The case studies that follow illustrate the different
ways in which mitigation measures can be imple-
mented to reduce the impacts of natural hazards to

lives and property. The case studies are representative of risk
situations in many locations across the country, and demonstrate
some of the mitigation measures that can be taken to address those
risks. The difference in the size and complexity of the case studies
illustrates the diversity of mitigation measures which are being under-
taken.

Seismic Retrofitting to Protect Litelines:
The City of Memphis, Tennessee,
Memphis Light, Gas, and Water
Division

In many high and moderate seismic risk areas,
earthquakes pose a tremendous threat to lifeline
services, such as power, waler, and infrastructure

Systems. Nowhere is there a clearer example of such a threat than
in the City of Memphis, Tennessee.

The City of Memphis 15 located within the impact area of the New
Madrid fault systern. The Center for Earthquake Research and Infor-
mation at the University of Memphis has reported a 40% to 60%
probability of a New Madrid Seismic Zone earthquake in the magni-
tude of 6.0 to 6.3 within the next 15 vears. Therefore, it is only a
matter of time before lifelines in the City of Memphis experience the
impact of a significant earthquake.

In recognition of the risk posed to lifelines in the New Madrid area,
the Memphis Light. Cas, and Water Division has initiated a seismic
retrofit project to protect its Davis Water Pumping Station {located in
Southeast Memphis), and to enhance the survivability of the connec-
tions between the water distribution lines in one-third of the city’s
production wells. The seismic retrofit of the Davis Water Pumping
Station will involve the strengthening of supporting structures and by-
Ing together of components so that they will vibrate as a unit during
an earthquake. To achieve this mitigation objective, Memphis Light,
Gas, and Water plans to: reinforce and anchor masonry walls,
strengthen steel frames; improve the connection between concrete
walls and roof systerns; secure and/or anchor pipes and valves; brace
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! . pipelines and equipment for water treatment
and control; and protect an overhead crane.
The retrofitted Davis Water Pumping

' Station’s useful life is calculated to be over

| 100 years.

The total cost for the Davis Water Pumping

1 1111 Station project is $448,000. A grant through
FEMA's Hazard Mitigation Grant Program,
announced on November 271, 1996, will
provide 75 percent of the funding. By comparison, the estimated
cost to replace the pumping station in the event of a large earthquake
is over $17 million dollars. Additionally, each day the water pumping
station is not in service costs $7.4 million in lost services. The total
projected savings in the estimated value of the loss of services from
the Davis Water Pumping Station Retrofit, factoring in the probability
of an earthquake. is $172 million ®

The second half of the earthquake mitigation project is to repiace 55
of the city's 170 rigid preduction well connectors with flexible con-
nectors which better withstand the ground motions and displacement
often caused by seismic activ-
ity. The project involves in-

stalling a flexible connection

The refrofithing of he Davis Water Pumping Siation will prevent
an estimated loss of $1.4 million in services per day it the
gvent of an earthguake. Increasing the well conneciors fo with-
Siand 3 6.5 to 7.5 sarthguake. at a cost of 88,280 per connec-
tor, prevents an estimated loss of $188,000 a day for each
CONRBCIor aamaged in a futuire earthquake.

between the rigid well pipe
and the collecting main. The
flexible connectors will alfow
for a 30-degree rotation and
an 8-inch expansion of the
connection without breakage.
It has been estimated that the
connectors will increase each
well’s seismic capacity to

withstand a 6.5 to 7.3 magnitude earthquake, depending on the lo-
cation of the earthguake in the New Madrid fault system. The cost
for engineering, parts, and labor of retrofitting each well's connectors
15 $9.280 (for a total project cost of $510,400), 75 percent of which
will be paid for using HMGP funds. This investment will help Mem-
phis Light, Gas, and Water to avoid estimated losses of $188,000 per
day for each well connector damaged in a future event.

While it 15 clear that the direct economic benefit of this mitigation
effort more than justiiies Its expense, it is equally important to recag-
nize that the Memphis Light, Gas, and Water project will also provide
substantial indirect beneiit to the community at large. By protecting
the Dawvis Water Pumping Station and many of the connectors in the
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city's water system, area homes and businesses will benefit from a
more reliabla water supply in the aftermath of an earthguake. - This
supply will reduce the need for communities to import potable water
or provide alternative sanitation facilities for its residents and busi-
nesses. The continuance of water services will allow many businesses
to remain open after an earthquake, which will reduce economic and
social costs caused by business interruption. The retrofit effort can
also help ensure the availability of adequate water resources for
emergency services, which will aid in firefighting and the mainte-
nance of public health and sanitation during the immediate aftermath
of an earthquake.

The Memghis Light, Gas. and Water mitigation project is an effort

that will provide benefits far outweighing the project’s costs. 1t is a
strong example of mitigation that provides substantial community

protection while still making good economic sense.

Reinforcement of Highway Bridges:
Caltrans

In many high-risk seismic areas, State and
local governments have decided to reduce
the vulnerability of critical infrastructure to

earthquakes through retrofitting. An excellent
example o7 such activity is found in the case of the
longstanding programs of the State of California’s Depart-
ment of Transportation (Caltrans! which provides seismic
resistance upgrades to highway bridges across the state.

Caltrans first established its bridge retrofit program in
1971 in response to the high seismic threat posed to the
majority of California commurities. The program utilizes State fund-
ing and partial funding from the Federal Highway Administration to
pay for necessary retroiit activities.  The on-going program has been
implemented in numerous phases. The initial program consisted of
using steel cables to restrain sections of 1,262 bridges. This effort
cost over 354 million and was completed in 1989, Aiter the 1989
Loma Prieta Earthquake, 1,039 bridges were identified for strength-
ening at a cost of $769 million; and after the 1994 Northridge Earth-
quake an additional 1,157 bridges were identified for strengthening
at a cost 07 31.05 hillion. As of January 1997, 1,305 of the identified
bridges have been strengthened, and an additional 923 bridges are




currently under construction. The next phases of the Seismic Retroiit
Program will identify and strengthen local and toll bridges.

With an average size for a retrofitted bridge equaling approximately
26,715 square feet, the average cost per square foot for retrofitting is
$31.71. By contrast, if a bndge were to be destroyed in an earth-
quake, a new bridge would typically cost between $90-$120 per
square foot in construction occurring on a normal schedule. This
does not include the cost of demolition of the old bridge, which is
typically $30 per square foot. Using this data, an average bridge re-
placement cost after an earthquake would total about $135 per
square foot This infers that the average bridge retrofit cost is about
22.7% oi the replacement cost.”

This percentage, however, does not tell the whole stary. First,
Caltrans has confirmed that the cost data for retrofitting bridges in
California is skewed upward by some very large, difficult, and expen-
sive retrofits that were undertaken in the San Francisco Bay area since
the program was initiated. Second, when bridges are destroyed in an
earthquake, there is often good reason to rebuild the bridge on a
rush schedule in order to reopen critical traffic arteries, restore the
local economy, and facilitate a more rapid recovery. Such a rush
schedule requires payment of substantial overtime to construction
workers, and increases premi-

The lypical cost per square fool for relrolitting bridges is 832

ums paid o contractors for
early completion. Finally, a

The tvpical cost for a replacement bridge is §135. Thus, the large disaster event, can pro-
average bridge retrofit is about 22. 7% of répiacement cost. duce shortages of construction

labor and materials because of

the farge amount of construc-
tion that must take place in a short period of time. This can increase
the cost of labor and materials in the post-disaster environment,
which will further increase replacement costs. This has been a prob-
lem experienced in numerous disasters, including Hurricane An-
drew® and the Northridge Earthquake.”

After analyzing replacement and retroiit costs, the results indicate that
on the basis of direct costs alone, retrofitting 1s worthwhile. These
results, haowever, do not take into account the significant indirect
benefits of retrofiting that accrue to the residents of the earthquake
area. Traffic arteries are critical to the functioning of any local

© Mark Yashinsky Caltrans Gice of Eanncuake £ngineertg, Caliorria Deparmert of Transoonialar.
Tetannane Interview January 1997 ez giz2 figuie used 15 an avecage of Ire sizes aof a sampie af 1051
retrchtiad bnidges
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economy. When they are not accessible, businesses, particularly small
retail businesses that depend on traffic accessibility, are adversely af-
fected and people may not be able to travel to and from their places
of work. Thus, the maintenance of traffic artery accessibility is an im-
portant aspect oi the community that enables citizens to maintain
their occupational and personal lives after a disaster, which in turn
facilitates and promotes economic recovery.

While this analysis demonstrates the cost-effectiveness of the seismic
retrofitting of highway bridges, actual disaster experience proves this
point. In the Northridge Earthquake, there was visible and highly ex-
tensive damage to several highway bridges. However, the bridges
retrofitted by Caltrans sustained little or no damage'” whereas the
bridges that sustained significant damage had not yet been retrofitted
through the program.

Historic Structures and
Community Development:
Darlington, Wisconsin

Historic structures add personality, charm,
and a sense of history to many American

communities. When historic structures are Iocated
in high-risk areas, and community leaders decide to take
action to protect the historic character of their communi-
ties, mitigation measures must be compatible with these
desires.

Such is the case in the City of Darlington, located in the Southwest-
ern part of Wisconsin in an area of rugged hills, ridges, and river val-
leys. Located on the slopes of the Pecatonica River, the downtown
area is crossed bv the niver, which has a well-defined floodplain, and
several community parks located along the riverfront

The city was settled in the 1850 as a commercial point aiong an
early frade route between Galena, lllincis and Minerai Point, Wiscon-
sin. The downtown area has several buildings of architectural and
historical significance such as the Lafayette County Courthouse which
has been on the National Register of Historic Places since 1276, In
1994, the State Historical Society of Wisconsin nominated
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Darlington’s historic Main Street Central Business District to the Na-
tional Register of Historic Places.

in addition fo the
seguction in potential
damages from the flood
mitigation, Darlingion’s
EAVIFOITTIENT Was made
saker. ifs aesthelic
quality was heightened,
the city s economic
development potential
was increased. and ihe
aatural function of the
floodplain was restored.

The City of Darlington experienced flooding in
1950, 1959, 1969, 1290 and 1993 with the 1990
flood event being one of the worst. Rushing waters
from the swollen Pecatonica River washed out
bridges and roads, and caused extensive crop
damage, damage to dozens of homes and busi-
nesses, sewer back-up, debris build-up in streams,
power outages, and damage to the area’s hiking
trails. High water levels forced the closing of all
major highways into the city and created islands of
high ground. Several fuel and chemical storage
tanks which are located along the River were dam-
aged and damage was reported at the city’s waste-
water treatment plant. In the historical downtown
area, approximately 30 businesses were damaged,
and flooding was so severe that several downtown
residents had to be evacuated by motorboat. Out-
side of the downtown area, homes were Inun-

dated as flood waters rose 7 feet above flood stage. In all, the
damages in Darlington during the 1990 flood event accounted for
the vast majority of damages experienced in Lafayette County, which
totaled approximately $2.8 million. ™

Darlington’s history of flooding and associated damages indicate that
mitigation measures would be appropriate and could end the cycle of
repetitive flood damage. After the 1993 flood, the City of Darlington
decided to undertake an extensive flood mitigation project. The
project mvolved the following elements:

B Floodproofing 12 structures in the downtown area, and acquisi-
tion and relocation of 15 additional structures. The
floodproofing consisted of filling the basements with sand and
suitable fill, elevating the first floors, constructing vestibules, and
installing removable floodshields. Floodshields in the interiors
of the buildings would allow water to infiltrate the vestibules.
The vestibules were constructed with drainholes and made of
material that can easily be hosed down after a major flood.
These floodproofing designs conformed to the Secretary of the
interior’s Standards for Building Rehabilitation and Guidelines
for Rehabilitating Historic Homes, and the floodplain manage-
ment requirements of the State of Wisconsin Natural Resource

Code 116.
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B Development of a business park on a 35-acre parcel south of
Darlington using Economic Development Administration funds
to provide the necessary infrastructure. This consists of a water
main, gravity sewer and force man, on-site sewage lift station,
an access road and drainage improvements. After compietion
of these improvements, several of the businesses in the flood
prone areas of the city that are acquired would be moved to
this parcel ior the business park.

® Conversion of the acquired land near the river to a park and
campground.

Federal, State, and local outlays for the mitigation project totaled
$3.4 million' representing 78 percent of total project funds (58 per-
cent came from FEMA, and 20 percent from the Economic Develop-
ment Administration). The remainder of the funds for the project
came from State and focal contributions, as well as from locai finan-
cial institutions and the resources of local property owners,

In addition to the reduction in potential damages this mitigation
project produced a number of other indirect benefits Darlington’s
environment was made safer, its aesthetic quality was heightened, the
natural function oi the floodplain was restored, and the city’s eco-
nomic development potential was increased. For example:

B By relocating many of the storage tanks and distribution systems
for fuel oil, propanc, and natural gas, the flooding threat to
these resources has been almost entirely eliminated. This has
significantly reduced the potential for pollution or explosion
associated with these sites.

B Businesses that use and maintain varying quantities of hazard-
ous materials were relocated outside the floodplain, thereby
eliminating the threat of hazardous material dispersion by
floodwaters.

W The removal of structures and asscciated materials from the
floodplain reduced the potential for dangerous fioating debris
during floods.

B The open space created by removal of structures irom the
floodplain increased the area’s aesthetic quality and created
recreational apportunities. This has benefited not aniy the look
of the downtown area, but has also increased the economic po-
tential of nearby businesses, since the improved downtown
area is now more attractive to shoppers and store patrons.
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Critical Facility Mitigation: Olive View
Medical Center in California and
FEMA's Seismic Hazard Mitigation
Program for Hospitals

Many States and communities over the years have
decided that it is in their best interest to begin miti-
gating the natural hazard risks posed to critical facili-

ties, such as hDSpitaIS. A prominent example of such mitigation can
be found in the case of the Los Angeles Olive View Medical Center,
in California. The 850-bed Los Angeles Ofive View Medical Center,
which cost approximately $23.5 million to build, was dedicated in
November 1970." The Center was built according to the 1965 Los
Angeles Building Code, which did not contain many of the seismic
protection provisions found in the 1973 building code.

In 1971, the Sylmar Earthquake {(more cormmonly known
as the San Fernando Earthquake) destroyed most of the
building, caused three deaths on-site, and forced the
evacuation of the structure.™ When the hospital was
replaced in 1988, it was designed and constructed to
new statewide performance standards and enforcement
procedures for hospitals intended to maintain functional-
ity following earthquakes. The cost of replacement was
$48 million (1988 cost).’*

The new seismic provisions proved worthwhile when the Northridge
Earthquake struck the Los Angeles area in 1994. In that event, the
Olive View Medical Center sustained only minor damage totaling

$6 & million, or 11 percent of the total replacement cost (560 million
in 1996 dollars). Furthermore, the building damage sustained in
1994 was repairable and the facility was fully operational within four
weeks, which was not the case with the 1971 earthquake. The valu-
able medical services provided by Olive View continued to benefit
the community.

This case Mlustrates the value of seismic mitigation for hospitals in ar-
eas of high earthquake risk. Because o suceesses such as Olive View,
FEMA has established a program to encourage such mitigation. Aiter
the Northridge Earthquake, the Seismic Hazard Mitigation Program
for Hospitals (SHMPH) created an optional alternative to the Damage

4% Denartmerl of Commere National Bureau o Slancarcs “Ergi-eaiag Aspects of the Sar Ferando
Eacthguake ™ Building Science Series #40 (1971
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Survey Report (DSR) process that FEMA traditionally uses to calculate
the amounts of disaster assistance to be given to public facilities after
disasters. The program is designed to accommodate hospital facilities
that were structurally damaged in the Northridge Earthquake, and
that were constructed prior to 1973 when Californnia established
special seismic safety regulations for hospital construction. Tne
SHMPH provides funding specifically for mitigation measures that are
likely to significantly improve a building's seismic performance.

These funds are provided on a Federal/non-Federal cost-share basis.

The SHMPH will provide a fixed grant amount for each square foot of
building area. This grant amount per unit area was developed ac-
cording to a specific cost-estimation methodology, which was based
on a database of actual con-

struction costs for similar In the 19771 San Fermando Earthquake, the Oiive View Medical

projects. The use of this fixed ) ) .
grant formula will avoid a time- | CEMMer was réndered uninhabiiable and had to be evacualed

consuming, detaled analysis of permanently. The Center was rebuilt with stricter sefsmic
each individual project design. standards in 1988, As 2 resuit, the 1994 Northriage
Farthquake caused only minor damage which tolaled only 17

The grant amount 1n each case
5 percent of ihe rBplacemeant Cost.

will be sufficient to raise the

seismic resistance oi the quali-
Tying hospital buildings to Im-
mediate Occupancy or Damage Control standards. These standards
refer to a condition in which the hospital would be functional imme-
diateby after an earthquake with only minor non-structural damages
which pose a low-risk of seriaus injury. Because of the extent of the
upgrade work funded by the SHMPH, there is no nced for additional
funding for the permanent repair of damages beyond the SHMPH
determined amount.

FEMA established SHMPH because improving the performance of
general acute care hospital facilities will provide significant benefits
following anv major earthquake in the area. For example, the need
to evacuate non-ambulatary patients from older, damaged hospital
buildings will be eliminated, and emergency services needed ior the
treatment of disasier victims immediatelv following the earthquake
will proceed uninterrupted.

The SHMPH provides a broader availability of funding for the repair
of hospital buildings damaged by the Northridge Earthquake, as well
as more flexible provisions for its use by the eligible hospital institu-
tions. The funding amount is based on the cost of upgrading the en-
tire qualifying hospital building, rather than just the damaged
element In addition, at the choice of hospital institutions. the funds
may be used for “improved projects” involving the replacement of
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damaged facilities with more modern facilities designed to serve the
same geographic community.

Approximately 22 hospital complexes in the 3-county Northridge
Earthquake disaster zone are eligible for participation in the SHMPH.
It is expected that more than $2 billion in Federal, State, local, and
private funds will be expended in this mitigation program over a pe-
riod of up to 15 years, and that more than 30 percent of these funds
will be used to construct new, updated hospital buildings, which will
serve to improve health care delivery in times of disaster,

Mitigation to Avoid Business
Interruption Costs: Des Moines,
lowa

[Des,Moines

“n\—J_ - - L) - - Ll
.EW Lifeline services, like water, electricity, and
N telephone services, are an ongoing require-

ment for the economic well-being of a com-

munity. The floods of 1993 in Des Moines. lowa, provide
an example of how a failure in lifeline services can cause substantial
business interruption.

In July of 1993, the levee which had previousty protected the Des
Moines Water Works facility from inundation, was over-topped al-
lowing flood waters to enter the facility. Since the treatment plant
and associated equipment were under flood water, the plant could
not be operated. Over 250,000 custormers were without water ser-
vice for 17 days. In addition to the loss of potable water for this pe-
riod, sanitation and fire hazard concerns forced a large percentage of
area businesses to close their doors until water service was restored.

Direct costs associated with the damage to the Des Momes Water
Works facility totaled over $12 million. Fortunately, the majority of
this cost (510 million) was covered by a private sector insurance
policy which included a rnder for flood damages. The additional
flood coverage cost an additional $2,000 a year to the insurance
policy. but proved to be a worthwhile investment for the Des Moines
Water Works ™

Beyond property damages, costs were incurred for emergency resto-
ration of water services and the provision of immediate measures to

* Telagnors imareew wit Tamera Maser Des Mownas Water Werss Jznuary 1987




protect the facility from additional flooding. The cost of these mea-
sures, which included debris removal, emergency sandbagging,
pumping, and levee repair, totaled just over $2 million. FEMA,
through the Public Assistance Program, paid a 90 percent share of
these expenses. In addition, the Des Moines Water Works reported a
52 million dollar loss of revenue during the flooding period."”

Beyond the direct costs. an often overlooked and 2=

more far-reaching cost of lifeline service failure,

were the costs to area businesses as a result of A

business interruption. Only a small percentage of A =

the businesses in Des Moines reported closing 2 1l

due to direct ilood damages. However, over 40

percent of the businesses were closed for some period of time due to
the lack of water service.  Even businesses that do not rely on water
for production or operation were forced to close due to health, sani-
tation, and fire safety reasons. This resulted in fosses associated with
lost stafi productivity, the reduction in product inventory, and the loss
of sales revenue. In addition, these businesses continued to pay for
their fixed operational costs, such as building mortgage and rent,
which are ongoing regardless of whether the business is in operation.
In all, business losses in the Des Moines area have been estimated at
between 5200-500 million @

Following the 1993 floods, the University of Delaware’s Disaster Re-
search Center conducted a survey of over 1,000 businesses in the
Des Moines area to determine the affects of the loss of water service.
Of the businesses surveyed, over 80 percent reported being without
water a5 a result of the flooding, nearly 40 percent lost sewer service,
and 42 percent reported having to close for some period of time.
The median number oi hours that all business were closed was 96
hours (business and professional services reported the greatost num-
ber of hours of business interruption with a median of 120 hours). Of
those businesses forced to close as a result of the flooding, over 90
percent carried 1o business interruption insurance.™

The University of Delaware survey also compared the attitudes oi
businesses in Des Moines to the attitudes of businesses in Memphis,
Tennessee. which did not experience {oss of water service during the
1993 flonds  The Des Moines businesses were more aware of the
affects of an interruption of lifeline services. When the survey asked

" Teaohore wizrvew wek amaa Masor Bas Moies Water Works Jaruary 1997
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A riger 1o the Des
Moines Water Works
insurance policy to
cover flood damages
cost $2,000 a year and
covered 810 miflion of
the flood damages
sustained during the
Hoods of 1993,

Lgss than 10 percent of
the businesses that
were closed auring the
17 day laose in walsr
service had busmess
inferruplion nsurance
The business fosses in
the Des Moines ared
fave been estimalted at
between 3200-500
miftion.

the Des Moines respondents how disruptive the water outage was (o
their operations, 82 percent of the businesses responded that it was
either disruptive or very disruptive to their businesses,

One of the important conclusions of the business interruption study is
that mitigating damages to structures and building contents is not
enough to ensure continuity of business operations. Business inter-
ruption 15 very often attributable to factors originating outside the
business property, such as lifeline failures. This demonstrates that
businesses need to be concerned about the level of natural hazard
mitigation provided throughout their community. as well as mitigation
of their own facilities. In addition, the Des Moines example dermon-
strates that communities need to pursue community-wide mitigation
activity, as well as measures designed to protect individual structures.
This is the anly way in which to maintain the functionality of commu-
nities and local economies during a disaster.

The Des Moines Water Works has started to take action to increase
the reliability of the area’s water service during a natural hazard
event. The emergency protection measures, which included perma-
nently raising the protective levee around the Water Works' main fa-
cilities by & fect, have been maintained as a reinforcement of the
levee system. I order to provide a consistent water supply for their
expanding customer base, a two-step approach including the con-
struction of a second, smaller treatment facility at another location
and the use of aguifer storage, will be implemented. The second
treatment facility will meet growing water demands and provide a
limited back-up to the main plant if flooding should occur.  Aquifer
storage involves the storage of treated water in existing underground
geological formations. The stored water would be used during peak
demand periods, or in the event of a reduction in water supply from
the main water treatment plant. The approach is also designed to
pravide necessary reserves for fire protection.

The experience of the City of Des Moines during the floods of 1993
llustrates how utility-refated disaster costs often stretch well beyond
physical damage. In many instances, the indirect costs throughout
the community account for the vast majority of the losses associated
with natural hazard events. in this case, the direct cost of damages t©
the Des Moines Water Works treatment plant was approximately 574
millian. while the cost associated with the interruption of bustness
was over $200 million. Communities need to implement mitigation
measures to protect the lifeline services which are critical to busi-
nesses and other functions of the community.
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Seismic Retrofitting of Non-Structural
Elements: Lighting in the Los Angeles
Unified School District

Along with the structural modifica-
tion of buildings, there are many
non-structural measures that can
be taken to protect people and

property from seismic hazards. The
suspended lighting retrofit project for the Los

Angeles Unified School District (LAUSD} that

was initated after the Northridge Earthquake

disaster provides one such example.

The LAUSD is second in size only to the New York City Schoo? Dis-
trict. At present, the District is composed of over 900 schools, serving
a population of cver 800,000 students, and employing 57,000 full-
time and 24,000 part-time stait.? The LAUSD provides public edu-
cational services to a 708 square mile area including the Cities of Los
Angeles, Bell, Carson, Cuddly, Gardenia, Huntington Park, Lomita,
Mavwood, San Fernando, South Gate, Vernon, and West Hollywood;
portions of 18 other cities; and the unincorporated areas of Los An-
geles County

At the time of the Northndge Earthquake, the LAUSD facilities con-
sisted of about 50 million square feet of building space, of which
about 15 million square feet were illuminated with suspended ceiling
and imbedded pendant lighting systems.”® These lights have proven
to be dangerous to people who are 1n schools subject to earthquakes,
in that thev tend to {all irom the ceiling when impacted by strong
seismic motion. The Northridge Earthquake caused hundreds of
lighting umits to faii onto desks in classrooms that the students and
teachers would normally occupy during a

school day. Fortunately, the earthquake oc-

curred early in the morning when the schools The reinforcement ana/or replacement of the
were closed in ooservance of Dr. Martin . .

Luther King, Jr. Dav. As a result of this earth- Uﬂéff?g‘?d'ﬂmdam_‘/fgms /‘_q ihe ‘[05‘4"?5?‘9{55 )
quake experience the LAUSD, with the sup- Unified School District witl reduce the high risk
port of FEMA, decided to undertake the of infury to the more than 800 000 schoo!

seismic retrofitting or replacement of pendant children during he next earthquake event
lights to reduce the earthquake mjury risk, and

to meet current building code standards.
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In the Northridge Earthquake, 5500 buildings owned by LAUSD were
damaged with total damages currently estimated at $134 million.
Under Section 406 of the Stafford Act. FEMA funded $3.1 million for
damaged, unbraced pendant ceiling and lights. In addition, $45 mil-
lion was obligated under Section 404 of the Stafford Act to mitigate
unbraced pendant ceiling and fight systems of the same design that
were not damaged. Detailed benefit/cost analyses were completed
for all of these mitigation projects.

It is important to note that the rationale for funding the upgraded
ceiling and lighting systems takes into account the probability that
earthquakes will accur at all hours of the day (not just school hours).
However, if an earthquake were to occur during school hours, the
injury and death rates would be much higher than the average as-
surned for a 24-hour period. Civen the potential injury and death
rates during schooi hours, this tvpe of mitigation was considered
worthwhile and cost-effective.

Following the Northridge Earthquake, about 3162 million was allo-
cated by FEMA to the LAUSD  In repairing the damages from the
earthquake, buildings were upgraded to current building code stan-
dards which include provisions for safe lighting. With the expendi-
ture af these funds, FEMA is confident that the 800,000 school
children of the LAUSD are in a much safer environment and have
much less chance of injury or disruption of their education shouid
another earthquake strike.

Wind Shutter Protection: Emergency
Service Center South, Dade Gounty,
Florida

Many individuals and communities facing
high wind hazards have taken action to

mitigate their risks. One dear example of an ef-
fective protective measure can be found in Dade
County, Florida, where an emergency housing authority
took action to protect its structures from hurricane-force
winds,

Metro-Dade Office of Community Services administers
programs aimed at reducing social and econormic de-
pendency. One of these programs focuses on providing
emergency housing to iamilies who have been legally
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evicted from their homes. The Emergency Service Center South (the
Center) is one of the providers of emergency housing assistance in
the County.

Since 1973, the Center has provided transitional housing to evicted
families in need of assistance. As many as 150 families per year are
provided with a maximum of 60 days of temporary housing in facili-
ties owned and maintained by the Center. Families also receive
counseling from a housing advisor to assist them in finding alternative
living arrangements.?? To provide these services, the Center operates
and maintains four two-story concrete block buildings constructed on
concrete slab, with stucco finish and concrete tile roofing.  Each
building contains four apartments for use by evicted families. The
Center also has an administrative office.

The Center was {ocated in one of the areas heavily damaged by Hur-
ricane Andrew, which had winds in excess of 140 miles per hour, on
August 24,1992, During the hurricane, winds and debns broke the
unprotected windows on all sides of the Center’s four structures, and
breached the buiiding envelopes (the system by which the building
resists wind penetration). Wind was able to get inside the facilities,
damage building contents, and create direct internal wind pressures
that placed stress on the interior walls and roofing systems.  This
breaching caused $149,830 in damages to walls, furnishings, equip-
ment, ceilings, doors, kitchen cabinets, bathroom vanities, floor cov-
erings, and lighting fixtures.?® The types of damage to the interior of
the buildings was typical of damages expenienced by buildings unpro-
tected by wind shutters in high-wind events.*

Aiter the disaster. the county decided to not only rebuild the Center,
but to also take steps to mitigate the risks of sustained high-wind
damage in the future. Metro-Dade received funds from private insur-
ance to rebuild the Center  Additionally, FEMA Section 406 mitiga-
tion funding was provided for the purpose of mitigating against the
Center’s vulnerability to serious roof and contents damage in the fu-
ture. The mitigation funding was used to pay the cost of installing
wind shutters over exposed windows.

In completing the mitigation work, three afternatives were considered
to achieve the objective of protecting the envelopes oi the Center’s
four buildings. The use of galvanized steel removable storm pancls
and aluminum accordion shutters were determined te be the most

= Telaphare wlersaw w 0 _averne Taylor Metro-Dade Degartment of Humar Services Office of Sommun-ty
Services flapuzry 1587

3 FEMA Harard Mifigatcn doaiysis foi FEMA 0953-0R-F. Damage Survey Reoorl Nos 19379 32571
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For every 87 invested in
wind shirtlers at the
Errergency Semvice
Center South, at least
85 s saved in mitigated
inierior Gamages.
Additionally, the
invesiment reguces the
risk OF roof damage
caused by high wings
from ihe penstration of
the building s envelape.

2

EAH




practical protection at the lowest cost. The total cost of installing the
wind shutters to the apartments and administrative building was
530,000.% If the Center was rebuilt without the added protection of
wind shutters, the facility would have the same risk of interior and
roof damages from wind that it had prior to Hurricane Andrew.

Based on a benefit/cost analysis of the project {using projected future
damages similar to those sustained during Hurricane Andrew), it was
determined that ior every $1 invested in wind shutters at the Center
wouid result in a savings of at least $5 in mitigated interior damages
should a future event occur. The true savings however, is likely to be
much greater. The benefit/cost analysis did not take into account the
additional protection that the shutters provide to the roofing system
by protecting the building’s envelope. In addition, the benefit/cost
analysis did not calculate the savings associated with having an opera-
tronal facility immediately after a future hurricane, versus a facility
that would be closed due to disaster-related damages. Even without
adjusting the benefit/cost equation to account for these additional
beneilts, mitigating wind hazards by installing shutters is clearly a
cost-effective means of reducing damages associated with high winds.

Acquisition, Elevation and Relocation of
Residential Structures: The Midwest
Floods (Clty of Arnold, Missouri)

The flood events in the Midwest
during the spring and summer
of 1993 resulted in recerd flood
losses, with the total damage es-
timates ranging between $12

and $16 billion. About hali of these
damages were to residences, businesses,
public facilities, and transportation facifi-
ties, In alf, the nine-state disaster resulted
in 50 fatalities, the flooding of more than
55,000 homes, and the designation of 332
counties to receive Federal disaster aid.
Flooding occurred again in 1995. inundat-

" FEMA Hazard Wigahor Araiysis tor FEMA 0935-DR-FL Damage Survey Report Nos 13378, 34571,
37572 23573 ard 32374 (1994)




ing many of the same areas, though
not as severe as in 1993 .4

In response to the 1993 floods, the
Director of FEMA issued a policy in
September of 1993 which stated that
acquisibor, elevation, or relocation of
flood damaged structures would be
the priority of the Hazard Mitigation Crant Program (MMGP) funds
during the flood recovery efiort.?” At that time, a total of $44 million
in HMGP funds were available for the 9 affected states. Recognizing
that this ailocation would not meet the needs of tens of thousands of
flood victims, Congress provided two supplemental appropriations:
5200 million in 1993, and $250 million in 1994 in U.S. Department
of Housing and Urban Development Community Development Block
Grant {CDBC) funds earmarked for the Midwest Floods. Further-
more, L.S. Representative Harold Volkmer of Missouri and Senator
Tom Harkin of lowa sponsored amendments to the Stafford Act
which increased the amount of HMGP funds for the 9 states almost
fourfold. The resulting amendment changed the formula for calculat-
ing mitigation funds to 15 percent of the total Stafford Act grants. To
achieve the State and local match, FEMA coordinated an intensive
search on behalf of the flood-ravaged states to locate funds to serve
as the non-Federal match required for FEMA's mitigation funds.

As a result of this effort, by October 1, 1996, 170 mitigation projects
involving approximately 10,000 properties have been approved in
the 9 states affected by the floods. Included in this count are mitiga-
tion projects funded through the HMGF and Section 1362 of the Na-
tional Flood Insurance Program and the two supplemental CDBG
appropriations.-*

For the 1993 Midwest Fioods, $152.3 million was available through
the HMGCP Taking inte account the 75/25 cost-share, another $50.7
million witl be spent by State and local governments.

*  Trp 1662 3~3 1985 Wiowes! Flends Fcod Hazzre Mibigaion Thiough Properly Hazard Acguisilion And
Retocatior Peograr . Doalt Version) * FEMA Woganor Drectorate (Washingior DO FEMA, 1595

T Tre HMBPR azmimstarsd by FEMA 15 autonzec by Seclion 404 of the Robert T Siarfesd Disasier Revef
and Fmergercy Assisiarce Act ol 1982 T-¢ HMG can provide grants to State ard local governments e
475 gercer! Faderal 25 perant nar-Federal cost-3nare 0asis to pursug ehaible and cosl-gfteclive
meagalion M2asures For lhe Mid-West floods these measures ware lgoused or elevaling of floodorasfing
steuztures 1z 2omoly a:th Maboral Floog Insurance Program sisndatds or acquiing properties ina
flagdglar or ietocan=c ownars of lood damaged structurss to new sals 2nd sariary housing cutside tre
flacdolair

® Seclion T367 was lerminated by the Nahoral Fiood Insurarce Asfosm Acto” 1984 which established as &
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To be eligible for the HMGP funds, the anticipated benefits (reduc-
tion in future flood damages) of a proposed mitigation project must
exceed the total project cost (benefit/cost ratio of 1.01. Using a con-
servative assumption of 1.5 for the average benefit/cost ratio, the an-
ticipated total return from mitigation efiorts in the Midwest, at a
minimum is $304.5 miflion in reduced future disaster damages over
the next 50 years. This calculation only takes FEMA benefits in ac-
count, and does not include benefits to other Federal Disaster Assis-
tance programs, State and local governments, and communities at
large.

In order to demonstrate the effectiveness of non-structural mitigation,
in these cases acquisition or elevation, 30 communities in Hllinois and
Missouri with the highest repetitive loss rates in the Midwest between
1978 and 1995 were examined. A propert is classiiled as sustaining
repetitive fosses if it received two flood insurance claims payments of
over $1000 within a T0-vear period. The 30 communities exarnined
have a total of 4,621 repetitive loss properties which, over the period
studied, received 14,654 payments through the National Flood Insur-
ance Program for a total of ST9T million. Of the 774 Midwest com-
munities that sustained repetitive losses since 1978, 8,183 properties
have received 24,766 payments for a total of $290.6 million. Thus,
althaugh the 30 highest repeutive loss communities comprise only 3
percent of the 774 communities, they total more than 56 percent of
all repetitive loss properties, and 65 percent of the total dollar fosses
paid in the 9 Midwest states.

Using HMGP Section 1362, and CDBG funds, approximately 5100
repetitive-loss properties were acquired or elevated, in the 30 highest
repetitive-loss communities, with an estimated project cost to FEMA
of $66.3 million. Thus, the cost of acquiring or elevating these prop-
erties is approximately 35 percent of total past claims {over the T7-
year period studied). In addition to reducing the potential ior future
flood damages, the acquisition or relocation of properties in flood-
plains and the conversion of the property into open space provides
an opportunity for the return of the natural function of the fioodplain
and the re-establishment of wetlands. In many communities parks
and recreation areas will occupy lands where flood-prone homes
once stood.

The case study of the City of Arnold, located in Jefferson County, Mis-
souri, is a good example of the reduction in flood losses through
property acquisition and a strong floodplain management program.
The City of Arnold is located about 20 miles southwest of St. Louis at
the confluence of the Meramec and Mississippi Rivers. The geogra-
phy of the area is such that when the Mississippi River overflows its
banks, the City of Arnold experiences backwater conditions at the
Meramec tributary which causes river water to be forced back into
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the Meramec tributary, impeding normal
discharge. In tuen, flooding along the
Meramec tributary occurs, causing back-
water conditions to occur at the narrower
channels of severai local creeks.

The floodplains of the Mississippl and : .| _:
Meramec Rivers and local creeks, have 35| foAD CLOSED{E
been extensively developed in the last half = s
century. Structures that began as summer '
or fishing cottages became year round resi-
dences. This development decreased the
natural functions of the floodplain resulting
in area flooding. The increased velocity
and flow of the Mississippi River, due to the steady reduction of per-
vious surface upriver, heightened the risk of area flooding. The rate
of the growth in stormwater runoif outpaced efforts of the U.5. Army
Corps of Engineers to mitigate the effects of the increased runofi with
structural flood barriers. Adding to the problem, Jefierson County
had no procedures for stormwater management planning.

To initiate protection of exisung floodplain resources and to guide
future development, the City of Arnold adopted a floodplain man-
agement program in 1991, The plan included the following ele-
‘ments:

N A greenway to supplement the floodplain of the Mississipp!
Rrver.

B Stream maintenance to clear vegetation and debris from
stormwater channels, and identify and replace undersized cul-
verts

B Muddy Creek improvement study to determine solutions to this
heavily developed area floodplain (over 100 residential proper-
ties)

B Acquisition program to purchase damaged or destroved proper-
ties and help with relocation, thereby facilitating the creation of
the greenwav.

W Protection Assistance (flood insurance public education cam-
paign) to encourage residents to buy flood insurance

B Development of a preparedness plan to define operational pro-
cedures in future floods

® Upgrade critical facilities to increase flood resistance of local
bridges, roads, interceptor sanitary sewer systems, and parks.
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in Amold. Missours, ihe
total amount of Federal
qrsaster assistance
granted affer the 1993
floods was over 82
mitlion doliars. After the
floods of 1995, the fourth
largest food m Aroid’s
Aistory, the gamage was
fess then §40 000 as a
resuit of non-structiial
mitigation—ihe
acquisition of fiood-prone
or Hood-gdamaged
propertes.

M Establish floodplain regulations to guide development that is
consistent with floodplain management objectives. including a
requirement that the lowest floor efevation to be at least 2 feet
above the 100-year flood level.

m Development of a watershed management plan for two creeks
and those parts of the Meramec watershed within the county.®

The 1993 floods had a devastating affect on Arneld. Approximately
250 structures were affected by the high waters and 528 households
applied for Federal disaster assistance, which amounted to over 2
million. Local authorities established over 60 sandbag sights to try to
hold back nising waters. The city’s acquisition program totaled $7.3
million; the city's floodplain management program, as an illustration
of their commitment to mitigation, was a key factor in obtaining Fed-
eral assistance.

Although not as severe as the 1993 floods, the 1995 flood was the
furth largest in the City of Arold’s history. The damage was much
less severe because, as the Arnold City Manager indicated, “Most of
the areas affected had been bought out, so the people weren't

there " Only three or four sandbag sites were needed in 1995, and
only 26 households applied for Federal disaster assistance. The total
amount of Federal disaster assistance granted after the 1993 floods
was over $2 million. After the 1995 floods, assistance was less than
540,000.

in addition to illustrating the value of acquisition, the Arnold, Mis-
souri case highlights the value of planning as a mitigation tool. The
recognition of the problem and its extent, and development of plans
to solve the problem, prepared the city to respond to the 1993 fioods
with a long-term solution for mitigating against future flood damages.
The city created land use plans which included changes to lessen the
impacts of future disasters, and they developed organizational plans
to implement the land use strategies. Capital improvement plans to
obtain the funds needed to accomplish the city's goals were also de-
veloped. When combined with the outside assistance these plans
facilitated, the city was able to go a long way towards reaching a
long-term solution to sustaining flood damages. The experience of
1995 documented these accomplishments,

The mitigation projects in the Midwest ranged in size and complexity
from one to two home elevations to Valmeyer, lllinois which relo-

- Amenican Planring Associanon, lor FEMA The 1993 Midwest Fisods The Case of Arrcle Missoun (Crait
Yersion) © (Washomor DC 1997)
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cated a significant portion of the town to a new location, to
Wakenda, Missouri which acquired and demolished all the town’s
structures, and disincorporated. What ail these projects hold in com-
mon is that they reflected the communities’ visions of themselves.
Communities must be aware of their risks and plan accordingly,
weighing mitigation alternatives with community needs.

¥ Treg.mormaior orthis czse study ¢ based or 'The Econgrcs of Retiohilieg Caliormia s Unrermfarcad
Masorsy Buindirg Siack o dagid O Cacrrzne, FEMA Jaruary 1987
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