreement by suit
for injunction brought in any court of competent jurisdiction or may recover the penalty by a civil action in
any court of competent jurisdiction.

§115. Improvements in unapproved streets

The parish or municipality, as the case may be, shall not accept, lay out, open, improve, grade, pave, curb,
or light any street, or lay or authorize water mains or sewers or connections to be laid in any street, within
any portion of territory for which a planning commission has adopted a major street plan, unless the street
has been accepted or opened as or has otherwise received the legal status of a public street prior to the
adoption of such plan, or unless the street corresponds with a street shown on the official master plan or
with a street on a subdivision plat approved by a planning commission or with a street on a street plat made
by and adopted by a commission, copies of which plat have been duly filed as provided in R.S. 33:108.
The local legislative body may, however, accept any street not shown on or not corresponding with a street
on the official master plan or on an approved subdivision plat or an approved street plat, if the ordinance
or other measure accepting such street is first submitted to the planning commission for its approval and, if
approved by the commission, is enacted or passed by not less than a majority of the entire membership of
the local legislative body or, if disapproved by the commission, is enacted or passed by not less than two-
thirds of the entire membership of the local legislative body. A street approved by a planning commission
upon submission by the local legislative body, or a street accepted by a two-thirds vote after disapproval
by the planning commission, shall thereupon have the status of an approved street as fully as though it had
been originally shown on the official master plan or on a subdivision plat approved by the commission or
had been originally platted by the commission.

§116. Erection of structures
When a planning commission has adopted a major street plan, no structure shall be erected on any lot
within the affected area, nor shall a building permit be issued therefor unless the street giving access to the

lot upon which such structure is proposed to be placed has been accepted or opened as or has otherwise
received the legal status of a public street prior to that time, or unless such street corresponds with a
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street shown on the official master plan or with a street on a subdivision plat approved by the planning
commission or with a street on a street plat made by and adopted by the commission or with a street
accepted by the local legislative body, after submission to the planning commission, by a favorable vote
required in R.S. 33:115.

Where a municipality has a planning commission, any structure erected in violation of this Section shall be
deemed an unlawful structure, and the municipality may bring suit for a mandatory injunction in any court
of competent jurisdiction to compel its removal. Where a parish has a planning commission, any structure
erected in violation of this Section shall be deemed an unlawful structure, and the legislative body can bring
an action to remove.

§117. Status of existing platting statutes

When a planning commission has control over subdivisions as provided in R.S. 33:111, the jurisdiction
of the planning commission over plats shall be exclusive within the territory under its jurisdiction, and
all statutory control over plats or subdivisions of land granted by other laws shall, in so far as in harmony
with the provisions of this Sub-part, be deemed transferred to the planning commission of the parish or
municipality, as the case may be.

§118. Designation of parish planning commission as municipal commission

In any municipality located in a parish which has a parish planning commission, the legislative body of
the municipality may designate the parish commission as the municipal planning commission. Upon

such designation the planning commission shall have all the powers and functions relating to making,
adopting, amending, and adding to the master plan of the municipality or part thereof, or relating to the
planning of the municipality as provided or granted by this Sub-part or by other laws to the municipal
planning commission of the municipality; and the master plan, its parts, amendments, and additions made
and adopted by the designated commission for the municipality shall have the same force and effect in

the municipality as though made and adopted by a municipal planning commission appointed by the
municipality. In acting as the planning commission of the municipality, the designated parish commission
shall follow the procedure specified by the provisions of this Sub-part and other laws relating to municipal
planning commissions. Any municipality so designating a parish planning commission as its planning
commission shall pay to the designated commission that portion of the expenses of the designated
commission which is properly chargeable to the planning service rendered to the municipality.

§119. Coordination with parish planning

In any parish where there exist separate parish and municipal planning commissions, every municipal
planning commission shall consult and co-operate with the parish planning commission for the purpose of
guiding and accomplishing a co-ordinated, adjusted, and harmonious development of the parish, of zoning
districts and of public improvements and utilities and of subdivisions which do not begin and terminate
within the boundaries of any single municipality.
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