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INTRODUCTION

History has shown that, after a damaging earthquake, economic, psychological and
political pressures foster rebuilding as rapidly as possible. The prevailing attitude
after an earthquake is a desire to help those who have suffered injuries, disruption
of their lives and property damage. Given this attitude, actions to reduce future risk
may be seen as interfering with rapid recovery. The overriding concern is with im-
mediate needs, not with future disasters. Yet attention to hazards in planning and
carrying out reconstruction can significantly reduce risk without unreasonable delay

or hardship.

Improved safety in reconstruction after earthquakes has come primarily from rebuilding
and repairing structures to better withstand shaking from future earthquakes. The
increase in safety from improved structural characteristics can be very signiﬁcant.
However, little attention has been given to avoiding or restricting de‘velopment or re-
construction in areas revealed by the earthquake as hazardous. An underlying concept
of this project is that well-planned land use changes following an earthquake can effect-
ively reduce risk from future earthquakes. The question is how to achieve these changes.
An interdisciplinary research team was formed to investigate the problems and poten-
tials of post-earthquake land use planning. The team includes members from the firms
of Earth Sciences Asgociates, a geotechnical firm, H.J. Degenkolb and Associates,
structural engineers, and William Spangle and Associates, Inc., city and regional plan-
ners. In addition, special consultants in public administration and law were retained.
The team met frequently during the two-year project to shape the evolving content of

the study. It was an exciting undertaking with a constantly unfolding story--many ori-
ginal assumptions proved unfounded, each case yielded its surprises, and in the give and

take among the team members new perspectives on the problems and solutions emerged.

Perhaps the most notable lesson from the study is that ordinary land use planning and
regulation are not very effective in shaping the course of reconstruction unless there
is unusual political agreement on their use. What is effective, is the massive infusion
of federal funds following major natural disasters. The success of a reconstruction

program in reducing risk appears to require a unique blend of federal, state and local






organization and timing in handling reconstruction after a large-scale disaster in a

major metropolitan area.

METHODOLOGY

Three case studies were undertaken to identify the factors influencing post-earthquake
land use planning: the 1971 San Fernando earthquake, the 1964 Alaska earthquake and
the 1969 Santa Rosa earthquake. For each case, the project team reviewed available
background material related to the earthquake, geologic and structural effects, and
reconstruction efforts. Key people involved with the reconstruction were then inter-
viewed to learn further what actions were taken and, to the extent possible, the fac-

tors that influenced the decisions made.

Each case study was handled somewhat differently. Each succeeding study build on
the lessons learned from the prior studies. Each earthquake evaluated was different
with distinctive seismic and geologic effects, structural damage and damage patterns.
The affected areas also differed in the extent of urbanization, degree of isolation, re-

sources to cope with recovery, and socio-economic characteristics.

Each case study report describes the geologic and seismic effects of the earthquake,
the extent and nature of damage, the probability for future damaging earthquakes, the
actions taken in reconstruction and the reasons for the actions. Finally, each report

contains conclusions drawn from that particular case study.

Reconstruction experience following selected other domestic and foreign earthquakes
and natural disasters was reviewed and summarized., This part of the study involved
reviewing published accounts and other records of reconstruction following the tor-
nadoes in Xenia, Ohio in 1974 and Omaha, Nebraska in 1975; the flood in Rapid City,
South Dakota in 1972; the tsunami in Hilo, Hawaii in 1960; and the earthquakes in Man-
agua, Nicaragua in 1972 and Skopje, Yugoslavia in 1963. The information was used to
confirm or to raise questions about conclusions from the detailed case studies and to
explore possible similarities between reconstruction problems after earthquakes and

other disasters.






SUMMARIES OF INVESTIGATIONS

The research effort centered on case studies of the experience following three recent
U.S. earthquakes--San Fernando, 1971, Alaska, 1964, and Santa Rosa, 1969. Each
case study was based on a review of published reports and public records and on in-
terviews with people who played key roles in reconstruction after the earthquakes.
Information from these case studies was supplemented by information from a review
of the experiences following other natural disasters including a landslide in Laguna
Beach, California in 1978, the 1972 flood in Rapid City, South Dakota; tornadoes in
Xenia, Ohio in 1974 and Omaha, Nebraska in 1975; the 1960 tsunami in Hilo, Hawaii
and the major earthquakes in Managua, Nicaragua in 1972 and Skopje, Yugoslavia in

1963. The reports of these studies are summarized in the following sections.

SAN FERNANDO CASE STUDY

Shortly before dawn on February 9, 1971 an earthquake struck the San Fernando Valley
in Los Angeles County, California. Registering 6.4 on the Richter scale, this moderate
earthquake resulted in 64 deaths and $1/2 billion (1971 dé)llars) in property damage
throughout the affected area of Southern California. Eighteen schools, four hospitals,
465 single-family homes, 62 apartment houses, and 372 commercial structures were
posted as unsafe for occupancy. Highway bridges and utility lines were extensively dam-
aged and the Lower San Fernando Dam nearly collapsed necessitating the emergency
evacuation of 80,000 people from the downstream area. Federal aid including Small
Business Administration loans, temporary housing, unemployment benefits as well as

funds for reconstruction of public facilities totaled over $540 million,

For purposes of this study, an area centering on the City of San Fernando and encom-
passing the most severely damaged structures was selected (Figure 1). Within this area,
damage patterns were related to a variety of geologic and structural factors. Old masonry
buildings, particularly in downtown San Fernando, suffered extensive damage. Buildings,
roads and utility lines in the area where the San Fernando fault ruptured were damaged.
The San Fernando Valley Juvenile Hall, Olive View Hospital, Veterans Administration
Hospital and other buildings, located in a zone along the base of the foothills on the

north side of the valley where ground shaking was especially intense, collapsed or were









severely damaged masonry buildings in downtown San Fernando were replaced with
buildings of more recent design and construction. The city had started a redevelop-
ment project for a two and one-half block area of downtown in 1966, At the time of
the earthquake, street work and landscaping had been completed. The availability of
SBA loans after the earthquake spurred the redevelopment of private property in

the areé.

Relocation of the San Fernando Valley Juvenile Hall and Olive View Hospital complex
was considered but rejected after intensive geologic and engineering studies indicated
that proper site preparation and foundation and building design could provide for reason-
ably safe reconstruction on the original sites. Juvenile Hall was rebuilt on its old site
and a new Olive View Hospital building is now (1978) under construction on its original
site. Under provisions of the Disaster Relief Act of 1970, the federal government was
authorized to pay for the repairing, restoring, reconstructing, or replacing of public
facilities, but was not authorized to pay for acquiring new sites for relocation. This

provided a strong incentive for rebuilding on the original sites.

Findings
From the San Fernando case study the study team drew the following conclusions:

1) Realistic options for land use change in post-earthquake reconstruction are
limited by both the extent of damage and damage patterns. In this moderate earthquake
in a metropolitan area, démage was scattered and, in most cases, related to building
rather than site characteristics. The high public and private investments in the urban
infrastructure and the established land use pattern preclude major changes unless an
area is virtually destroyed and demonstrably unsafe for its pre-earthquake uses.

2) Federal funds are an essential element in reconstruction after an earthquake.
Few property owners have earthquake insurance and local governments, faced with
loss of revenue, are unlikely to be able to fund reconstruction of public facilities with-
out outside assistance. Decisions to reconstruct or relocate structures are made on
the basis of the availability of federal funds.

3) In the crisis atmosphere that prevails in the immediate aftermath of a dam-

aging earthquake, important decisions might be made too quickly without adequate con-






after the earthquake, President Johnson appointed the Federal Reconstruction and
Development Planning Commission, chaired by Senator Clinton P. Anderson, to coor-
dinate the rebuilding effort and plan for the long term reconstruction and economic
development of the state. Nine task forces were established to assist the Commission
in its mission. The most important of these from a land use planning standpoint was

the Scientific and Engineering Task Force, also called Task Force 9. Composed of
structural engineers, engineering geologists and seismologists from the U.S. Geological
Survey, U.S. Army Corps of Engineers and U. S, Coast and Geodetic Survey, Task Force
9 was established to advise the Commission where federal funds should be spent for
stabilization, repair and complete reconstruction or relocation of facilities. The

Task Force organized a field team to direct the geologic and engineering studies, re-
commend areas suitable for reconstruction and establish interim zoning design criteria

to guide construction.

The efforts of the Task Force resulted in a series of maps for several Alaska communi-
ties showing areas of unstable ground in which .federal funds were not to be used for
reconstruction unless stabilization was achieved. These maps and the recommendations
of the Task Force regarding construction standards, possible stabilization measures and
further studies were adopted by the Federal Reconstruction Commission and guided the

allocation of federal funds for reconstruction.

Our study focused on the reconstruction experience in three areas of Anchorage, Alaska's
largest city and heart of its economy; Seward, a small port and southern terminus of
the Alaska Railroad, and Valdez, a fishing and shipping port at the time of the earth-

quake and now terminus of the Alaska pipeline (Figure 2).

Anchorage
A large portion of the damage in Anchorage was caused by seismically-triggered land-

slides. The biggest and most damaging landslides were the Fourth Avenue, L Street
and Turnagain slides--all along the bluff of Knik Arm (Figure 3).

The Fourth Avenue slide occurred in a commercial area near the heart of downtown

Anchorage. The slide consisted of a 36 acre block of ground which moved horizontally
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about 17 feet toward the Arm leaving a graben (a depressed swath of land) up to 11
feet deep, 100 feet wide and 1, 800 feet long along Fourth Avenue. Buildings along
the north side of Fourth Avenue collapsed into this graben.

The Scientific and Engineering Task Force (Task Force 9) designated the slide area

as unstable and recommended construction of an earthen buttress to achieve stabili-
lization. Specific limitations on the depth of excavations and fills and the weight and
height of buildings to be permitted on the stabilized slide were also recommended. Con-
struction of the buttress was carried out as part of a federally-financed urban renewal
project and completed in 1967. Private property needed for constructing the buttress
was acquired and after the buttress was complete,parcels were sold for development of
two shopping malls, a hotel and related development at thé top of the buttress. The
recommended grading and building restrictions are incorporated into the urban renewal
plan and have generally been followed. The urban renewal project was completed in

August 1978 at a total federal cost of about $9 million.

The L Street slide to the west of downtown occurred in an area of mixed residential and
small office uses. It was a block slide involving 72 acres (30 city blocks) which moved,
quite intact, 14 feet toward the bluff leaving a graben up to 250 feet wide and 7 to 10 feet
deep. Buildings on the block were largely undamaged but those at the edges of the block

were destroyed.

The Scientific and Engineering Task Force designated the slide and adjacent areas as
unstable and recommended further engineering and economic studies of stabilization
measures. It further recommended that, even if the area were stabilized, construc-

tion should be limited to light occupancy structures no more than two stories high. Plans,
drawn up soon after the earthquake, to include the L Street area in an urban renewal pro-
ject along with the Fourth Avenue area were not adopted by the Anchorage City Council.
No additional studies were undertaken and no restrictions on rebuilding enacted. In

fact, about a year after the earthquake, the Anchorage City Council rezoned the area

to higher density residential and office use. New construction in or next to the area
began soon after the earthquake, starting with the high-rise Captain Cook Hotel. Of-

fices, apartment buildings, and even government buildings, many of them high-rise,
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was under construction on the slide itself. No erosion control measures had been
taken and as much as 400-500 feet of the toe of the slide had eroded away exposing
previously buried debris from houses destroyed in 1964, The Anchorage Municipal
Assembly (formerly the City Council) was wrestling with the question of whether to
permit development on the slide. In April 197é, the Assembly passed an ordinance
permitting development on the slide providing property owners are willing to pay for

extension of roads and utility services into the area.

Seward

At the time of the earthquake, Seward was a small city of about 2300 people with a sea-
sonal and declining economy based on shipping, fishing and tourism. Its importance as
a port depended on links to the interior provided by the Anchorage-Seward Highway and
the Fairbanks-Seward Alaska Railroad line, both of which were severed in the earth-
quake. The Seward waterfront was virtually destroyed by massive landsliding followed
by a series of slide-induced waves and tsunamis. Thirteen people were killed, five

injured and damage to public and private facilities surpassed $22 million (in 1964 dollars).

Much of the damaged waterfront was designated unstable by the Scientific and Engineering
Task Force and stabilization was deemed infeasible. An urban renewal plan encompas-
sing the entire city was prepared but later revised to include only the waterfront area in
order to bring the cost of the project into line with funding authorized by Congress for
post-earthquake urban renewal projects in Alaska. The revised plan called for reloca-
tion of the city dock, railroad dock and small boat harbor and use of much of the unstable

waterfront for parks and recreation.

The Federal Housing Administration (FHA), in accord with the Federal Reconstruction
Commission recommendations, did not insure loans for construction in the high-risk
area and, because of declining economic opportunity and population, there was little
incentive for local financial institutions to fund development in the area. As of 1978,
the dock and harbor facilities had been relocated and the waterfront was largely free .
of structures. The city was hoping to get U.S. Coastal Energy Impact funds to develop

recreational facilities along the waterfront.
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Valdez

Valdez is Alaska's northernmost ice-free port and southern terminus of the Richard-
son Highway linking the city to Fairbanks and Alaska's vast interior. At the time of
the earthquake‘, about 1,000 people lived in Valdez and were supported primarily by
shipping and commercial and sport fishing. During the earthquake a large submarine
slide and slide-induced waves destroyed Valdez' port facilities and much of its com-

mercial area. Damage to port facilities alone exceeded $3. 5 million (in 1964 dollars).

Almost immediately after the earthquake, geologists recognized that Valdez occupied

a particularly hazardous site, subject to further sliding, ground cracking, wave damage
and flooding. The Federal Reconstruction Commission, after considering abandonment
of the city altogether, finally decided to relocate the city to a safer site about four miles
away. In the process, the local people were offered the choice of relocating with most
of the cost borne. by the federal government or rebuilding at the old site at their own ex-
pense. The relocation of Valdez was essentially completed in late 1967 under two sep-
arate urban renewal projects -- one to acquire land and clear the old site at a federal
cost of about $2.9 million; the other for public improvements at the new site at a fed-

eral cost of about $1. 8 million.

In 1978, little evidence of the former city remained at the old site. The city's sewage
treatment facility was there and part of the site was leased to Alyeska (the pipeline
corporation) as a staging area for truck and ship transport. The long term use of the
area appeared uncertain. The new city was expanding beyond its original boundaries,
having grown dramatically during the boom years of the pipeline contruction. Fiscally,
the city was in unusually good shape with tax revenues from the pipeline terminal fac-
ilities, but with the completion of construction activities on the pipeline the private
economy was depressed. The city was actively seeking development to bolster and

stabilize the local private economy.
Findings

1) The experience following the 1964 Alaska earthquake strongly reinforces the

conclusion from the San Fernando case study that federal funds dominate post-earth-
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reducing seismic risk appears to have fairly low priority--certainly lower than
quickly restoring the normal function of the community.

9) Major land use changes, such as the relocation of Valdez, are unlikely to
occur without a strong federal hand--stronger than local governments normally con-

sider acceptable.

SANTA ROSA CASE STUDY

Santa Rosa is located about fifty miles north of San Francisco in a valley underlain

by deep alluvium (Figure 4). In the evening of October 1, 1969, this city of about

50, 000 people was hit within two hours by two earthquakes (magnitudes 5.6 and 5.7 on
the Richter scale). Almost all the $6 million (in 1969 dollars)or so in resulting
property damage was caused by intense ground shaking. Many buildings, including
numerous old, unreinforced masonry buildings in downtown Santa Rosa, were damaged.
However, none collapsed. The city was not declared a major disaster area, but, under
a federal declaration of emergency, Small Business Administration low-interest loans
were available to property owners for repairs. Because damage to most structures
was relatively light and because some property owners felt the application procedures

were too cumbersome, few owners applied for this assistance.

The major hazard revealed by the earthquakes was that of old buildings, inadequately
constructed to withstand the strong ground shaking that can be expected in the area.
To address this hazard, the city used two approaches--redevelopment and require-

ments to abate existing structural hazards.

In 1961, Santa Rosa embarked on a redevelopment project covering part of the down-
town area. Just prior to the earthquake, the city had adopted a central business dis-
trict plan which covered an area adjacent to the redevelopment area. After the earth-
quake, this area, with a high percentage of damaged buildings was added to the ori-
ginal redevelopment area. With a federal contribution of about $5 million, proper-
ties were acquired and cleared for development of a major regional shopping center
integrated with the rest of downtown. Construction of the shopping center began in

late 1978 after the project survived a number of legal challenges.
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Requirements to abate structural hazards evolved over the two years following the
earthquakes. In October 1971, the city council adopted Resolution 9820 requiring a
preliminary structural inspection, at city expense, of all buildings in the city construc-
ted before 1958 except public schools (which are governed by state . requirements), one-
and two-family dwellings, buildings with unreinforced masonry walls, and wood buildings
located in Fire Zone 1. A priority system for review was set forth emphasizing
high-occupancy structures and facilities needed for emergency response. Buildings
were to be inspected for conformance with the 1955 Uniform Building Code. The 1955
Code, rather than the current code, was chosen to limit the economic burden on pro-
perty owners and to encourage rehabilitation rather than demolition of old buildings,
some of which had historical value., The owner of a building found to be substandard
was required to engage a structural engineer to design and oversee structural modi-

fications to meet the required standards.

In 1978, Resolution 9820 was slightly revised and added to the City Code as part of the
building regulations. Since 1971, 200-250 buildings have been reviewed and many have
been rehabilitated or replaced. The process, still on-going, is a lengthy one requiring
tenacity, patience and flexibility on the part of the city staff to maintain political sup-

port for the program and encourage voluntary compliance of property owners.

Findings

1) The Santa Rosa experience illustrates that a moderately damaging earthquake
can spur redevelopment of areas already in need of redeveloping and confirms the value
of redevelopment as a method of improving seismic safety in conjunction with meeting
other community objectives.

2) The Santa Rosa study points up the importance of experienced and dedicated
staff and a sound on-going planning program.

3) Abatement of structural hazards in undamaged or slightly damaged buildings
is possible, but it is along-term, slow process requiring dedication, flexibility and

professional expertise.
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OTHER DISASTERS

Laguna Beach Landslide of 1978

On October 2, 1978, a 3.5 acre landslide occurred in a fully developed residential
area of Bluebird Canyon in the City of Laguna Beach, California. Twenty-

two houses, major portions of three roadways and all utilities within the landslide
area were destroyed or damaged beyond repair, resulting in approximately $15 mil-
lion in damages. Fortunately, no deaths and only minor injuries resulted from the
early morning slide. In addition to the houses on the slide, some twenty houses next
to the slide were evacuated, and remained unoccupied as of July 1979, because of
the threat of renewed earth movement, nonexistent or unsafe access, or disrupted
utility services. Furthermore, two additional houses were destroyed in a failure of

the headscarp on April 23, 1979.

The Bluebird Canyon landslide is a reactivated portion of a larger, 5 acre, prehistoric
landslide. Geologists retained by the City concluded the October movement was trig-
gered by runoff from the heavy rains of February 1978 which infiltrated the slide mass

and caused a creek to erode the toe of the ancient landslide.

Immediately after the slide, the area was cordoned off by Laguna Beach policemen to
prevent injury and looting. The Mayor of Laguna Beach declared a disaster and re-
quested aid from Orange County. The Governor of California also declared a dis-
aster making state assistance available to Laguna Beach. On October 9, at the Gov-
ernor's request, the President declared Laguna Beach a major disaster area making
federal disaster assistance available. The declaration and subsequent federal-state
agreement limited the federal assistance to emergency work needed to protect public
property from further damage from sliding. Assistance to the landslide victims con-
sisted of temporary housing assistance and low-interest Small Business Administration

loans of up to $55, 000 to rebuild destroyed homes.

Almost immediately after the landslide, the city hired an engineering geology firm to
determine the cause of the landslide, chances for further movement and possible sta-

bilization measures. Repeated movement of the slide in the days following the initial
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slide made it apparent that immediate stabilization actions were needed to prevent
the loss of additional homes and public improvements. The engineering geologists
recommended that a drainage pipe be installed in the canyon at the bottom of the
landslide to handle runoff from the expected winter rains, and that the destroyed
houses be removed and the slide mass graded to control runoff and erosion. These

emergency measures were complete in December 1978.

The engineering geologists evaluated several alternative methods of achieving ""emer-
gency'' stabilization of the slide, that is, stabilization sufficient to prevent further
damage to public facilities next to the slide. The most effective and least expensive
alternative was the construction of two earth buttresses--one at the top and one at
the bottom of the slide. At the top, a '"'shear key" buttress would prevent further
failure of the slide's headscarp. At the bottom, a gravity buttress would prevent
further movement of the slide mass and prevent damage to the drainage pipe and

the access road to the area. The cost of the two buttresses was estimated at

$650, 000. After the design was completed, the project was calculated to provide a
safety factor of 1.2, meaning that the forces holding the slide in place would exceed
the force of gravity by 20%. According to the geologists, additional grading and sta-
bilization work would be needed to achieve a safety factor of 1. 5--the normal design

factor for stabilizing an area for development.

The recommendation for buttressing the slide initiated discussion between officials of
the Federal Disaster Assistance Administration (FDAA) and the City of Laguna Beach
over whether the proposed buttresses constituted emergency work or work which would
lead to permanent reconstruction in the area. Under terms of the disaster declara-
tion, FDAA could fund only emergency work. On this basis, the agency questidned

the emergency nature of the gravity buttress and refused to fund additional work that
would provide a safety factor of 1.5, Finally, in February 1979, FDAA agreed to

fund construction of both buttresses at the 1.2 safety factor levels and, as of July 1979,

the work had been completed.
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The question of future use of the slide area was not specifically considered in the
debate over the buttressing project. The majority of victims expressed a strong

~ desire to rebuild homes on the site and city officials appeared to act on the assump-
tion that homes would be rebuilt in the area. The City and the property owners

have implicitly decided that the safety factor of 1.2 is an acceptable risk. The major
question was how to pay for the construction of roads and installation of utilities

necessary for the reconstruction of the houses.

In June 1979, an agreement was reached between the California Office of Emergency
Services and the City of Laguna Beach to share the cost of constructing public im-
provements on the slide, estimated at $300, 000, on approximately a 50-50 basis.

At the present time (July 1979), rough grading has been completed for reconstruc-
tion of the roads, public improvements are scheduled for completion in October 1979
and the city will accept applications from property owners for building permits to
reconstruct homes on the landslide site. Lot lines and road rights of way will have
exactly the same configuration as before the disaster. However, the geometry of the

hillside is somewhat different as a result of the stabilization work.

Findings

1) Disagreement between FDAA and the city over whether the proposed buttressing
project was emergency or permanent work appears to have been the major issue in
the aftermath of the slide. Federal funds were eventually authorized for the project.
The federal concern was limited to protecting public facilities next to the slide from
damage from additional sliding. Federal officials did not address the question of
future land use on the slide itself or possible risk of rebuilding on the slide.

2) Hazard evaluation was not a problem. Geologists quickly determined the
cause of the slide, evaluated the potential for additional land failure and recommended
measures to prevent further failures.

3) Those who lost their homes in the slide became a cohesive, and politically
effective, group supporting Federal, state and local actions that would permit re-
building of homes on the site. The desire of the victims to rebuild and community

sympathy for their plight appear to be factors in limiting consideration by local gov-
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ernment of land use changes or restrictions on rebuilding.
4) The timing of both emergency and reconstructive actions depended on fed-
eral decisions. No Federal representative was assigned to the local area and local

officials had difficulty reaching federal officials with the authority to make decisions.

Rapid City Flood of 1972

On the evening of June 9 and the morning of June 10, 1972, torrential rains in wes-
tern South Dakota resulted in a flash flood causing extensive damage in Rapid City,
South Dakota. The number of dead and missing totaled 238, and 1, 6000 buildings were
severely damaged or destroyed, including the homes of some 3,000 families. Es-

timated property damage amounted to $80 million (1972 dollars).

Rapid City is located along Rapid Creek in southwestern South Dakota west of the
Black Hills. At the time of the flood in 1972, Rapid City had a population of about
44,000 increasing from about 25,000 in 1950. Growth pressure following World War II
led to urban development in the city's flood plain which before had been largely unoc-

cupied,

The devastating 1972 flood was the last and most damaging of a series of floods oc-
curing over several decades. The long history of flooding was paralleled by a his-
tory of flood protection investigations dating from the 1930's. These investigations
were directed primarily towards structural solutions and resulted in two dams being
built, which although inadequate to provide full protection, tended to encourage con-

tinued development of lands in the flood plain at Rapid City.

Investigation of nonstructural solutions to the flood problem began in the early 1960's
when the city attempted to regulate against further flood plain encroachment. The ef-
fort failed because of local opposition. Most local interests favored structural solu-
tions which would allow further development of the flood plain. Also, there was no

specific state authorization for flood plain zoning.

In 1968, the city began an open space program to increase recreational land uses along

Rapid Creek and decrease uses with high risk exposure. In 1971, the city entered the
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federal flood insurance program after promising to enact suitable flood plain re-
gulations as required by the program's rules. Action on the regulations was pending
at the time of the flood.

On the eve of the disaster in 1972, structural flood protection measures proved to
be completely inadequate to cope with the flood which exceeded the 100-year level.
This inadequacy was demonstrated again one week later when a second flood occurred

in the same area of Rapid City killing two people.

Following the disaster, new development within the flood plain was temporarily pro-
hibited by the city and permits for repair of damaged buildings in the flood plain were
temporarily withheld. Emergency response activities ended after about three weeks
with the completion of debris removal and the final accounting for dead and missing
persons. Most displaced families were relocated to temporary housing after about
five months--mainly in trailers provided by the Department of Housing and Urban De-

velopment.

The city decided that the safety of future generations requirgd major land use changes
in the flood plain, Within seven weeks of the disaster, action began with the decision
to acquire the entire flood plain through a Federally-funded urban renewal project.
This project required the acquisition and removal of all remaining buildings, both
damaged and undamaged, most of which were residential units., By October 1976,
95% of the area had been cleared of buildings, 50% of it developed for recreational

use, and the final phase of redevelopment was in process.

Community attitudes and outside assistance were critical factors which affected post-
disaster planning and decisions. A post-flood sample survey revealed, for instance,
that seventy percent of the families from the flooded area did not wish to return to the

area even if permitted to do so.

Funds for reconstruction were primarily from federal sources totalling over $150 mil-
lion in loans and grants. The U.S. Department of Housing and Urban Development con-

tributed funds for the floodway acquisition, provided housing grants, and supplied rent-
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free mobile homes to flood victims; the Small Business Administration provided
low-interest loans to flood victims; and the U.S. Bureau of Outdoor Recreation
assisted in the development of the multi-million dollar recreational facilities with- |
in the flood plain, Twenty-seven houses and two businesses were insured against
flooding by the Federal Insurance Administration, half of these sustained damage

significant enough to warrant a claim.

Findings

1) In the absence of adequate upstream protection works, the failure of the city
to enact flood plain regulations permitted flood risk to rise in Rapid City during the
post-war period as development increased within the city's flood plain.

2) Following the flood of 1972, a number of factors influenced the city's deci-
sion to change land use policies for the flood plain. The availability of substantial
financial assistance from the Federal government was of paramount importance. With-
out such assistance, it is unlikely that acquisition of the floodway and its conversion
to recreational uses would have taken place because of the very high costs involved.
Other factors likely influencing the city's decision to alter land use patterns with-
in the floodway included:

a. The history of frequent flooding.

b. The attitude of flood victims who did not wish to reoccupy the flood plain

c. The relatively small portion of commercial and industrial property damaged.

More extensive commercial-industrial development would have been difficult
to remove from the flood plain because of high costs and probable negative

effects on the local economy.

Xenia Tornado of 1974

On April 3, 1974, a devastating tornado struck the town of Xenia, Ohio., One-third
of the town was either destroyed or damaged by the tornado which cut a swath of
destruction three-quarters of a mile wide and four miles long through the city.
Thirty-four people were killed, 500 were injured, 1, 300 buildings were destroyed
and several thousand more damaged. Estimated property damage was $100 million
(1974 dollars).

26






























































































































	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i001.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i002.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i003.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i004.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i005.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i006.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i007.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i008.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i009.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i010.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i011.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i012.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i013.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i014.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i015.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i016.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i017.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i018.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i019.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i020.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i021.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i022.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i023.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i024.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i025.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i026.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i027.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i028.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i029.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i030.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i031.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i032.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i033.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i034.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i035.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i036.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i037.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i038.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i039.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i040.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i041.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i042.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i043.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i044.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i045.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i046.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i047.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i048.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i049.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i050.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i051.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i052.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i053.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i054.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i055.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i056.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i057.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i058.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i059.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i060.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i061.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i062.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i063.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i064.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i065.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i066.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i067.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i068.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i069.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i070.jpg‎
	‎C:\Users\Public\Documents\digital-collections\ink\rs021-007-241b004f035i071.jpg‎

