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Introduction

Background

Charleston, South Carolina, suffered a major destructive
earthquake on August 31, 1886, which was felt throughout the
Southeast. The earthquake, one of the largest historic earth-
quakes in eastern North America, resulted in about 60 deaths and
extensive damage to the city of Charleston. More than 400 after-
shocks occurred in the region within the next 30 years. (See Ap-
pendix 2 for an isoseismal map of the reported intensities of the
1886 earthquake, and a seismicity map of the state of South Caro-
lina.) During the past decade scientists have attempted to under-
stand the causes of that earthquake and of seismic activity in the
southeastern United States.

Purpose

The U.S. Geological Survey (USGS) is interested in understand-
ing information needs and dissemination channels so that more of
the scientific information which is being collected can be tai-
lored to users in the community. A major assumption of this study
is that if the channels by which local officials and private sec-
tor representatives receive information concerning natural hazards
are identified, it may be possible to use these same information
channels to communicate earthquake information as 1t becomes
available. A second major assumption is that users of hazards in-
formation differ widely in their requirements for information and
their capacity to absorb information (Working Group on Earthquake
Hazards Reduction, 1978). Recently the USGS (a source of much of
the current scientific information on seismic activity and the
earthquake hazard in the Southeast) has made an effort to deter-
mine how public officials and representatives of the private sec-
tor receive information regarding natural hazards and what type of
information each user type finds most useful.

The purpose of this study is to identify how officials and
representatives of the private sector in Charleston learn about
hazards and how mitigation and response information gets incorpo-
rated in their job functions. This report documents why the offi-.
cials in the Charleston area think they might need hazards infor-
mation, what their job responsibilities are, and how they cur-
rently obtain information.

Procedures

This study identifies the public officials and selected repre-
sentatives of the private sector who would have responsibilities
for development of policy to mitigate the earthquake hazard or to
respond to an actual disaster. A complete list of people we in-



terviewed is contained in Appendix 1. According to a report pre-
pared by the National Science Foundation and the U.S. Department
of the Interior (USGS) (1976, p. 16), there are several areas
"where increased understanding provides - substantial additional
leverage for mitigation." We therefore interviewed people from
these major areas, including the following: preparedness (in-
cludes such people as the disaster preparedness officials, fire
chiefs, police chiefs, emergency medical services); land use (in-
cludes land use planners); building codes and standards (includes
building inspectors, architects, engineers); and insurance (in-
cludes insurance agents, bankers). An interview guide that iden-
tified the major topical areas to be discussed was used in each
interview.

Several scientists and academicians in Charleston and Columbia
were interviewed because of their knowledge concerning the earth-
quake history and hazard of the Charleston area. Scientists .at
the USGS Headquarters in Reston, Virginia, familiar with the
earthquake hazard in South Carolina, were also interviewed. The
primary focus, however, was on interviewing local officials and
representatives of the private sector in the Charleston area who
either were or who might be involved in earthquake hazard mitiga-
tion and response.

The emphasis was on public officials and representatives of
the private sector, rather than the public, because such officials
have responsibilities and the authority to adopt hazard-mitigating
policies. Also, the interviews provided an opportunity to commu-
nicate the increasing evidence that there are several major areas
within which effective mitigation measures can be developed.

Related Studies

Studies that argue for the effectiveness of mitigation mea-
sures include the many that have urged the importance of prepared-
ness for a major earthquake (National Governors' Association,
1979; Hays, 1979; Davenport and Waterstone, 1979; Scott, 1979;
Association of Bay Area Governments, 1976; Federal Emergency Man-
agement Agency, 1980). Studies have been done on the effective-
ness of land-use planning to mitigate the earthquake hazard (Nich-
ols and Buchanan-Banks, 1974; Blair and Spangle, 1979; Brabd
(ed.), 1979; Spangle and Associates et al, 1976; and Spangle and
Associates et al, 1980). In addition, studies have been done on
the incorporation of seismic safety into building codes and stan-
dards, particularly the reports by Kennett (1979) and the Applied
Technology Council (1978). For a study of building design recom-
mendations for natural hazards in the Eastern United States, in
particular, see the report by Loss (1981). Also, the issue of in-
surance has been examined, particularly by Kunreuther et al (1978)
and the Association of Bay Area Govermments (1977). In addition,
a recent study of California local officials identified three ac-
tivities that local governments can take to reduce seismic risks--
regulation of land use, enactment and enforcement of buidding
codes, and emergency response planning (Wyner, 1981, p. 9).



Although the studies just cited do not extensively explore
what local officials and private sector representatives currently
know about the earthquake hazard, and how they get information,
some of these issues have been addressed. Several years ago the
USGS funded a series of studies as part of a San Francisco Bay Re-
gion Environment and Resource Planning Study, which had as its
purpose '"to identify and provide basic and interpreted earth sci-
ence data needed in making land-use decisions for regional plan-
ning, to ‘provide comprehensive array of data at a regional scale,
and to test and evaluate the ways in which these data are most ef-
fectively used in the planning and decisionmaking processes"
(Kockelman, 1975, p. 4). 1In addition to numerous other documents,
reports were prepared that "interpreted" or "translated" technical
geologic information into words and formats that land-use planners
could more easily use. (For example, see Blair and Spangle, 1979;
Laird et al, 1979; and Borcherdt, 1975.) Evaluations of this
project were conducted by Kockelman (1975, 1976, 1979) and Arthur
D. Little (1975).

This San Francisco Bay Area project was one of a very few that
specifically attempted to link generators of earth sciences infor-
mation to users of such information. Bates (1979) discusses other
projects that attempt to link earth scientists and earth science
information users. One recent project was the USGS/Federal Emer-
gency Management Agency workshop, "Responding to a damaging earth-
quake in the eastern United States,'" in Knoxville, Tennessee,
which was attended by local officials, scientists, and Federal and
State officials (Hays, 1982).

Several efforts have been made to evaluate awareness of the
hazard and willingness to undertake mitigation actions on the part
of local officials. A study by the Seismic Safety Commission of
California (1979) examined attitudes of public officials toward
disaster preparedness in California. The study found that local
leaders have little confidence in their ability to respond to a
large catastrophe such as a major earthquake, and that they may be
unaware of some program deficiencies, such as rescues involving
heavy equipment. The study also found that local leaders gener-
ally had a fair understanding of the earthquake hazard in their
community. (Also see Olson and Scott, 1980.) Other work in prog-
ress is examining local officials' attitudes and levels of aware-
ness in other parts of the country, specifically the Northeast,
Missouri, and Washington State (Dermengian et al, 1981; Mushkatel
and Kilijanek, 1981; and Kilijanek and Mushkatel, 1981).
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The people we interviewed were selected because they have cur-
rent responsibilities to mitigate the earthquake hazard or they
have responsibilities for response functions if an earthquake were



to occur. Although we spoke with a majority of the department
heads in the City of Charleston, it would not be appropriate to
assume that our findings represent the view of all public offi-
cials and private sector leaders in the city and three-county
area. Rather, our respondents reflect a selective sample of per-
sons with hazards mitigation and response responsibilities.

The findings reported here are also shaped by several other
factors which need to be acknowledged. We did not interview any-
one 'on the line"--the policeman on the street, the building in-
spector, the fire fighter. Rather, we spoke to their bosses.
Thus, we cannot document that the information reported on and
available at the administrative level filters down throughout the
various departments to the person working '"on the street." Also,
we learned through our interviews that certain functions are not
per formed at the city or county level. In order to make a com-
plete assessment of information needs in the area one should speak
with several State and Federal officials including representatives
of the South Carolina Department of Highways and Public Transpor-
tation (responsible for designing and maintaining the bridges and
highways in the area), the South Carolina Emergency Services, the
Federal Emergency Management Agency, Region IV, and the engineer-
ing staff at the South Carolina Electric and Gas Company in Colum-
bia. ‘

Finally, we would like to note that we were interviewing in
Charleston during the time of tropical storm Dennis (August
1981). Many of the people we interviewed had their interest in
natural hazards heightened because of the storm. Some spent at
least one full day working out preparations for a storm or hurri-
cane landfall in the Charleston area; these are people who, under
normal circumstances, might spend only several hours per month
coping with natural hazards. For others, responding to tropical
storm Dennis was more routine. For us, it simplified our ques-
tioning since some respondents described their response to the
storm when explaining their hazards-related job duties.



Background History of the Charleston Area

Metropolitan Charleston, South Carolina, is located in the
coastal area called the '"low country.'" It includes the cities of
Charleston and North Charleston (68,800; 65,600 populations) and
the three adjacent counties, Charleston, Berkeley, and Dorches-
ter. This area of 6780.6 sq. km. (2,618 square miles) is called
the Trident Area and encompasses the Charleston Standard Metropol-
itan Statistical Area (SMSA). The area, which has a warm, humid
climate, is susceptible to hurricanes and tornadoes as well as
seismic activity, and in the past several years it has also been
hit by two severe ice storms.

The City of Charleston, founded and settled by English colo-
nists in 1670, grew from a small seaport to become the wealthy
economic, social, and political center of the low country region
during the mid-1700's. The city has fluctuated between prosperity
and decline, but today it is the legal, financial, medical, and
professional center of the region. The area's economy is based on
port facilities, govermment employment, tourism, and heavy indus-
try producing chemicals, metal components, construction materials,
heavy machinery and food products. Charleston Air Force Base,
Charleston Naval Base, and numerous State medical and port facili-
ties are located in the area. In 1980 the area's population was
430,000 and continues to expand.

The City of Charleston is centered on a peninsula bounded by
the Atlantic Ocean and the Ashley and Cooper Rivers. The city oc-
cupies 70.9 sq. km. (27.4 square miles) and has a policy of annex-
ing unincorporated areas of West Ashley and James Island. The
area of the city has more than doubled in the last few years as a
result of this policy. The Charleston area has only recently
adopted land-use regulations.

The City of Charleston has used land-use planning for 6 years,
although it has the oldest historic preservation ordinance in the
country. The mayor, who has been in office for 6 years, is sup-
portive of planning, but before his election the city administra-
tion was not interested. The city is revising its master plan
which was prepared 5 years ago and is now judged as too general.
The zoning ordinance has not been revised since 1966. It is dif-
ficult to apply the same ordinance to the older downtown area and
the area west of the Ashley River, and variances are required for
most projects. The city is also working with the National Trust
for Historic Preservation to revise the historic area ordinance.

Charleston County is growing and expects to continue to grow
for at least the next 10 years. The current population of the
county is approximately 277,000 with 25 percent of the population
in the downtown Charleston area. The greatest growth is occurring
east of the Cooper River and west of the Ashley River, and there
is tremendous growth in terms of increased property values on the
islands along the low country coast--Kiawah, Seabrook, Isle of
Palms, Folly Beach, and Sullivans Island. Charleston County has
had zoning since 1971, but no master plan.



Dorchester County is the fastest growing county in the State
with a 1980 population of 58,200. The Summerville area has expe-
rienced the most growth--from 18,700 in 1970 to 42,600 in 1980.
The county has had a planning commission since January of 1980.
Building permits are required by the county for tax purposes.
There 1is no building code enforcement within the county, and the
municipalities within the county have varying regulations on
building permits and code enforcement. The county has a year 2000
land-use plan, and since they have entered the flood insurance
program, they have been required to draft a new zoning ordinance
and require permits to build in the floodplain.

Berkeley County is also growing, from 56,200 in 1970 to 94,700
in 1980. The area that is growing most rapidly is the Goose Creek/
Hanahan area were the population increased from 30,400 to 58,100
from 1970 to 1980. Last year the county had the largest indus-
trial capital investment of any county in the State although most
of their land is tied up by major landowners and national forest,
and only a small percent currently is available for development.
Several chemical firms have located in the county, and an aluminum
reduction plant is now locating in the center of the county's
growth area. Berkeley County has an 8-month-old planning commis-
sion, a subdivision ordinance, and a new land-use plan, completed
in 1977.



Awareness of the Earthquake Hazard

All those with whom we spoke were familiar with the earthquake
hazard in South Carolina in some way. Almost everyone was aware
of the major earthquake in Charleston near the end of the 19th
century, although many did not know the year (1886). This 1886
earthquake is an integral part of Charleston's history--some of
its buildings, already damaged or burned in the destructive civil
war, were further damaged or collapsed in the earthquake (Dutton,
1890). The earthquake damage is mentioned during many tours of
the historic buildings and plantations of the Charleston area, and
pictures of earthquake-damaged buildings, bent railroad tracks,
etc., can be found in several local restaurants. The earthquake
of 1886 is a separate chapter or discussion in many of the local
historical books. On tours in historic Charleston, tourists are
shown earthquake rods--bolts that were placed in the buildings
after the 1886 earthquake to anchor the walls. Occasionally the
local museums have shows about the 1886 earthquake. It is inter-
esting to note, however, that few of the people with whom we spoke
took seriously the possibility of an occurrence of a future earth-
quake of the magnitude of the 1886 earthquake.

The people of Charleston are history conscious; they are proud
of the role their city has played in the founding and growth of
the United States The adversity and difficult times that the city
has survived are very much a part of its history and as such are
of interest to both residents and tourists. The earthquake of
1886 falls into this category.

In addition to the historical perspective, several recent
events have generated awareness of or curiosity about the current
earthquake hazard. The U.S.G.S., Virginia Polytechnic Institute,
and State University researchers came through the Charleston area
in 1981 with large trucks equipped for seismic testing. The pres-—
ence of these trucks generated curiosity, and various news media
have carried stories on what the trucks are doing. Several of the
people we interviewed had seen equipment from the trucks used to
vibrate the ground and knew that scientists were attempting to lo-
cate possible faults in the area; others wanted to know what they
did.

The news media also contribute to a general public awareness
by running occasional stories on the geologists and seismologists
conducting research in the area. The news media mention the 1886
Charleston earthquake when reporting about large earthquakes oc-
curring elsewhere in the world. On anniversaries of the 1886
earthquake, the newspapers feature articles about the event which
serve to remind residents and inform newcomers about the hazard.

The news media have also described the work of Professor Joyce
Bagwell of Baptist College at Charleston in identifying all trem-
ors in the area. Professor Bagwell, who operates the seismograph
at Baptist College, has become a resource for the news media when
reporting on local tremors and reported earthquakes. Almost
everyone we spoke with knew of Professor Bagwell; some had seen



her on television; some had heard her speak at professional or
civic meetings; and some had contacted her personally. When re-
porting on local tremors, the news media ask that people who feel
the tremors contact Baptist College. :

A number of unidentified large sonic booms causing shaking and
loud noises in the area have also contributed to a general public
awareness of the potential for earthquakes since earthquakes in
this area can be associated with such large noises. People, when
hearing these booms, have contacted Baptist College, the news me-
dia, or police, who in turn have contacted Baptist College. While
many of these booms have turned out not to be earthquakes, some
have been related to earthquakes and thus have served to maintain
a general public awareness of the earthquake potential.

A certain amount of misinformation concerning the earthquake
hazard in the area also is apparent. For example, many of the
people we spoke with felt that the fault or faults in the area
have been located. There seemed to be little awareness of the
current uncertainty in the scientific community concerning what
actually caused the earthquake of 1886 and where the causative and
active faults lie. Some people also felt that the earthquake po-
tential in the Charleston area is the same as the earthquake po-
tential in seismically active California.



Users of Hazards Information

The people interviewed for this study represent a wide range
of professions, responsibilities, and interests. Some, as dis-
cussed earlier, were aware of the earthquake hazard but did not
perceive that their jobs caused them to have any direct responsi-
bilities in an actual earthquake. Others dealt with disasters on
a day-to-day basis, and had more specific ideas of the kinds of
information regarding the earthquake hazard that would be useful
to them.

The following sections summarize the varied job responsibili-
ties of the people with whom we spoke. These types of differences
would dictate different information needs.

Individuals Who Deal with Emergencies Routinely

We interviewed several individuals who are administrators of
departments having responsibility for day-to-day response to emer—
gencies (such as the Police Department, Fire Department, Emergency
Medical Services) as well as several individuals who have primary
planning and coordination responsibilities in a major disaster
(for example, the county disaster preparedness officials, the di-
saster preparedness officer for the U.S. Navy, and the director of
security for the school district). These individuals differ from
individuals who administer departments less directly related to
public safety, such as transportation, or who are county and city
administrators, in terms of the specific response that would be
expected of them in an emergency and of their information needs.

The county disaster preparedness officials, for example, gen-
erally have responsibility for preparing a basic disaster plan for
the county. Thus, it is important that they have a good under-
standing of various types of emergencies and potential disasters
so that they can suggest a response from the appropriate agen-
cies. In some cases these officials are also responsible for the
preparation of educational materials for the public; this involves
preparing background information that explains the nature of the
hazard and appropriate responses to the public. For example, dur-
ing a disaster the Charleston County disaster preparedness offi-
cial operates the Emergency Operations Center out of his office
and receives calls from the public, local officials, and the media
requesting information. He also has responsibility to prepare an
evacuation plan for the county and prepares routes and instruc-
tions for the public which are camera-ready for the media if a di-
saster should appear imminent. The three county disaster pre-
paredness officials also indicated a responsibility to continu-
ously provide information to the public, either through pamphlets,
films, speakers, etc. The day before tropical storm Dennis passed
through the area, the disaster preparedness official for Berkeley
County, for example, was asked to speak on a local radio talk show
to explain how people could prepare for a hurricane.
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The county disaster preparedness officials also have primary
responsibility to contact the National Weather Service in the
event of an impending disaster for which the service can give a
forecast. Other county officials and administrators then rely on
their disaster preparedness official to keep them advised of the
situation and to provide them with information that they need in
order to make decisions, such as recommendations for evacuation or
the opening of shelters. Thus, the county disaster preparedness
officials serve as focal points for information and coordination
during a disaster. In Charleston County representatives of vari-
ous departments and the military are sent to the Emergency Opera-
tions Center during an emergency, thereby reinforcing the notion
that the county emergency preparedness office plays a central role
in a major disaster.

It should also be pointed out that there are many less compre-
hensive plans and procedures developed by individual agencies
which could significantly complicate coordination efforts. For
example, in the Charleston area, there is a county plan for each
of the three counties; a separate emergency plan for each school,
prepared by the principal; an overall school emergency procedures
planning guide; a storm manual for both gas and electricity serv-
ices prepared by South Carolina Electric and Gas Company; planning
procedures for the fire department; a police department emergency
plan; a Charleston City post-disaster clean-up plan; a Charleston
county post-disaster plan; an Emergency Medical Services disaster
plan; and an emergency plan for each of the military facilities in
the area. Not all these plans and procedures are referenced and
coordinated to each other.

Responding to emergencies is part of the day-to-day activities
for the police, fire, and emergency medical services departments.
In a large disaster, officials in these departments assume that
their duties would be approximately the same, just more intense.
For a natural disaster, the City of Charleston's Fire Department,
for example, has responsibility to make sure that all its genera-
tors are operating, that Fire Department vehicle batteries are
charged, and that key personnel stay close to home or are easily
reachable. A dispatcher would be assigned to the communications
center of the police department. The county emergency prepared-
ness official then has responsibility to contact the Fire Depart-
ment's dispatcher. The separate fire departments in the Charles-
ton area have mutual aid plans to exchange equipment and assist-
ance.

The Fire Chief was aware of some of the specifics of how a
serious earthquake might affect his operations. He realized that
they would not know which buildings would be destroyed, that
buildings could crumble, that gas and water mains might break, and
that streets could be ruined. They keep only one or two pieces of
equipment at each of their fire stations, which are scattered
throughout the Charleston area, and he felt that if they lost one
or two stations they could still survive. For the Fire Department
then, it is important they they understand how their response ca-
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pabilities could be affected by an earthquake or a range of earth-—
quakes from minor to serious and, given the probabilities of cer-
tain earthquake events, any extra precautions that need to be tak-
en at present. .

The Fire Department has six people who work full-time in the
Fire Prevention Bureau and speak to schools and civic groups about
fires and natural hazards, such as hurricanes and tornadoes.
Earthquakes are currently not discussed. The police department
also has .a public information program geared to the schools, but
natural disasters are not discussed in their program.

The police department would be the city's primary coordinating
agency during a disaster. They send a representative to the coun-
ty Emergency Operations Center and also coordinate with South Ca-
rolina Electric and Gas Company. The police department communica-
tions center has a direct link with the county's Emergency Medical
Services, Fire Department, Sanitation department and Housing Au-
thority. The city also sets up a command post or emergency oper-—
ating facility at City Hall, activated by the Mayor, and the po-
lice chief has primary coordination responsibilities within the
emergency operating facility. Other radio networks and communica-
tion ties, such as with the National Guard, County Police Depart-
ment, and Highway Patrol, might be brought in at that time. The
police chief currently relies on the county's disaster prepared-
ness official to inform him of an impending event, although at
times he might phone the local National Weather Service directly.
It is the responsibility of the police department to keep the
roads open, and they might use city trucks to assist in an evacua-
tion. The Police Department believes that it is the logical de-
partment for coordination because they feel they have the best
equipment. They also provide 24 hour service. Unlike most other
city departments, they can easily move into 12 hour shifts as part
of their regular emergency plan. In large emergencies, the focus
of the department is not on natural hazards but rather on civil
disturbances. .

Given the response duties assigned this department, it would
be important for them to understand clearly how earthquakes of
varying sizes and impacts could affect their response capabilities.

The Charleston County Emergency Medical Services representa-
tive would have primary responsibility for the transportation of
injured citizens in a major disaster. They depend on the disaster
preparedness office to give them warning that a disaster 1is im-
pending. They would also call on informal mutual aid agreements
with other Emergency Medical Services and fire departments within
a radius of 80-250 km. (50-150 mi.). In addition to transporta-
tion responsibilities, Emergency Medical Services personnel are
also involved in rescue and in coordinating the role that each
hospital will play and in deciding which patients each hospital
will take.

Coordination of rescue services could be a major problem in
the Charleston area, particularly after tornadoes and earth-
quakes. The ability of Emergency Medical Services personnel to
respond effectively could be seriously impaired, given that they
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currently operate on a small budget and already are short on
equipment. For example, there are only 15 ambulances in the
county although in an emergency these personnel might also be able
to use the National Guard. They might also have access to three
or four four-wheel drive vehicles. The Navy Medical Regional Hos-
pital would also be available to provide medical support. The
County Hospital is currently designated to provide medical control
in a disaster; personnel at County Hospital would then contact St.
Francis and the Veterans Administration Hospitals by telephone and
other area hospitals by radio to determine patient loads, etc.
Information on which hospitals, bridges, and roads are suscep-
tible, if any, to ground shaking would thus be useful to medical
services providers.

Problems that might arise in a major earthquake, such as look-
ing for people under rubble and performing mass search and rescue
operations, also might need special expertise and practice. Coor-
dination of the various groups that might provide search and res-
cue, such as the volunteer rescue squad, Emergency Medical Serv-
ices, the sheriffs' and police departments, needs to be consid-
ered. Training in the use of special equipment and rescue tech-
niques might also be required to better improve response capabili-
ties in an earthquake. The Emergency Medical Services representa-
tive with whom we spoke also pointed out that Emergency Medical
Services and rescue personnel in mining States might have more
experience, possibly transferable to the Charleston situation, in
the extraction of people from rubble.

In addition to the county disaster preparedness officials and
the Emergency Medical Services representative, there are several
quasi-public and private agencies that would be involved in first
response, particularly the Red Cross and the Salvation Army. The
Red Cross runs the public shelters that would be set up if an
evacuation were necessary. The chapter office is the primary re-
sponder to a disaster, and local personnel coordinate the opera-
tion of emergency shelters with the school district and local law
enforcement agencies. If a disaster is very large the Division
Office (130 chapters and 2 States) would send in volunteers and
coordinate resources, and the National Office might assume control
if the event continued to grow. In addition to the shelters, the
Red Cross operates emergency welfare services, which would also be
necessary in the event of a major earthquake. The Salvation Army
also provides food at some shelters, as well as providing food to
emergency personnel.

We also spoke with the Navy's disaster preparedness officer.
This is a civilian position within the staff of the Commander of
the Charleston Naval Base. While a primary responsibility of this
office is nuclear attack or sabotage, the disaster preparedness
officer estimated that in the hurricane season he spends 80 per-
cent of his time organizing response to natural disasters. The
Commander of the Naval Base depends largely on weather data issued
by Navy Weather Facilities located at Jackson, Florida, as well as
a Naval Oceanographic detachment assigned to the Commander Naval
Base, Charleston. They also have a teletype into the National
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Weather Service. Thus, in a disaster such as a hurricane or tor-
nado, the Navy has the capability to obtain necessary information
independent of the county and react as they determine is appropri-
ate. During tropical storm Dennis, for example, the Navy acti-
vated Hurricane Condition Two which meant that they sent their
ships out to sea, while on Base they secured all materials which
could become dangerous missiles during high wind conditionms.

The Navy also has responsibility for the education and train-
ing of its personnel, about response in nuclear and natural disas-—
ters. Instructions concerning shelters and where to go in a hur-
ricane or a tornado go out to everyone assigned to the Naval
Base. A total of 15,000 '"Disaster Preparedness Guide' pamphlets
have been distributed to Navy personnel and their families. The
pamphlet explains what to do in the event of a nuclear or natural
disaster. Earthquakes are specifically mentioned in the guide.

The Southern Division of the Naval Facilities Engineering Com-
mand also has requested, over the past several years, that a con-
sulting firm prepare an earthquake vulnerability analysis for the
land and certain buildings at the Naval Base. This study has
examined 54 buildings to date and has recommended further study
for selected critical buildings.

The Navy is capable, therefore, of responding independently to
a disaster, and although their disaster preparedness officer main-
tains communication with the county disaster preparedness officer,
he is not dependent on the county for his information. Thus,
background information about various hazards and appropriate re-
sponses would be useful, as well as details about what could hap-
pen at the Navy Base during an earthquake.

Administrators

People with administrative responsibilities for a department,
city, or county have information needs that are different from
those of people who are first-line responders. (In a few cases,
we spoke with people who are administrative heads of first-line
response agencies--e.g., the fire department, police, and Emer-
gency Medical Services--and their responsibilities were noted in
the preceding section.) All the administrators with whom we spoke
had general oversight responsibilities for the functioning of
their department (or county office). Emergency preparedness and
hazard awareness or mitigation were a very small part of their
overall responsibilities. If a disaster is or may be impending,
however, such as tropical storm Dennis, these administrators spend
almost all their time coordinating the disaster response.

The three county administrators with whom we spoke all men-
tioned that they rely on their disaster preparedness directors to
keep them informed and to act as liaisons with the National Weath-
er Service and other agencies that might provide information.
They might attend an occasional briefing by the National Weather
Service, but they would rely on their disaster preparedness offi-
cials to advise them in specific situations. Two of the three ad-



14

ministrators interviewed indicated that they would rely on their
disaster preparedness official to make the decision as to whether
or not to evacuate an area; this same disaster preparedness offi-
cial, with officials of the county school system and the Red
Cross, would then make the decision to open shelters.

The assistant administrator for Charleston County was particu-
larly aware of the need to prepare for natural disasters because
of a workshop he had attended. The workshop was put on for offi-
cials in’ the Southeast by the Academy for Contemporary Problems
for the Federal Emergency Management Agency and focused on long-
term recovery. Even though the workshop dealt primarily with a
hypothetical midwestern community attempting to respond to a flood
(and the Charleston official wished for an example more closely
tied to his problems), he found it extremely useful in terms of
helping him identify issues and problems that need to be consid-
ered in disaster response. For example, after his attendance
there, the County revised its emergency plan to involve more di-
rectly the assessor's office and the buiding inspector in making
damage assessments. Through the conference, he also learned of
the Federal Emergency Management Agency and its functionms.

In addition to the county administrators, we spoke with a
mayor, a mayor's assistant, and several city department heads.
Again, their responsibilities are much broader than hazard mitiga-
tion and disaster response, and for hazard-related information
they rely primarily on the county disaster preparedness offices.
This was the case with the mayor of Lincolnville, a small town
near Summerville and the site of the epicenter of the 1886 earth-
quake.

In the city of Charleston the Mayor's Office has the responsi-
bility for planning and coordination in the event of a natural di-
saster. They use the county plan to identify responsibilities,
and they also have an internal city plan, developed with the po-
lice department. The «city also has a post-disaster clean-up
plan. In meetings with all the department heads to discuss the
state of preparation for natural disasters, the subject of earth-
quakes has come up, but no specific plans have been made for the
possible occurrence of one. During a disaster, the Mayor's Office
relies on the Police Chief to be the liaison with other agencies.
They are also in constant contact with the local office of the
National Weather Service. After tropical storm Dennis, the mayor
made a request to the local television and radio stations to help
disseminate preparedness information as a public service. Thus,
the Mayor's Office relies on other departments to deal with opera-
tional issues in disaster response, and they take responsibility
for the larger coordination issues. General background informa-
tion regarding a specific hazard appears to be the level of infor-
mation needed.

City department heads, even though they personally may not use
the information, need access to as much specific information as
possible regarding hazards. This information can, if appropriate,
be passed on to staff people with direct responsibility for miti-
gation or response. There are, of course, several departments
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with no direct mitigation or response functions, and they would
need less information. In Charleston, for example, the City Traf-
fic and Transportation Department would have to insure the smooth
flow of traffic in a disaster. The city's planning office also
used little information regarding natural hazards although they
would be interested in seeing more information, particularly on
the earthquake hazard. Again, however, they have no direct or
mitigation response functions. If the city decided to adopt some
land-use techniques to mitigate the earthquake hazard, presumably
they would be administered by the planning department, and at that
time the department would require more specific information. The
administrator of the Charleston Housing Authority also has general
responsibilities that span much more than disaster or emergency
preparedness. Because of the services they can provide--manpower
(particularly maintenance crews), radio system, emergency genera-
tors, tree-cutting equipment, chains, and axes--they are part of a
five-department response team coordinated by the Mayor's Office.
Thus, they are directly involved in response and are also cogni-
zant of natural hazards in the siting of their new facilities.

Examples of departments that can use very specific information
include the office of the Commissioners of Public Works (water,
sewer, and public transit). Personnel in that office pointed out
that they would like to know the location of every small tremor
because they are interested in a possible correlation between the
tremors and damage to their underground pipes. They also have
several tunnels that supply water to the Charleston area, and they
need to know what the earthquake hazard means for those tunnels.
The Department of Public Service 1is very interested in as much
specific information as possible regarding the earthquake hazard
in Charleston. The director has several overall responsibilities
related to this hazard, including the administration and implemen-
tation of a clean-up plan to clean debris off of the street in the
event of an earthquake and the administration of the seismic pro-
visions of the Standard Building Code. Another administrator,
with similar responsibilities and similar information needs, is
the building inspector. In Charleston County, for example, all
inspectors are on-call 24 hours a day; they take their vehicles
home. The building inspectors would also have responsibility to
assist in identifying and removing dangerous buildings and are
responsible for assisting in an evacuation.

The school security chief for the county-wide school district
has emergency preparedness as an additional responsibility in his
office. He is responsible for making sure that principals submit
their own emergency plans for each school and for designating par-
ticular schools as shelters. Since principals are designated as
shelter managers, the school district becomes integrally involved
in preparedness and response. Coordination is necessary with the
county disaster office and the Red Cross.

Another administrator who has disaster response or hazard mit-
igation responsibilities as part of much broader administrative
responsibilities and who needs fairly detailed and timely informa-
tion is the administrator at the South Carolina Electric and Gas
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Company. This utility has established written procedures for
storm emergencies (covering both electric and natural gas serv-
ices) and would be very involved in an earthquake in the Charles-
ton area. The utility is responsible for identifying priority and
essential customers and for operating crews in emergencies who can
turn the power back on, turn gas off, etc. Details about what to
expect in a major earthquake would thus be necessary.

Planning and Mitigation

Many of the people we interviewed had primarily planning and/
or mitigation responsibilities for natural hazards in addition to
their other job responsibilities. That is, they did not have ad-
ministrative or coordination responsibilities, nor were they re-
sponsible for first-responder activities such as police and medi-
cal services, but as part of their jobs they could (and do) under-
take actions that would mitigate the damaging effects of an earth-
quake in the Charleston area.

The public officials with these types of responsibilties are
primarily planners, public works officials, and building inspec-
tors, that is, officials who make decisions regarding uses of land
and building construction. Currently, little geologic information
is available for the Charleston area, and thus such information is
not incorporated in many of the land-use decisions. For example,
when the Ashley River Corridor Plan was developed for the area,
only soils and topographic information was used. Several of the
jurisdictions have only recently adopted some land-use regula-
tions, and several have no building codes or code enforcement and
thus would not yet have much need for detailed geologic informa-
tion. Several of the jurisdictions, particularly the counties,
mentioned that they use USGS topographic maps for some of their
major planning projects (eg., the development of a master drainage
plan). The Council of Govermments for the area helped in a study
of the depth to the top of the marl; the actual field work was
done by a class in College of Charleston's geology department,
with the cooperation of the State Geologist's office. However,
the study is not used in any land-use decisionmaking process. The
study has been used for site analysis by industrial representa-
tives considering locating in the area, and by the State Depart-
ment of Highways and Public Transportation.

Some geologic information 1is currently incorporated in the
land-use planning process through the work of consultants. Sev-
eral public officials indicated that they rely on consultants to
major developers for earth sciences information and they incorpo-
rate such knowledge into their projects.

Actually precluding development on sites determined to be haz-
ardous is difficult because the State has no powers of eminent do-
main. After an earthquake, for example, a local government would
not be able to stop people from relocating in susceptible areas.

Building inspectors and public works officials also can under-
take actions to mitigate the earthquake hazard. As mentioned ear-
lier, in the Charleston area some jurisdictions have no building
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codes, or if they have building codes, no one is designated with
inspection and enforcement responsibilities. Thus, although the
Standard Building Code, the code most commonly used in the south-
ern United States, has a seismic provision in it (Section 1206),
many jurisdictions have not adopted it. In some jurisdictions
where the building code has been adopted, the jurisdiction may not
have adopted the section relevant to the seismic hazard, or they
may not have designated anyone to enforce the provision.

In the City of Charleston, the city council adopted a bulletin
in June 1981 reaffirming the policy of the building inspector to
enforce Section 1206. The city had adopted the building code in
June of 1980. Since the wording of Section 1206 is vague about
who is the appropriately designated official to implement the sec-
tion, this action by the City of Charleston is noteworthy. In ad-
dition, the city council elaborated on how Section 1206 will be
enforced for renovation work. This is an important question be-
cause of the large number of historic properties in the city.
Basically, the property does not have to conform to the seismic
provisions of the Standard Building Code, although the owner or
developer is not allowed to do anything to the building that will
reduce the ability of the building to withstand the earthquake
risk. For new construction, the building inspectors require that
the designers certify that it is built to withstand the seismic
hazard. When enforcing Section 1206, the building inspector and
public works officials use ANSI-A-58.1, '"Building Code Require-
ments for Minimum Design Loads in Buildings and other Structures,"
a document prepared by the American National Standards Institute,
which provides detailed standards for seismically resistant con-
struction.

The Charleston County's building department also uses ANSI-
A-58.1 and enforces Section 1206 of the Standard Building Code,
which requires buildings over three stories or 5,000 square feet
to meet seismic provisions. A permit 1is required of anyone who
builds in the county, and since there is more new construction
there than in the city, seismically resistant design may be incor-
porated into more and more of the new buildings.

In the private sector, we interviewed several individuals hav-
ing different (potential) mitigation responsibilities, including:
several engineers, architects, an insurance broker, and several
bankers. The architects design buildings to meet the requirements
set forth in the Standard Building Code and always use a struc-
tural engineer on their projects. The architects we interviewed
pointed out that it usually costs more to design seismically re-
sistant buildings unless the design is simplified. Such simplifi-
cation may reduce the seismic risk non-structurally through archi-
tectural features such as placement of walls in relation to each
other. The engineers also design to the specifications of ANSI-
A-58.1 and Section 1206 of the Standard Building Code. One engi-
neer pointed out that the seismic requirements of the building
code set up an awareness of the seismic risk in the area for indi-
viduals in the different facets of the construction industry. He
also pointed out that since his firm was primarily involved in
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health care facilities they pay particular attention to seismic
requirements. At one health care facility, although seismic rein-
for cement was not required by the building officials, the struc-
tural engineers argued for the additional reinforcing, and the
client agreed to pay the additional costs. In their work then,
engineers question all the local geotechnical experts to get their
base information, and in cases where not much is known about the
seismic risk, they choose to err on the side of conservatism.
Thus, detailed information would be useful to architects and engi-
neers, particularly structural engineers, in performing their jobs.

The bankers and insurance agents who we interviewed were not
very familiar with the earthquake hazard. The banks do not re-
quire earthquake insurance although many of the insurance policies
in the area automatically include it. One banker said that people
call her asking if such insurance is required to obtain a bank
loan because they are contacted by insurance agents wanting to
sell them such a policy. Insurance rates for earthquake policies
are uniform across the State, unlike wind storm rates. One re-
spondent estimated that 5-10 percent of the policyholders in the
State carry earthquake coverage as part of their property insur-
ance package. The South Carolina Association of Independent
Agents has discussed the earthquake risk in the State, but only
lackluster interest has been demonstrated to date. General infor-
mation on the nature of the risk would be useful for both bankers
and the insurance industry.
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Information Sources

Introduction

The officials interviewed for this study obtain information
regarding a new subject or innovation from a variety of sources.
Diffusion of information has been the subject of several studies,
and our findings substantiate, in a limited way, much of what
these earlier studies found (Rogers and Shumaker, 1971; Lambright,
1980; Bates, 1979; Bingham, et al, 1978; Bingham and McNaught,
1976; Roessner, 1978; Szanton, 1981; Cohn and Manning, 1977; Utech
and Utech, 1974). These writers have identified major mechanisms
involved in publicizing a new technology (or idea) and in making
individuals in other sectors or disciplines aware of its availa-
bility. For example, Cohn and Manning (1977, p. 254) have a list
of these mechanisms that includes: (1) scientific and technical
journals; (2) computerized data banks and services; (3) profes-
sional, scientific, and technical society symposia; (4) intragov-
ermmental committees; (5) national standards--and specifications
committees; (6) technology liaison staffs; (7) informal personal
contacts; (8) interagency sharing of Federal laboratories and test
facilities; (9) personnel transfers; (10) technology transfers;
(11) technology transfer agents (problem-resource counselors);
(12) small business administration technology-utilization offi-
cers; and (13) State technical services programs.

Cohn and Manning discussed the transfer of technology among
public works managers, and although not all of these mechanisms
are relevant to the transfer of earthquake or other hazards infor-
mation, many mechanisms are currently in use by officials and in-

dividuals in the Charleston area. The following discussion di-
vides information scurces for respondents in the study into these
six categories: associations, government agencies, journals and

magazines, colleges and universities, news media and personal ex-
changes, and although these categories are labeled differently
from those used by Cohn and Manning, the overlaps are obvious.

The following discussion elaborates on the hazards information
channels identified in the Charleston area. Because our sample is
too small to determine if there are statistical differences be-
tween the public officials and private sector representatives or
between various job functions, we will focus here on describing
only the major sources of information.

Associations

Almost everyone we interviewed received information from a
professional or civic association, and for many, the professional
association was a primary source. For the county and city admin-
istrators, the Association of Counties, the Municipal Association
of South Carolina, the National League of Cities, the U.S. Civil
Defense Directors Association, and the South Carolina State Asso-
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ciation of County Emergency Preparedness Directors were all
sources of information. Such associations usually put out news-
letters, and, in fact at the time we were in Charleston, the Na-
tional League of Cities' newsletter had a one-paragraph article on
the front page stating that Charleston, along with other eastern
cities, had a significant risk of experiencing damage and loss of
life and injuries in an earthquake.

Associations mentioned by the officials in public safety or
first responder departments included: Low Country Regional Emer-
gency Medical Services Council, State Association of Rescue
Squads, the South Carolina Fire Academy, International Chiefs of
Police, the State of South Carolina's Law Enforcement Association,
the Police Executive Research Forum, the Police Executive Insti-
tute, the International Association of Fire Chiefs, the Tri-County
Fire Chiefs Association, and the South Carolina State Fire Commis-
sion. ,
Associations mentioned by people responsible for planning and
mitigation included: American Public Works Association, American
Society of Civil Engineers, American National Standards Institute,
Standard Building Code Congress, Low-Country Building Inspectors
Association, Construction Specification Institute, American Insti-
tute of Architects, American Planning Association, American Water—
works Association, South Carolina Association of Independent
Agents, South Carolina Power Exchange, and the Electric Edison In-
stitute. Many of these associations sponsor seminars or workshops
directly related to hazard mitigation or response, as well as put-
ting out monthly newsletters. For example, at the spring 1981
meeting of the State Association of Emergency Preparedness Direc-
tors, the State Geologist spoke on the earthquake hazard in the
State. The American Waterworks Association teaches an emergency
preparedness course that is offered in cities around the country.
The South Carolina Power Exchange and the Electric Edison Insti-
tute exchange information among members regarding how best to pre-
pare for storms. The American Planning Association sponsored a
conference several years ago on the earthquake hazard and invited
planners from all cities with an earthquake risk. The Director of
the Berkeley, Charleston, and Dorchester Council of Governments
attended. The National Council Architectural Review Board spon-
sors a seminar on designing for the earthquake hazard. The semi-
nar or course is required for architects who want to be licensed
in California. It is currently offered at the University of Utah
and occasionally at other schools on a one-time basis. One of the
architects with whom we spoke contemplated taking this class. The
Standard Building Code Congress also offers seminars on implemen-
tation of various aspects of the building code.

Several of the department heads in Charleston also hold lead-
ership positions in their State professional organizations. For
example, the fire chief is a member of the 18-person South Caro-
lina State Fire Commission; the police chief is head of the South
Carolina State Law Enforcement Association; the Charleston County
building inspector is chairman of the Low-Country Inspectors Asso-
ciation; and the Navy disaster preparedness officer is on the
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Southeastern Regional Emergency Management Committee of the Fed-
eral Emergency Management Agency. In these dual roles, if they
felt a piece of information was important, they would be in a po-
sition to influence its dissemination.

In addition to professional associations, several people men-
tioned civic or church groups as a source of information on natu-
ral hazards or on the earthquake hazard specifically. At a recent
meeting of a Civitan Club, a local civic group, a professor from
the College of Charleston spoke on preparedness for a hurricane.
Fortuitiously, he spoke 1 week before tropical storm Dennis came
through the area. Professor Joyce Bagwell, from the Baptist Col-
lege's seismograph operation, says she is a frequent speaker at
churches and community clubs such as Kiwanis and Rotary.

Government Agencies

Many respondents also received information from various gov-
ernment agencies from the county to the Federal Government. Some
city and county departments receive background information from
the county offices of disaster preparedness. As mentioned earli-
er, these offices are primary sources of information when a disas-
ter event is impending.

The State disaster preparedness office provides some informa-
tion to the county offices of disaster preparedness, the Navy di-
saster preparedness officer, the county administrators, and the
school district. As far as we could determine, no particular fo-
cus is given to the earthquake hazard.

Several officials also received information from the Federal
Emergency Management Agency. The county disaster preparedness di-
rectors receive half their funding for their positions from the
Federal Emergency Management Agency, as well as background materi-
als that they can then distribute in their counties. One director
offered the observation, however, that it is difficult to obtain
some of the materials since they go out of print, and although he
receives requests from the public for information, he does not
have material he can distribute. One of the county disaster pre-
paredness directors emphasized that he receives information from
the Federal Emergency Management Agency's Region IV in Atlanta.
The Navy receives information from the Federal Emergency Manage-
ment Agency, particularly as their representative sits on the Fed-
eral Emergency Management Agency's Regional Emergency Management
Committee. (Other members of the committee include the U.S. De-
partments of Agriculture and Commerce, Community Services Adminis-—
tration, lst Army Headquarters, 1l4th Air Force Division, and the
U.S. Army Corps of Engineers.) Evidently this committee has dis-
cussed the potential for a serious earthquake in the Southeast,
but it has made no specific recommendations for response proce-
dures.

The Federal Emergency Management Agency has also sponsored
workshops put on by the Academy for Contemporary Problems on long-
term disaster recovery. These workshops have been attended by
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several officials in the Charleston area. As described earlier,
one official in particular found the workshop very useful in stim-
ulating his thinking about disaster preparedness 1in Charleston
County. Revisions were made in the county response plan, on the
basis of what he had learned at the workshop.

The fire chief was also familiar with the Federal Emergency
Management Agency because they had sponsored the International
Association of Fire Chiefs' publication Disaster Planning Guide-
lines for Fire Chiefs. He is adapting the guidelines for his fire
department. Several public officials also received Emergency Man-
agement , a free publication distributed by the Federal Emergency
Management Agency.

The National Oceanographic and Atmospheric Administration also
has distributed information which some of our respondents men-
tioned. This agency is involved in some flooding and hurricane
studies and also prepares information on weather-related hazards
that public officials can then disseminate. It has also sponsored
a conference which was attended by the Emergency Medical Services
assistant director.

Almost every public official also had direct contact with the
National Weather Service, which received consistently high marks
for their seminars and interaction with local govermment. Many of
the respondents had attended a seminar, many more than one, spon-
sored by the local National Weather Service office.

The South Carolina National Guard has provided training for
some of our respondents, including the fire chief.

Information prepared by the USGS was used primarily by land-
use planners. The county planning offices use survey topographic
maps, and the Charleston city planning office uses both survey
topographic maps and soils information prepared by the Soil Con-
servation Service. One county official also mentioned a survey
study on floods and dams of the area.

A further government source for some of the public officials
is the U.S. Govermment Printing Office catalog. One of the archi-
tects with whom we spoke mentioned that he learns of projects and
studies by being on the mailing list of the National Science Foun-
dation. He also participated in a National Science Foundation-—
funded project which taught architects how to incorporate seismic
safety into their design process.

Journals and Magazines

As would be expected, a range of professional journals and
magazines was used by the respondents. The list included, for the
people in first-responder departments: Emergency Medical Serv-
ices, Firehouse, Journal of Emergency Medical Services, Police
Chief, International Civil Defense, Journal of Civil Defense, the
newsletter from the State association of civil defense , and the
Association of Counties newsletter.

For the administrators and people with planning and mitigation
responsibilities, the list of journals included, in addition to




23

the newsletters of their professional organizations: Planning,
Journal of Housing, Concrete, Public Works, and Contractors maga-
zines. R

A few respondents received information directly related to
natural hazards from publications such as the Natural Hazards Ob-
server and from newsletters from the United Nations and the U.S.
Office of Foreign Disaster Assistance. One respondent also had
obtained reports from bibliographies put out by the Disaster Re-
search Center of Chio State University.

Colleges and Universities

The local colleges and the University of South Carolina have
provided information about hazard mitigation and response. As
mentioned earlier, a professor from the College of Charleston
spoke on hurricanes and how to prepare for one at the Civitan Club
meeting the week before tropical storm Dennis came through the
area. Dr. Pradeep Talwani, seismologist in the Department of Ge-
ology, University of South Carolina, Columbia, operates the seis-
mograph network distributed throughout South Carolina. The pro-
gram is a joint effort of the University of South Carolina and the
USGS. The University of South Carolina, with several government
agencies, sponsored a radiological monitoring class for firefight-
ers. The earthquake hazard in the Charleston area was mentioned
there. The University of Wisconsin sponsors continuing education
classes for engineers, which at least one respondent found most
useful. The College of Charleston's geology department performed
for the Council of Governments, with the assistance of the State
Geologist's office, a study of the depth to the top of the marl in
the Charleston area. Several geologists at the University of
South Carolina are working on identification of the faults and ex-
planations for the seismic activity, and occasionally speak at
various association meetings in the Charleston area. Dr. T. R.
Visvanathan, University of South Carolina-Union, prepared a de-
tailed listing of all earthquakes felt in South Carolina, along
with some maps of selected events (Visvanathan, 1980). The Bap-
tist College's seismic program, under the direction of Professor
Joyce Bagwell, also provides information on seismic activity and
the earthquake risk. Professor Bagwell speaks at various civic,
church, and professional meetings as well as speaking to the news
media, police, and sheriff whenever the public feels a tremor.
She has become a readily identifiable spokesperson on the earth-
quake risk of the area. An additional way a local college can be
a source of information is through direct contacts between stu-
dents, faculty, and officials. A student from The Citadel 1in
Charleston, for example, met with the building inspector for the
city of Charleston and showed him the USGS report on studies re-
lated to the 1886 earthquake in Charleston which he was using to
complete his senior paper (Lagasse, 1981). Thus, local colleges
and universities appear to play a role as information specialists
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(technical experts such as Professors Joyce Bagwell, Pradeep Tal-
wani, and T. R. Visvanathan) and as sources of specialized serv-
ices (the mapping of the marl, and the seismic network).

News Media

The news media are a major source of general, background in-
formation -for most of the people with whom we spoke. Many people
generally familiar with the earthquake hazard had learned all they
knew from the news media, primarily television.

Both television and radio play important roles in the dissemi-
nation of information before an impending disaster. As tropical
storm Dennis approached the area, television and especially radio
broadcast periodic updates on the weather condition. (An inter-
esting observation: we heard over commercial. radio that the storm
was moving towards Myrtle Beach north of Charleston before offi-
cials of one of the counties received information over their "spe-
cial" radio. At the time we heard of the change in direction, the
county officials were still operating on the assumption that the
storm would strike the Charleston area.)

One of our respondents pointed out that a local television
station had recently run a two-part series on the earthquake haz-
ard in the area: most respondents indicated that more commonly
media coverage of the earthquake was in an historical context.

Personal Exchanges

A further source of information used by many of our respon-
dents is the personal exchange of information. Several rely on
their colleagues and others working in related fields for informa-
tion, and use personal contact as the means to collect the infor-
mation. For example, the city public service department phoned
the Los Angeles building inspectors office to obtain a copy of the
stringent building and engineering code that was just imple-
mented. When the planning director wants some information on how
other cities deal with a particular problem, he is more likely to
phone people he knows in various cities than to read publica-
tions. Officials at the South Carolina Electric and Gas Company
are likely to talk to people they know in various other southern
utilities for suggestions on how they deal with particular prob-
lems.

Two important questions when looking at information sources
are: (1) what type of information is conveyed by the sources and
(2) how much information does the user retain. We did not attempt
to answer these questions systematically although our respondents
offered some informal observations. Obviously, journals such as
the Journal of Housing and Concrete have a much broader emphasis
than hazards, generally, or earthquakes, particularly. No journal
or magazine was devoted entirely to earthquake mitigation or re-

sponse, although there are several publications, primarily used by
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the county disaster preparedness officials that look at hazard
mitigation and response. Thus the amount of hazards information--
and specifically earthquake-related information--received by most
respondents is small.

In summary, information directly related to the earthquake
hazard, as identified by several respondents, included: the USGS
Professional Paper 1028 (Rankin, 1977); the USGS History of the
1886 Charleston earthquake (Dutton, 1890); the Applied Technology
Council report ATC3-06 (Applied Technology Council, 1978); the Na-
tional Science Foundation-funded project on architects and seis-
mic-resistant design (Britz, 1981); the course at the University
of Utah for architects; the report by a senior engineering student
at The Citadel (Lagasse, 1981); the Southern California engineer-
ing code; the Los Angeles building code; the Standard Building
Code and its Congress; the American Institute of Planners (now the
American Planning Association) conference in San Francisco on
earthquake hazard; the discussion in the Disaster Preparedness
Guide for the Naval Base (Commander Naval Base, 1981); the discus-
sion in Disaster Planning Guidelines for Fire Chiefs (Hildebrand,
1980); the discussion 1in school emergency preparedness plans
(Crews, undated); the report on the earthquake vulnerability of
buildings prepared by Blume and Associates; and the recent earth-
quake engineering conference in Knoxville, Tennessee (Beavers,
1981) and the workshop on "Preparing for and responding to a dam-
aging earthquake in the Eastern United States' (Hays, 1982).
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Summary of Findings

Awareness of the Earthquake Hazard

No one we interviewed was unaware of the fact that earthquakes
have occurred in South Carolina. The earthquake of 1886 is an
integral part of Charleston history.

The level of awareness of the current earthquake hazard for
many of our respondents is only at the level of curiosity.
With the exception of building inspectors and structural engi-
neers, few of the respondents currently incorporate awareness
of an earthquake hazard into their decisions.

In addition to the historical factor, general awareness of the
current earthquake hazard is maintained by: the occasional ap-
pearance in the area of large trucks used by the USGS and Vir-
ginia Polytechnic Institute and State University to test for
seismic activity; the occasional news media story on geologists
and seismologists in the area conducting research; the Baptist
College seismograph run by Joyce Bagwell, who has become a lo-
cal resource person for the media and officials interested in
local tremors and reported earthquakes; the occasional uniden-
tified large sonic boom in the area since many people think
these booms and the accompanying shaking are earthquakes; and
small tremors that occur frequently in the Charleston/Summer-
ville area.

There appears to be a certain amount of misinformation concern-
ing the earthquake hazard in the area. Many of the people we
spoke with were under the impression that the fault or faults
in the area causing the 1886 earthquake have been located.
Also some respondents felt that the earthquake potential in the
Charleston area is the same as the earthquake potential in
seismically active California.

Users of Hazards Information

Officials generally approach hazard mitigation and disaster re-
sponse from a multi-hazard perspective. They realize that en-
tirely separate plans do not have to be made for each hazard
and that responses to earthquakes, hurricanes, tornadoes, ice
storms, etc., will have many similarities. This is important
in attempting to ensure an effective, coordinated response at
all levels of govermment. If separate plans and responsibili-
ties are required for each disaster, the probability that ev-
eryone will be able to remember his or her duties and perform
them effectively is low.
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For all types of users, accurate, timely information before and
during a disaster appear to be most important. Communication
and coordination lines are fragile, and to ensure their smooth
functioning, complete, pertinent, and understandable informa-
tion is very important.

Some people, particularly those with land-use planning respon-
sibilities, who could (and perhaps should) utilize more of the
existing information on earthquake hazards are not aware that
such information exists, the extent that it is useful, or its
relevance to what they do.

Certain types of information users (such as the Commissioners
of Public Works, South Carolina Electric and Gas Company, and
the building inspectors) can use and need very detailed infor-
mation concerning the location of the fault(s) and the history
of seismic activity.

Some of the public officials and private sector representatives
whom we interviewed have placed a significant level of trust in
the seismic provisions of the building code to protect them
from serious damage in the event of a major earthquake. Other
officials are aware that even if a seismic provision exists in
the code, there are major problems of code implementation and
enforcement. It appears that considerable effort is needed to
get the seismic provision of the building code adopted through-
out the area, to establish a local authority to implement the
provisions should they be adopted, and to designate sufficient
personnel to enforce the code.

The county disaster preparedness officials play a major role in
keeping other administrative officials informed before and dur-
ing most disasters. Within the City of Charleston the first
responder agencies are police, fire, emergency medical serv-
ices, the Red Cross, and Salvation Army.

Information Sources

Basic scientific information pertaining to the earthquake haz-
ard is lacking in the Charleston area. Although many of the
respondents are generally aware of the earthquake hazard, most
are not familiar with the few information sources that provide
any detail on seismic hazards and risk, nor are many aware of
how they can obtain further information.

Many of the respondents with whom we spoke obtain information
on hazards generally through professional and trade societies,
newsletters, journals, and personal exchanges with other pro-
fessionals.
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e General information on hazards is also obtained from the news
media and community groups. In some cases a professional per-
son may hear an interesting talk on a hazard at a community or
civic function and then arrange for a similar talk to be given
at a professional functionm.

e Workshops appear to be a particularly effective catalyst for
stimulating thinking and activity in a particular area. Cer-
tainly many of our respondents obtained much useful information
concerning hurricanes from workshops sponsored by the National
Weather Service.

e The public, as well as some officials, professional people, and
private industry people, receives information on what to do in
an emergency from the radio and television. Thus the media
play a powerful role in communication of emergency information. -

Table 1: Summary

e Table 1 summarizes the sources and users of hazards information
in the Charleston area.
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Discussion

In interpreting our findings, it is important also to reflect
on recommendations that have been made previously by other re-
searchers. The basic question we used is, '"Do our findings repre-
sent a departure from earlier thinking in this area, or are our
findings consistent with other research in the earthquake hazard
mitigation area and, more broadly, the area of information trans-
fer?" In a 1978 document, Earthquake Hazards Reduction: Issues
for an Implementation Plan, (Working Group on Earthquake Hazards
Reduction, 1978) prepared by many of the leading Federal policy-
makers in the area of earthquake hazard mitigation, several recom-
mendations are made on ways to identify user requirements for in-
formation and to facilitate the utilization of such information.
The authors point out that users of earthquake hazard information
differ widely in their requirements for information and their ca-
pacity to absorb information, a point borne out entirely in our
study of Charleston. There, the building inspectors, engineers,
and water works officials require information as specific as pos-
sible, whereas most of the other public officials and private sec-
tor representatives wanted a more generalized overview of the haz-
ard, particularly about what would be expected of them if an
earthquake did occur. Unlike the recommendations in the 1978 Im-
plementation Plan (p. 63) which stated that engineers, architects,
and planners needed the most in-depth information, we found in
Charleston that some architects and planners are not themselves
aware that they can use detailed information in their jobs. Rath-
er, they rely on the building departments and the structural engi-
neering community to incorporate any detailed seismic safety in-~
formation into the design process.

The Issues for an Implementation Plan also made recommenda-
tions regarding how information can be disseminated. They were:

1. Two-way communication must be established between producers
and users. Here, the authors of the Implementation Plan
made the point that users and researchers tend to have dif-
ferent motivations and it '"may be necessary to use inter-
mediaries to interpret research results and to create prod-
ucts that clearly will be helpful to the users". The
Charleston study findings second this point; there we found
that users were for the most part unaware of existing re-
search on the earthquake hazard and unaware of the channels
through which that information would normally be communi-
cated.

2. Research planning should be done in close cocoperation with
users in order to improve the likelihood of useful and
practical application. Again the Charleston study findings
support this point, since if users are unaware of any of
the details of the existing research and unaware of how to
find out about the research, it is not likely that it will
be used.
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3. Adequate training should be provided to users. The point
made in the Implementation Plan 1is that users must be
taught the necessary skills to utilize technological infor-
mation. The Charleston study suggests that this is true.
Technological information must not only be translated;
users also need the skills to interpret and use correctly
the information given them.

4. Multiple inputs of knowledge to the user should be encour-
aged. The Implementation Plan states that "repeated expo-
sures in different formats and through several channels may
be required. This technique 1is particularly successful
when new information is provided by persons to whom the
users customarily look for guidance, such as members of
their own professional or disciplinary groups" (p.63). In
the Charleston study it was found that users of hazards in-
formation receive multiple inputs of knowledge concerning
the hurricane threat, and most receive information through
personal channels. Since this appears to work successfully
for hurricane-related information, it would likely also be
a successful strategy for earthquake hazard information.

Even 1if information is successfully transmitted to users, how-
ever, still other factors can opetate as impediments to action re-
garding seismic safety. It is beyond the scope of this paper to
elaborate on or to detail such impediments; however, we will
briefly mention several major barriers to the effective use of
seismic hazard information and the implementation of seismic safe-
ty policies that have been identified by others. Atkisson and
Petak (1982) in a discussion of the politics of community seismic
safety identified major impediments that include:

1. Other contemporary problems appear to be more important.
In the Charleston area this will certainly be a factor
since there are many more immediate issues that arise on a
daily basis for political leaders and public officials.
Even in California and Utah, States with a serious seismic
risk, a recent survey of the problem perceptions held by
policy-makers and political influentials did not identify
earthquakes (or any natural hazard) among the top five
problems.

2. The absence of earthquake-oriented political constituen-—
cies. In order for a particular issue to be perceived as
important by policy-makers, 'some substantial segment of
the community must become convinced that the problem ex-
ists" (Atkisson and Petak, 1982, p. 96). In the Charleston
area at this time, it is likely that the public officials
are more informed and aware than most citizens. The tech-
nical information has not been communicated, and in some
cases 1s just not available to the public, so at this point
it would be very unlikely to have citizens' groups or or-
ganized constituencies exert any pressure on officials.
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The absence of "inside" advocates. Atkisson and Petak
(1982, p. 97) make the point that ". . . issues, problems
and policy proposals which are not 'owned' by responsible
and attentive parties swiftly become undernourished and
have a way of disappearing into the night'. In Charleston
the building inspectors for both the city and the county
will likely be the "inside" advocates who will, because of
the nature of their jobs, keep a certain amount of atten-
tion focused on’the issue of seismic safety. Also, since
the interviews were conducted in Charleston, an ad hoc
seismic safety consortium for the Southeast has been
formed, consisting primarily of advocates from the Charles-
ton area. Individuals on this committee will undoubtedly
develop more active roles as advocates. However, the nu-
cleus of individuals who become advocates in the Charleston
area may remain quite small until the issue takes on more
importance.

The debilitating problems of complexity and uncertainty.
Seismic safety 1is a particularly complex issue that does
not lend itself to a simple remedy. Atkisson and Petak
(1982, p. 98) feel that those problems that can be readily
simplified are, in this political system, the problems most
likely to be solved. Another facet of this impediment to
action is how local officials perceive the risk and uncer-
tainty surrounding the issue of seismic safety.

The cost of problem—-solving policies. According to Atkis-
son and Petak (1982, p. 98), a further impediment to action
in the arena of seismic safety is:

"the perceived cost of framing a problem-solv-
ing policy and implementing a problem-solving
solution . . . In short, policy-makers properly
ask whether or not the development of a solu-
tion to any specified problem is worth the mix
of costs associated with the design and imple-
mentation of a solution" (p. 98).

Certainly in Charleston this fact can loom as a signifi-
cant impediment to action. Officials, and private sector
representatives, will rightfully ask (and are asking) if
the costs involved in the development of seismic safety
programs are worth it, given that the risk to residents
in their city is still somewhat undefined. Public offi-
cials particularly have set revenues from which they can
develop programs; given that resources are limited and
demands on them great, officials must ask if seismic
safety programs represent the wisest use of these limited
resources. '
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6. Issues of fact and value. Atkisson and Petak (1982,
p. 99) point out that factual uncertainty in the area of
seismic safety can be a great hindrance to action.

"If the technical community cannot resolve
these basically scientific and technical is-
sues, asks the legislator, how can I be ex-
pected to dispose of the problem at this time?"
(p. 99)

In Charleston the problem of factual uncertainty has particu-
lar importance since the geoscience community has not yet been
able to pinpoint the cause(s) of seismic activity in the South-
east. Thus, scientists cannot say with certainty if future earth-
quakes in the Southeast and along the eastern coast would be cen-
tered near the epicenters of earlier earthquakes. Scientists are
asking, "

". . . how good is the historic record for predicting fu-
ture seismicity? Perhaps other favorably oriented zones
of weakness that have not experienced historic seismic
activity should be considered as places of potential
earthquakes, particularly if they currently are sites of
low-level seismicity?" (Hamilton, 1981, p. 10)

This level of uncertainty in the scientific community, while im-
portant for officials to understand, also leaves them in a bit of
a quandary. What actions can they realistically be expected to
take, given the existing level of scientific knowledge?

The need for better technical information relates to the ear-
lier point that perception of risk is important to understanding
both impediments and incentives to action. In a study of local
government officials in California, Wyner attempted to define ac-
ceptable seismic risk for those officials. He argues that since
risk analysis is not an explicit, visible undertaking in the deci-
sionmaking process, local officials exhibit little knowledge of
existing risk. And, that by default, the status quo becomes the
acceptable risk at any point in time (Wyner, 1981, p. 2). Thus
there is little incentive to undertaking further seismic safety
measures. In the Charleston area the question that Wyner asks in
California, "how safe is safe enough?" has not entered the arena
of public policymaking (except for military construction) in a
formalized manner. There, by default as well, the status quo is
judged by most people to be safe enough.

A further study of problems in the implementation of seismic
safety practices, specifically implementation of the seismic pro-
visions of the building code, is currently being conducted by Nil-
son and Olsen (1981). They are attempting to account for varia-
tion in the effectiveness of seismic building regulations across a
number of California jurisdictions. They identified a set of
technologically induced problems as well as political and economic
problems that contribute to uneven enforcement. Thus, if this



40

pattern were to be found in other areas of the country, and the
relevant literature suggests that it would, the implementation of
effective earthquake hazard mitigation measures in the Charleston
area can be a long, difficult process.

We do not want to imply that our study of how basic earthquake
hazards information is being used currently by officials and pri-
vate business in the Charleston area is a basis for making recom-
mendations for the implementation of sophisticated mitigation mea-
sures in the area. Rather, we want to convey through this discus-
sion of implementation problems the thought that adequate informa-
tion alone will not be sufficient to mitigate the hazard. Mitiga-
tion of the hazard will come only as solutions are found to the
many reasons, cited in this report, why appropriate mitigation
measures are not being effectively implemented now.
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Re coomendations

Two sets of recommendations were generated by this study. One
set concerns the Charleston area; the other concerns the process
of information dissemination more generally. The Charleston area
recommendations are divided into the three categories—-risk defi-
nition, mitigation activities, and preparedness activities.

Charleston Area Re commendations

Risk Definition

® Recommendations for policy concerning the earthquake hazard in
the Charleston area should take into account scientific uncer-
tainty about the locations of the faults and the mechanisms
causing seismic activity in the area.

e Local response agencies need to have information about their
vulnerability--what would happen to Charleston in the event of
an earthquake--in order to understand what their responsibili-
ties and duties should be and to devise an effective prepared-
ness plan that can be implemented at all levels of govermment.

e Charleston officials need to know what areas would receive
damage from an earthquake and what kinds and relative severity
of damage to expect. The USGS, South Carolina Geological Sur-
vey, and academicians should begin to compile basic data nec-
essary to answer these questions.

® Maps need to be compiled showing locations of the 1886 earth-
quake damage distribution and current hazards potential. The
preparers of these maps need to translate and interpret the
maps for local officials.

® A structures inventory needs to be completed, identifying
those structures that are likely, due to age, construction,

etc., to incur extensive damage in a major earthquake.

Mitigation Activities

. Because the Charleston area is prone to hurricanes and other
natural hazards which occur more frequently than damaging
earthquakes, efforts should be made to tie mitigation and re-
sponse planning, education, and awareness efforts together for
all natural hazards.

e Various jurisdictions in the Charleston area are in the very
early stages of beginning to use the tools and information
available to them to regulate land use. Planning commissions,
zoning and subdivision ordinances, and building codes are be-
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ing increasingly used to guide land development. Earth-sci-
ence information is a necessary factor in this process. While
Charleston expands its base of earth-science information to
meet the land planning and regulating needs of the area, it
should include those factors peculiar to earthquake-prone
areas, such as maps showing areas prone to liquefaction.
Since the majority of respondents in this study indicated sub-
stantial interest in attending a workshop that would explain
the earthquake hazard, mitigation, and response, USGS and
others should consider coordinating such a local workshop.

Preparedness Activities

Until more definite technical information is available to be
incorporated into a mitigation policy, Charleston should con-~
centrate on improving its capability of responding to a damag-

ing earthquake. '

Local response agencies need to know what kinds of services
would be necessary to respond to an earthquake. They need to
make this information need known to Federal and State agen-
cies..

Local response agencies need to inventory their emergency fa-
cilities and vehicles to see if they would withstand an earth-
quake. Facilities to be inventoried include: schools, police
stations, hospitals, fire stations, and emergency vehicles
(storage).

The news media play an important role in Charleston. They
educate the entire public including officials and professional
people. They have been doing an excellent job keeping people
informed and tying what happens elsewhere to what could happen
in Charleston. However, the media need more information about
the earthquake hazard in Charleston to continue to perform
their job. USGS and other geologists engineers and social
scientists should provide briefings and maintain ongoing con-
tact with media representatives.

Re commendations to disseminate earth-science information:

Professional and trade society newsletters, and journals are
widely trusted and read by officials, professionals, and pri-
vate industry. They should be used to educate and inform.
USGS staff and others should prepare short, nontechnical arti-
cles for journals and newsletters that explain, among other
subjects, the earthquake hazard and potential mitigation ac-
tions.

Local and regional workshops can serve as important education-
al catalysts; new information should be presented to a region
through intensive workshops.



43

e The local media, especially television and radio, should be
kept aware of testing, research, and new findings.
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APPENDIX 2

MAPS DEPICTING SEISMIC RISK IN SOUTH CAROLINA

Figure 2.1: Isoseismal Map of the Eastern United States con-
toured to show the broad regional patterns of the
reported intensities for the 1886 Charleston earth-
quake. (Rankin, 1977).

Figure 2.2: Seismicity Map of the State of South Carolina
: (Adapted from Reagor, Stover, and Algermissen, 1980).
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Figure 2.1--Isoseismal Map of the Eastern United States contoured to show the broad
regional patterns of the reported intensities for the 1886 Charleston earth-
quake. (Rankin, 1977).



II.

III.

Iv.

VI.

VII.

VIII.

IX.

XI.

XII.

MODIFIED MERCALI INTENSITY SCALE OF 1931

Not felt--or, except rarely under especially favorable circumstances. Under certain conditions, at and outside
the boundary of the area in which a great shock is felt: sometimes birds, animals, reported uneasy or dis~
turbed; sometimes dizziness or nausea experienced; sometimes trees, structures, liquids, bodies of water, may
sway--doors may swing, very slowly.

Felt indoors by few, especially on upper floors, or by sensitive, or nervous persons. Also, as in grade I, but
often more noticeably: sometimes hanging objects may swing, especially when delicately suspended; sometimes
trees, structures, liquids, bodies of water, may sway, doors may swing, very slowly; sometimes birds, animals,
reported uneasy or disturbed; sometimes dizziness or nausea experienced.

Felt indoors by several, motion usually rapid vibration. Sometimes not recognized to be an earthquake at
first. Duration estimated in some cases. Vibration like that due to passing of light, or lightly loaded
trucks, or heavy trucks some distance away. Hanging objects may swing slightly. Movements may be appreciable
on upper levels of tall structures. Rocked standing motor cars slightly.

Felt indoors by many, outdoors by few. Awakened few, especially light sleepers. Frightened no one, unless ap-
prehensive from previous experience. Vibration like that due to passing of heavy or heavily loaded trucks.
Sensation like heavy body striking building or falling of heavy objects inside. Rattling of dishes, windows,
doors; glassware and crockery clink and clash. Creaking of walls, frame, especially in the upper range of this
grade. Hanging objects swung, in numerous instances. Disturbed liquids in open vessels slightly. Rocked
standing motor cars noticeably.

Felt indoors by practically all, outdoors by many or most: outdoors direction estimated. Awakened many, or
most. Frightened few--slight excitement, a few ran outdoors. Buildings trembled throughout. Broke dishes,
glassware, to some extent. Cracked windows--in some cases, but not generally. Overturned bases, small or un-
stable objects, in many instances, with occasional fall. Hanging objects, doors, swing gemerally or consider-
ably. Knocked pictures against walls, or swung them out of place. Opened, or closed, doors, shutters, abrupt-
ly. Pendulum clocks stopped, started or ran fast, or slow. Moved small objects, furnishings, the latter to
slight extent. Spilled liquids in small amounts from well-filled open containers. Trees, bushes, shaken
slightly.

Felt by all, indoors and outdoors. Frightened many, excitement general, some alarm, many ran outdoors. Awak-
ened all. Persons made to move unsteadily. Trees, bushes, shaken slightly to moderately. Liquid set in
strong motion. Small bells rang--church, chapel, school, etc. Damage slight in poorly built buildings. Fall
of plaster in small amount. Cracked plaster somewhat, especially fine cracks chimmeys in some instances.
Broke dishes, glassware, in considerable quantity, also some windows. Fall of knick-knacks, books, pictures.
Overturned furniture in many instances. Moved furnishings of moderately heavy kind.

Frightened all--general alarm, all ran outdoors. Some, or many, found it difficult to stand. Noticed by per-
sons driving motor cars. Trees and bushes shaken moderately to strongly. Waves on ponds, lskes, and rumning
water. Water turbid from mud stirred up. Incaving to some extent of sand or gravel stream banks. Rang large
church bells, etc. Suspended objects made to quiver. Damage negligible in buildings of good design and con-
struction, slight to moderate in well-built ordinery buildings, considerable in poorly built or badly designed
buildings, adobe houses, old walls (especially where laid up without mortor), spire, etc. Cracked chimmeys to
considerable extent, walls to some extent. Fall of plaster in considerable to large amount, also some stucco.
Broke numerous windows, furniture to some extent. Shook down loosened brickwork and tiles. Broke weak chim—
neys at the roof-line (sometimes damaging roofs). Fall of cornices from towers and high buildings. Dislodged
bricks and stones. Overturned heavy furniture, with damage from breaking. Damage considerable to concrete ir-
rigation ditches.

Fright general--alarm approaches panic. Disturbed persons driving motor cars. Trees shaken strongly--
branches, trunks, broken off, especially palm trees. Ejected sand and mud in small amounts. Changes: tempo-
rary, permanent; in flow of springs and wells; dry wells renewed flow; in temperature of spring and well wa-
ters. Damage slight in structures (brick) built especially to withstand earthquakes. Considerable in ordinary
substantial buildings, partial collapse: racked, tumbled down, wooden houses in some cases; threw out panel
walls in frame structures, broke off decayed piling. Fall of walls. Cracked, broke, solid stone walls seri-
ously. Wet ground to some extent, also ground on steep slopes. Twisting, fall, of chimneys, columms, monu-
ments, also factory stacks, towers. Moved conspicuously, overturned, very heavy furniture.

Panic general. Cracked ground conspicuously. Damage considerable in (masonry) structures built especially to
withstand earthquakes: threw out of plumb some wood-frame houses built especially to withstand earthquakes;
great in substantial (masonry) buildings, some collapse in large part; or wholly shifted frame buildings off
foundations, racked frames; serious to reservoirs; underground pipes sometimes broken.

Cracked ground, especially when loose and wet, up to widths of several inches; fissures up to a yard in width
ran parallel to canal and stream banks. Landslides considerable from river banks and steep coasts. Shifted
sand and mud horizontally on beaches and flat land. Changed level of water in wells. Threw water on banks of
canals, lakes, rivers, etc. Damage serious to dams, dikes, embankments. Severe to well-built wooden struc-
tures and bridges, some destroyed. Developed dangerous cracks in excellent brick walls. Destroyed most mason-
ry and frame structures, also their foundations. Bent railroad rails slightly. Tore apart, or crushed end-
wise, pipe lines buried in earth. Open cracks and broad wavy folds in cement pavements and asphalt road sur-
faces.

Disturbances in ground many and widespread, varying with ground material. Broad fissures, earth slumps, and
land slips in soft, wet ground. Ejected water in large amounts charged with sand and mud. Caused sea-waves
("tidal" waves) of significant magnitude. Damage severe to wood-frame structures, especially near shock cen-
ters. Great to dams, dikes, embankments often for long distances. Few, if any (masonry) structures remained
standing. Destroyed large well-built bridges by the wrecking of supporting piers, or pillars. Affected yield-
ing wooden bridges less. Bent railroad rails greatly, and thrust them endwise. Put pipe lines buried in earth
completely out @f service.

Damage total--practically all works of comstruction damaged greatly or destroyed. Disturbances in ground great
and varied, numerous shearing cracks. Landslides, falls of rock of significant character, slumping of river
banks, etc., numerous and extensive. Wrenched loose, tore off, large rock masses. Fault slips in firm rock,
with notable horizontal and vertical offset displacements. Water channels, surface and underground, disturbed
and modified greatly. Dammed lakes, produced waterfalls, deflected rivers, etc. Waves seen on ground surfaces
(actually seen, probably, in some cases). Distorted lines of slight and level. Threw objects upward into the
air.
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