1999 REPORT TO THE GOVERNOR
RECOMMENDATIONS

Introduction

The Missouri Seismic Safety Commission presented its report A Strategic Plan
for Earthquake Safety in Missouri to the Governor in May, 1997. Commission activi-
ties were then directed toward monitoring progress in addressing the five objectives
presented in the report. The purpose of this second annual report is to highlight
successes, opportunities and concerns.

This year’s report differs in one significant aspect from last year’s. Because of
the wide distribution of this report, the Commission realized that this report should
be used as a vehicle for disseminating information about Missouri earthquakes, and
has solicited informative articles for this publication. In addition, the centerfold of
this report contains maps which can be used in classrooms.

1. Successes

1999 Earthquake Awareness Week met with mixed success in St. Louis. The
symposium for business and industry leaders did not meet the expectations set the
year before, but the informational exhibits presented at the St. Louis Science Cen-
ter on February 6th were a great success. More exhibitors and an excellent traffic
flow yielded more information going to citizens in the Bi-state area.

Release of two Science Magazine articles, one measuring the deformation
(strain) rate of the New Madrid Seismic Zone (Newmann, et.al.), and the other mea-
suring fault strain in folds (Mueller, et.al.), yielded mixed and confusing signals to
the general public. Dr. Seth Stein of Northwestern University has measured a low
strain rate, so low that slippage at this rate would indicate a very large earthquake
only every 1,000 to 10,000 years. Dr. Mueller’s (University of Colorado) study of
strain measurements in folds in soil yielded an estimate of large earthquakes every
450 to 650 years. While the release of these studies would suggest that the geolo-
gists do not agree as to how big and how often an earthquake will happen, the suc-
cess is that these are of interest to the public and the media is giving these studies
widespread circulation.

Recent quakes in Turkey, Taiwan, Greece and Mexico demonstrated just how
large the risk of major centers of populations can be in relation to the earthquake
threat.

The Commission recommends that good information be developed and brought to the
attention of the public.

2. Opportunities

The Missouri Department of Insurance has taken a leadership role with the
National Association of Insurance Commissioners (NAIC) in providing materials
that will allow the MoDOI to grant rate increases that will allow Missouri citizens
to gain earthquake coverage at reasonable rates and deductibles. The Missouri
Seismic Safety Commission has been working with MoDOI and the industry to help
them determine if the computer modeling the industry is using is correct and viable
for establishing rate requests.
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Senator Harold Caskey, Missouri State Senate, introduced a Senate Concurrent
Resolution (SCR #5) that established the Governor’s Commission For the Review
and Formulation of Building Codes. This Commission has been reviewing and will
make recommendations to the Governor (and General Assembly) on legislation
needed to make building codes available to all local municipalities and counties.
Currently, 93 of 114 counties do not have the right to establish building codes and
inspection services for their constituents. These are counties of the third class. One
member of the Missouri Seismic Safety Commission (Commissioner Phyllis dJ.
Steckel) and the SEMA Director Jerry B. Uhlmann serve on this Commission. The
Commission’s report is due out by the end of 1999.

The Commission recommends continued and increased cooperation of State agencies
to assure that the citizens of the State of Missouri can mitigate their homes and
workplaces against the ravages of the impending earthquake.

3. Concerns

The Central United States Earthquake Consortium has been a resource for the
Missouri Seismic Safety Commission. Recently, the Federal Emergency Manage-
ment Agency has severely cut back its support of this consortium. From an annual
budget of $360,000, this has been reduced by over 51% to $185,000. The Consor-
tium has been a key player in multi-state planning and has been an innovator in
earthquake preparedness and mitigation programs for its constituent states (Mis-
souri, Illinois, Indiana, Kentucky, Tennessee, Mississippi and Arkansas). Cut backs
in this area will impact the effectiveness of these programs and their delivery to cit-
izens of Missouri.

As indicated in last year’s report, the current funding of the earthquake pro-
gram is still uncertain. Presently the state relies upon funding from Federal Emer-
gency Management Agency (FEMA) to support earthquake mitigation within State
Emergency Management Agency (SEMA). The National Earthquake Hazard
Reduction Program (NEHRP) monies have been merged with other monies to form
the Emergency Management Performance Grant (EMPG). While this allows maxi-
mum flexibility for the Director of SEMA to allocate program funds, it can also be
used to turn earthquake funds away from the earthquake field. Reports of the
demise of the Illinois Earthquake Program was confirmed at a meeting held in
Memphis recently.

The Commission continues to recommend that stable State funding be provided for
the Missouri earthquake mitigation and preparedness program.

SEMA continues to train local jurisdictions in the Community Emergency
Response Teams (CERT) program. This program has gathered much interest in the
southeast portion of the state as well as St. Louis. Missouri needs to continue its
support of the CERT training.

The Commission wishes to commend the State Emergency Management
Agency for its pro-active role in sponsoring the CERT program. It recommends that
further funding and more courses be added to the schedule. The Commisson also
recommends that staffing levels be reviewed to determine if an additional trainer
needs to be assigned to the program.
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The Commission recommends that SEMA review and, if necessary, recommend hir-
ing a person to train and track the CERT program.

The development of the series of earthquake hazard maps for the area from St.
Louis to Caruthersville has been completed. Through the Association of CUSEC
State Geologists, new mapping of specific areas has been undertaken. The newest
map of Cape Girardeau is being developed at a scale of 1:24,000, which corresponds
to the standard topographical map, will allow planners and city officials to use the
map for better land use. It is also designed to be used with FEMA’s loss estimation
methodology program, HAZUS.

The Commission recommends that the new series of maps for the State be assessed
and that scientific investigations be conducted to evaluate the viability of this scale of
mapping to be used for the largest metropolitan areas of the state closest to the New
Madrid Seismic Zone.

The development of the 1996 hazard maps under the National Earthquake
Hazards Reduction Program highlights the earthquake concern in southeast Mis-
souri. These maps are being used by the insurance industry and federal regulatory
agencies to make economic decisions affecting the State. The national maps do not
account for unique factors that modify expected earthquake ground motions in the
Bootheel.

The Commission recommends that the impact of these new maps on the State be
assessed and that scientific investigations be conducted to evaluate the assumptions
upon which these maps are based.

4. Acknowledgments

The Commission commends the support given to it by SEMA Director Jerry B.
Uhlmann and the assistance of Mr. Edward Gray of the SEMA staff. Missouri is for-
tunate to have these individuals watching out for the public’s safety.

The Missouri Seismic Safety Commission
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PROGRESS REPORT

Progress in Implementing Strategies

In its 1997 report A Strategic Plan for Earthquake Safety in Missouri, and its 1998 supplement,
Earthquakes and Missouri, Annual Report to the Governor, the Commission outlined 37 strategies
under five broad objectives for addressing the Missouri earthquake threat. One strategy under each
objective was identified for emphasis during 1997-1999. These are repeated here together with their

corresponding objective:

1. Increase Earthquake Awareness and Education: Increase earthquake

awareness among key individuals.

2.  Reduce Earthquake Risk through Mitigation: Promote adoption and enforcement of appro-

priate building codes.

3. Improve Emergency Response: Promote community emergency response teams (CERTSs)

statewide.

4. Improve Recovery: Identify earthquake resistant shelters.

5. Assess Earthquake Hazard: Develop a response team to evaluate post-

earthquake effects.

Progress has been made in implementing these strategies. The progress of some of these strategies
has been limited by the amount of involvement of the Commission or its constituent members. The
following provides examples of the progress made in the state since the issuance of our 1998 Annual

Report.
1. Progress in Education

Objective 1 of the Strategic Plan for Earthquake
Safety in Missouri is to increase earthquake
awareness and education. Three strategies have
been developed to do this. The first strategy tar-
gets the general public. The second strategy tar-
gets key professionals in critical fields, who
have the potential to raise earthquake aware-
ness among the general public and K-12 stu-
dents. The third strategy targets K-12 students.

Earthquake Awareness Week (EQAW) is the
centerpiece of this awareness effort, which is
recognized each year in Missouri during the
week of February 7. Preliminary plans for 1999
Earthquake Awareness Week included specific
days of that week dedicated to targeted audi-
ences. For example, Wednesday, February 3 was
selected as Engineering and Design Day. A spe-
cial technical program for engineers, architects,
and construction managers was planned.
Thursday, February 4, Business and Industry
Day, included a special program for decision-
makers in business and industry. Saturday,
February 6, was Educators and General Public
Day, which included special exhibits, demon-
strations, and handouts at the St. Louis Science
Center. A poster contest for K-6 students was
also developed and planned. Many of the
events scheduled for the 1999 Earthquake
Awareness Week were successful. Several in-

place organizations which offered to promote
elements of 1999 EQAW, either canceled, com-
promised, or failed their mission. As a result,
1999 EQAW was less successful than previous
years. The audience of key professionals in
business and industry was delegated to a group
in the St. Louis area. The program was success-
ful, but attendance at the Thursday, February
4th program was lacking. The statewide audi-
ence of K-6 (kindergarten through sixth
graders) was to have been offered participation
in an Earthquake Awareness Week Poster Con-
test. However, after several months of discus-
sion, the sought-after sponsoring organization
declined to provide leadership for the contest.
Development of the Poster Contest was com-
pleted by MSSC and assumed by the Center for
Earthquake Studies (CES) in Cape Girardeau
in September 1998.

The audience of educators and the general pub-
lic was well served by the event held Saturday,
February 6 at the St. Louis Science Center.
Booths were staffed by volunteers from the
Earthquake Engineering Research Institute
(EERI), the American Society for Civil Engi-
neering (ASCE), the Mid-America Earthquake
(MAE) Center, the State Emergency Manage-
ment Agency (SEMA), St. Louis University,
Washington University, Southern Illinois Uni-
versity at Edwardsville, and others. Hundreds



of people visited the booths and staffers that
day. This event was the most successful of all
efforts in the St. Louis metro region for Earth-
quake Awareness Week 1999.

Several other efforts in 1999 supported Objec-
tive 1. Some include:

* continuous announcements on NOAA
Weather Radio were requested from NOAA sta-
tion managers;

* radio interviews, via SEMA Public Informa-
tion Officer;

* newspaper articles, six via SEMA Public
Information Officer, one via Center for Earth-
quake Studies (CES); and

¢ presentations by CES staff, all in the south-
eastern part of Missouri.

Plans for Earthquake Awareness Week 2000 are
underway. A key resource was tapped success-
fully in late 1998. Dr. Michael Kramer’s Com-
munications 377 course at the University of
Missouri, Columbia, created a public relations
program for Missouri Earthquake Awareness
Week. Early in the fall semester, the students
and their professor met with a representative of
the Missouri Seismic Safety Commission to
learn about the earthquake issue in Missouri.
For a major part of their semester-long class
assignment, the students created radio and
television public service announcements
(PSA’s), ideas to implement earthquake aware-
ness in Missouri, and other materials. This
resulted in practical ideas, possible vehicles for
implementation for the MSSC as well as
resume-ready work experience for the students.

Because some of the momentum gained during
1997 and 1998 Earthquake Awareness Weeks
was lost in 1999, during 2000, the MSSC will
try to encourage some of the organizations to
redouble their efforts to promote Earthquake
Awareness Week. Initiatives for support to sev-
eral private businesses have already been sent
by the Public Information Officer of SEMA.
Earthquake Awareness Week 2000 will benefit
from the lessons learned in 1999.

The Mid-America Earthquake Center is devel-
oping new material for earthquake public edu-
cation of children. They are looking for schools
to fine tune the materials and the MSSC will be
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assisting them in testing the materials during
2000.

The Center for Earthquake Studies is still in
operation at South East Missouri State Univer-
sity and is going through another transition
period with a new Education Specialist. The
MSSC continues to support the joint effort
between SEMA and SEMSU to provide informa-
tion to the residents in the New Madrid Seismic
Zone.

2. Progress in Mitigation

Ten strategies for mitigating earthquake haz-
ards in Missouri were developed in the 1997
Strategic Plan. The top priority strategies
involve adopting codes and procedures for
designing and constructing buildings that are
earthquake resistant. The most cost-effective
way to do that is to design and construct new
buildings in accordance with the seismic provi-
sions of standard building codes.

While it appears that this is being accomplished
in the larger metropolitan areas, such as the
City and County of St. Louis and Kansas City, it
is not clear that this is the case with smaller
municipalities where the earthquake risk is the
greatest.

The Missouri Seismic Safety Commission is rep-
resented on the Governor’s Commission for the
Review and Formulation of Building Code
Implementation. The Chairman and Vice
Chairman of MSSC appeared before the Build-
ing Code Commission to support the common
goals of the two commissions.

Because of the risks to the transportation sys-
tem in Eastern Missouri, another priority miti-
gation strategy is to accelerate the program to
assess, retrofit and/or replace bridges that do
not meet current earthquake design standards.
Although this is the responsibility of the Mis-
souri Department of Transportation and steps
are being taken to achieve this objective, much
more work needs to be done. The MSSC co-
sponsored with MoDOT a very successful con-
ference for the DOT’s in the seven states that
comprise the Central United States Earthquake
Consortium (CUSEC). Follow on conferences
are being planned with the first in the autumn
of 2000.

The MSSC is beginning to assess the status of
earthquake design and construction practices in
the bootheel area of the state. This will be a
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focus of the Mitigation Committee’s activities in
the coming year.

3. Progress
Response

in Improving Emergency

The Community Emergency Response Teams
(CERTSs) continue to be a prime focus for the
Response and Recovery Committee recommen-
dations. The CERT training in the form of
train-the-trainers continue to be taught by the
SEMA Training Section. Many other state and
local agencies have started to integrate the
training into their curricula. The CERT train-
ing effectively organizes volunteers within a
community, neighborhood, or business; provides
them with rudimentary basic training in fire
safety, light rescue, disaster medical operations,
hazard inspection and other necessary services
that may or may not be available in the post-
disaster environment. The popularity of this
program is based on the assumption that in a
major multi-state disaster, help will be delayed
or diverted to the areas needing the greatest
amount of help, therefore, a trained cadre of
self-sufficient volunteers helping their neigh-
bors is a needed asset.

Of the many agencies adopting this program
three outstanding groups should be com-
mended:

Missouri Department of Transportation has
undertaken a program for CERT training at the
district level in all areas of the state with a
prime focus in the districts directly affected by
the New Madrid Fault.

The City of Cape Girardeau, in conjunction with
FEMA'’s Project Impact, has started to teach the
CERT training to citizens. They plan a mini-
mum of three courses in the next funding cycle.

Missouri SEMA has taught four CERT train-
the-trainers courses to 143 persons during
FY-99 and this led to the course being given to
over seven different groups with 107 people
trained at the local level.

During the past year, the following activities
also occurred:

o Boone County Urban Search and Rescue
was placed on stand-by for the earth-
quakes in Turkey, Taiwan, and Mexico.

o The Missouri National Guard has commit-
ted to rewriting their Earthquake
Response Annex to their operational plan.

. MoDOT, MONG, Motor Carrier and Rail-
way Safety and SEMA reviewed the use of
state aircraft for preliminary reconnais-
sance in the event of a disaster.

4. Progress in Recovery

During the past year, Missouri SEMA, in coor-
dination with the Central United States Earth-
quake Consortium, arranged for and taught a
train-the-trainer for the Rapid Visual Screening
of Buildings for Potential Seismic Hazards
(ATC-21). The training was held in Cape
Girardeau and Memphis, Tennessee. Over 40
persons were taught by specialists in the field of
engineering. In addition, a train-the-trainer
session was held in St. Louis where over 25 per-
sons from Illinois and Missouri were taught the
Post Earthquake Safety Evaluation of Buildings
(ATC-20 - SAVE Coalition). SEMA continues to
sponsor and teach this course at the local level,
training 173 volunteer architects and engineers.

With assistance from FEMA’s Project Impact
grant, the City of Cape Girardeau is installing
seismic protection valves at the Gordonville
Road Water Tank #1. The seismic system is
intended to prevent the rupture of the connec-
tions to the distribution system where the out-
flow pipe meets the tank. The valves will auto-
matically isolate these storage tanks from the
distribution system. This would minimize the
loss of treated water and reduce the risk of
cross contamination due to distribution system
failures in a seismic event. When completed,
Cape Girardeau will be the first community in
the Midwest with seismic protection valves on a
water storage tank. The city has plans to
install seismic protection valves at other vital
water storage tanks as funds become available.

Missouri Department of Transportation has
concluded that real-time  seismographic
research equipment should be installed in the
Bill Emerson Memorial Bridge at Cape
Girardeau. The equipment will measure the
stress, strain, vertical and horizontal forces
(movement) of the bridge during an earthquake.
The information gathered from this equipment
will be fed directly to the National Earthquake
Information Center in Golden, Colorado.
Results of this monitoring will be used to
improve the seismic design of bridges in the
mid-west. The Emerson Bridge is due to be
completed in 2003 and is designed to withstand
an earthquake of Richter magnitude of 8.2.



5. Progress in Hazards Assessment

The Geoscience Committee has been involved
with Strategic Plan issues in the past year.
The Objective 5 Strategies follow:

Strategy 1 - Mapping Geologic Hazards.
Strategy 2 - Real-time Earthquake Notification.
Strategy 3 - Geoscience Response Teams.
Strategy 4 - Generalized soil parameters.

The Geoscience Committee recommends to the
MSSC that additional funding be sought for
Mapping Geologic Hazards. DGLS will con-
tinue the mapping process, if funding is avail-
able from SEMA, CUSEC and federal sources.
The mapping effort is a first step at providing
estimates of earthquake hazard to communities
at risk. The committee recommends that
MSSC press for continued and increased fund-
ing for this effort. Insurance, agricultural, real-
estate and financial communities could greatly
reduce risk or apportion earthquake reduction
programs by this mapping.

A system for Real-time Earthquake Notification
is being deployed in California. This elaborate,
high-maintenance system being phased into
operation is the prototype for the Advanced
National Seismic System concept being pro-
posed for funding under the federal National
Earthquake Hazards Reduction Program. This
system would entail a quantum leap improve-
ment is the nation’s ability to rapidly assess the
scope of an earthquake disaster. Saint Louis
University will be a local component of the
national system.

DGLS has a useful plan to initiate Geoscience
Response to Missouri earthquakes. This com-
mittee has worked to:

* propose broad and flexible plan to get quali-
fied personnel in the field with equipment;

® recognize the limited, but important, require-
ment to assist with emergency response (pri-
marily through providing field data to SEMA);

¢ acknowledge that there is no single scenario
for response. Variables include large or small
events, epicenters within Missouri or just out-
side state boundaries, and assistance requests
by other CUSEC states;

¢ develop federal coordination or training with
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the state program;

* promote an exercise coordinated with a com-
munity earthquake activity (on paper but with
telephone contact of field personnel);

¢ inventory and develop equipment needs for
access and purchase over several years; and,

* secure funding for training/exercises, plan
coordination, and equipment.

The committee requests that DGLS consider
the following goals for the Geoscience Response
Teams:

Primary

® acquire temporal, geoscience data in the
meizoseismic area immediately following an
earthquake with available resources;

* coordinate with and report major findings
daily to SEMA and DGLS;

* be a facilitating body for a central, earth-
quake-data clearinghouse with government and
private researchers of acquired information and
locations of near-term study;

Secondary

* assist Missouri’s emergency response with
field data reports and other appropriate activi-
ties; and,

e aid SEMA and researchers, to a limited
extent, in gaining field access in high damage
areas.

Generalized soil parameters are being
researched on several scientific fronts.
Databases of actual soil types and algorithms
applying ground-motion for specified earth-
quakes will need more development. Develop-
ment of a soils database could be conducted if
an appropriate state lead were found. The
database could be assembled from federal, state
and local government information and from pri-
vate firms. Proper use of such parameters is
partly dependent on Strategy 1 - Mapping Geo-
logic Hazards.

Other Developments

In October, 1998, the Seismic Safety Commis-
sion participated via phone conference call with
the Missouri Insurance Information Service and
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the Missouri Insurance Coalition. Seventy-five
agencies or agents were represented and the
thrust of the presentations was to encourage
this group to make earthquake supplemental
insurance available to all residents of Missouri
that wanted or felt they needed it.

In September, 1999, Immediate Past Chairman
Robert B. Herrmann made a live presentation
to the same group in their general session.

In March, 1999, the Seismic Safety Commission
co-sponsored with Federal Highway Adminis-
tration and Missouri Department of Trans-
portation a three-day Seismic Highway Confer-
ence that was attended by 334 people from all
over the United States. The main thrust of this
conference was to determine if there was a sep-
arate need to develop a Central United States
specific design standard for highway bridges to
the American Association of Highway and State
Transportation Officials (AASHTO) standards.
The results of the conference yielded a commit-
ment by MoDOT to do further research into the
field. They further committed to make sure that
the new Emerson Memorial Bridge in Cape
Girardeau will be fitted with real-time seismic
monitoring to determine the need for a unique
bridge standard for the Central U.S.

At the request of FEMA, Former Commission
Chairman Greg Hempen attended a NEHRP
Seismic Workshop in Washington, D.C. in
September, 1999, for developing and imple-
menting the new National Earthquake Program
(NEP) for earthquake hazard research imple-
mentation and funding priorities.

The Seismic Safety Commission co-sponsored a
briefing on the recent earthquakes in Turkey
and Taiwan. The briefing was organized by the
firm of EQE International and was presented at
the St. Louis Art Museum on October 1, 1999.
The attendance was 225 architects, engineers,
public officials, emergency managers, collegiate
students, and industrial representatives. The
main presenter was Mr. Peter Yanev, founder of
EQE, and world renown seismic engineer.

Through its meetings and commissioner atten-
dance at special conferences, the Commission
has been assisting the Missouri Department of
Insurance in clarifying issues that affect earth-
quake insurance rates within the State. This
fostering of communication and sharing of
expertise is seen as a major purpose of the Com-
mission.

Highlights of Commission Meetings

1998-1999
February 5-6, 1998 at St. Louis

. David Hoffman, Department of Natural
Resources, Geological Survey - presented
evidence of new fault recently found in
Stoddard County.

o Commissioner Phyllis Steckel, Awareness
and Education Chair, announced the
Earthquakes Means Business Seminar will
be held the next day. Over 300 business
men and women attended at the St. Louis
Science Center.

o Mitigation Chair Wm. Durbin indicated
that the new Mississippi County Court-
house in Charleston, Missouri will be built
to seismic standards.

. MSSC Chair Robert B. Herrmann
announced that the new Mid-America
Earthquake Center will be based at the
University of Illinois, Urbana-Champaign,
but will have two programs directed out of
St. Louis by Washington University and
St. Louis University.

. Geoscience Response Teams are the pri-
mary focus of the Geoscience Committee.

May 27, 1998 at Jefferson City

. Commission as a Committee of the Whole
put the finishing touches on the Earth-
quakes and Missouri: Annual Report to the
Governor - 1998.

o Commissioner Steckel gave a full report
on the Earthquakes Mean Business Work-
shop and other activities of Earthquake
Awareness Week.

o Karla Snyder-Petty (Federal Highway
Administration) and Shayam Gupta
(MoDOT) made a presentation on the Mid-
America Highway Seismic Conference.
MSSC votes to be a co-sponsor of the Con-
ference.

. Mark Doerner of the Department of Insur-
ance asked the Commission to assist his
review of the Insurance Services Office
request to raise insurance rates by as
much as 400% in some parts of Missouri.

. Frank Dolan and Carl Finke (DNR-Solid
Waste Program) spoke on the licensing of
solid waste landfills in Southeast Mis-
souri.



October 8, 1998 at St. Louis

Dr. James H. Williams, DNR-DGLS, spoke
on the activities of the Association of
CUSEC State Geologists and their map-
ping program. They have changed their
focus to do detail mapping of FEMA spon-
sored Project Impact cities and this would
include Cape Girardeau, Missouri.

MSSC participated in a conference call
with 350 insurers attending the Missouri
Insurance Information Service/Missouri
Insurance Coalition.

Dr. Williams gave an overview of the Mis-
souri Dam Safety Program that is domi-
ciled in his department.

November 19, 1998 at Columbia

Jason Ramsey of the Governor’s Office
reported on the new appointments to the
Commission.

Mark Doerner - Dept. of Insurance, John
Reynolds - Insurance Services Office,
Richard Brownlee -Attorney for ISO, and
Don Windler of Risk Management Solu-
tions presented their ideas on computer
modeling for determining loss estimation
for basis of the new earthquake insurance
rates.

Nominating Committee recommended
that William L. Durbin be elected chair-
man of the Missouri Seismic Safety Com-
mission. Dr. Phillip L. Gould was
retained as Vice-Chairman; Marie Collins
as Secretary and Thomas R. Schweyte as
Treasurer.

Students from University of Missouri gave
presentations as part of their Communica-
tions’ class on ideas for Earthquake
Awareness Week.

March 19, 1999 at Jefferson City

Reception was held for new Commission-
ers; Susan I. Green/American Red Cross;
Pamela J. Nunn/Jefferson County Emer-
gency Managment; and Thomas C. Roe-
seler/NationsBank of St. Louis. Theodore
Pruess of EQE International joined in
May, 1999 representing the Structural
Engineering.

New officers were elected following the
recommendation of the Nominating Com-
mmittee.
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MSSC voted to seek funds to hold a Seis-
mic Advisory Group meeting in St. Louis
in conjunction with the EERI meeting in
May, 2000.

June 7-8, 1999 at St. Louis

Mark Doerner gave update on the Insur-
ance rate increases. He has asked that
the MSSC provide technical assistance if
he develops his own loss estimation
methodology to verify the ISO proposals.

MSSC Commission voted to endorse the
adoption and funding of the Advanced
National Seismographic System.

Staff member Edward S. Gray gave a
report on the SAVE Coalition activiation
for the Fredericktown, Missouri flood of
April 3, 1999.

Mr. Dan Doogan of LOOS & Company
made a presentation on seismic restraints
for earthquake resistant designs.

October 21-22, 1999 at Cape Girardeau

Mitigation Committee met with local
building officials to determine status of
building code implementation and inspec-
tion services.

MSSC presented plaque to FEMA Liaison
Joe Rachel who accepted position in
Atlanta, Georgia with FEMA Region IV.

City of Cape Girardeau (Ken Eftink, Lloyd
Heberlie and Terry Falk) made a presenta-
tion on Project Activities in the City of
Cape Girardeau. They also made a pre-
sentation on HAZUS, the FEMA spon-
sored loss estimation methodology.

Commissioner Phyllis Steckel presented
an overview of the Governor’s Commission
on Review and Formulation of Building
Code Implementation.

Commissioners toured the English Hills
(Benton Hills) faulting along the Com-
merce Lineament with members of the
Cape Girardeau Project Impact Team.
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EARTHQUAKE INFORMATION ON THE INTERNET

The Internet is an information tool for everyone, especially for students. The information that
one finds may be very current, but may lack detail and even be in error. It is important that one use
more than one data source to research a subject.

The large earthquakes in Turkey in August and November of 1999 and in Taiwan in September
caused major destruction. If you desire information and even photographs as soon as you hear about
the disaster, access a major Internet service. The main page of http: www.yahoo.com has a link to
News: http: dailynews.yahoo.com where you will find today’s headlines.

If you wish to learn about basic earthquake science enter the Science categories at
http:  www.yahoo.com .

The following tabulation will start you on your way to learning more about earthquakes:

American Red Cross - What to do during an earthquake
http: www.redcross.org disaster safety guide earth.html

Introduction to Earthquakes - Lecture notes and links
http:  www.eas.slu.edu People CJAmmon TML Classes Intro uakes99 EAS19 [ ome.html

EMA for IDS - Information, projects
http: www.fema.gov kids quake.htm

Earthquake Hazards and Preparedness - Good links and information
http: quake.wr.usgs.gov ha prep

E E - Information and photos
http: www.eqe.com inde .html

ational Earthquake Information Center - The USGS people who locate big earthquakes
http: earthquake.usgs.gov

Seismological Society of America - Education links
http: www.seismosoc.org

olcano Page - Photos and animations
http:  www.aist.gojp GSJ jdehn v-home.htm

E E -Earthquake Information Network
http: www.eqnet.org

S unded Earthquake Centers
http: mae.ce.uiuc.edu
http: peer.berkeley.edu
http: meceer.buffalo.edu default.asp
http: www.scec.org

Robert B. Herrmann
Charles J. Ammon
Saint Louis University
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READINGS IN EARTHQUAKE HISTORY AND SCIENCE

eneral Earthquake References:
Introductory Te ts on Earthquakes

Bolt, B. A., Inside the Earth - Evidence from Earthquakes, W. H. Freeman and Company, New York,
191 pages, 1982.

Bolt, B. A., Earthquakes, W. H. Freeman and Company, New York, 331 pages, 1993.

Bolt, B. A., Earthquakes and geological discovery, (Scientific American Library), New York, 229
pages, 1993.

Brumbaugh, D. S. Earthquakes, Science and Society, Prentice Hall, Englewood Cliffs, New Jersey,
251 pages, 1998.

Kovach, R. L., Earth s Fury, An Introduction to Natural a ards and Disasters, Prentice Hall, Engle-
wood Cliffs, New Jersey, 214 pages, 1995.

Gere, J. M., and H. C. Shah, Terra Non Firma, nderstanding and Preparing for Earthquakes, Stan-
ford Alumni Assiciation, Stanford, California, 203 pages, 1984.

Richter, C. F., Elementary Seismology, W. H. Freeman and Company, San Francisco, 768 papers,
1958

Advanced Te ts on Seismology and Earthquakes

Lay, T., and T. C. Wallace, Modern Global Seismology, Academic Press, San Diego, California, 517
pages, 1995.

Scholtz, C. H., Mechanics of Earthquakes and Faulting, Cambridge University Press, Cambridge,
England, 439 pages, 1989.

ew Madrid Speci ¢ Pu lications

Fuller,M. L., The New Madrid Earthquake (A Scienti ¢ Factual Field Account), U. S. Geological Sur-
vey, 120 pages, 1912.

Penick, J. L., The New Madrid Earthquakes (Revised Edition), University of Missouri Press,
Columbia, Missouri, 176 pages, 1981.

Bagnall, N. H., On Shaky Ground, The New Madrid Earthquakes of 1811-1812, University of Mis-
souri Press, Columbia, Missouri, 113 pages, 1996.

Charles J. Ammon
Saint Louis University
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MISSOURI'S EARTHQUAKE ZONES

Since 1990, when Iben Browning drew national
media attention to Missouri by predicting a
large earthquake might occur on the New
Madrid fault, many Missourians have been
aware that Missouri has some potential for
being shaken by an earthquake. Geoscientists
have long known about this potential and have,
for many years, been investigating the earth-
quake threat in and around Missouri to the
extent that funding has been available. Partly
due to the Browning prediction, which caused
increased public awareness of the earthquake
risk in the central United States, but also due
to media coverage of devastating earthquakes
elsewhere in the United States and around the
world, increased earthquake studies have been
undertaken in Missouri and the central United
States. These investigations have shed new
light on the earthquake risk in Missouri and
have shown that the New Madrid seismic zone
is not the only threat.

ew Madrid pdate

Seismic activity in the New Madrid seismic
zone continues to be monitored by Saint Louis
University and the University of Memphis. An
updated monitoring network is in the process of
being installed with funding support from the
U. S. Geological Survey. Access to recent and
historical earthquake data is now readily avail-
able to the public as well as scientist via Inter-
net World Wide Web sites at Saint Louis Uni-
versity:

http:  www.eas.slu.edu Earthquake Center

the University of Memphis

http: www.ceri.memphis.edu

and the U. S. Geological Survey
http: earthquake.usgs.gov neis states

missouri missouri.html
http: gldss7.cr.usgs.gov

Small earthquake activity detected in the New
Madrid seismic zone continues to average more
than one earthquake every other day. Scattered
earthquakes outside of the New Madrid seismic

zone also continue throughout Missouri with
highest concentrations in the eastern half of
southern Missouri and adjacent southern Illi-
nois.

A study by the University of Memphis using a
temporary array of portable seismographs to
more precisely locate small earthquakes has led
to a better understanding of the three-dimen-
sional geometry of some of the major faults in
the New Madrid seismic zone. The northeast-
southwest oriented, northern and southern
fault segments are nearly vertical faults moving
primarily with a sideways or strike-slip motion
(when facing the fault the near side moves to
the left and the far side moves to the right).
The northwest-southeast oriented central fault
segment slopes at a relatively shallow angle
into the ground toward the southwest and is in
compression. This segment is a reverse or
thrust fault with the southwest side moving up
and over the northeast side. How such a com-
plex system evolved and is likely to react in the
future is not well understood.

Paleoseismology studies, the study of prehis-
toric earthquakes as preserved in geologic
materials, have shed additional light on the fre-
quency and magnitude of earthquakes in the
central United States. In the New Madrid area
earthquakes cause the extensive deposits of
water-saturated sandy soils to liquefy when
shaken and thereby create sand blows (similar
to small muddy geysers) and other features that
have been preserved in the ground. Paleolique-
faction investigations have located and dated,
using radiocarbon dating and archaeological
materials, a significant number of these fea-
tures over a large area. By correlating the age
and distribution of these features an estimate of
the timing and magnitude of prehistoric earth-
quakes can be made. Recent studies by the
University of Maryland, the U. S. Geological
Survey and others indicate large magnitude 7-
to 8-size earthquakes, similar to those of 1811
and 1812, occurred at about 900 AD and 1530
AD. This suggests the recurrence interval for
an earthquake of this size is about 300 to 500
years.

Ground movement or deformation studies by
several groups, including Northwestern
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Selected earthquakes and potential source
areas affecting Missouri

University, University of Missouri, University
of Memphis, and Stanford University, have
recently been initiated using the Global Posi-
tioning Satellite (GPS) system to precisely mea-
sure deformation in the New Madrid area. Pre-
liminary published results have varied, but
have tended to show a low level of strain accu-
mulation. Controversy has been generated over
how to interpret these measurements. Some
people have interpreted these results to indicate
that either smaller or less frequent large earth-
quakes have happened near New Madrid than
has previously been accepted. This would lower
the earthquake risk near New Madrid, but not
elsewhere in the region. Others think this con-
clusion is premature considering the other con-
flicting data such as the previously mentioned
paleoseismology data. Only with additional
data collection and studies in the future will
this matter be resolved. In the meantime, there
is still a need for a defensible public policy for
how the government and citizens are to deal
with the earthquake threat. Regardless of size
and frequency, the risk exists, and major dam-
age and economic loss is possible.

Commerce eophysical ineament

Recent geophysical studies by the U. S. Geolog-
ical Survey have identified a deeply buried (a
mile deep or greater) feature in the ancient
rocks underlying the central United States.
This feature, named the Commerce Geophysical
Lineament (named after the Commerce fault,
which in turn is named after the town of Com-
merce, Missouri), was identified based on the

magnetic and gravity signatures of these old
rocks and is thought to represent a deep-seated
weakness in the Earth’s crust similar to the
Reelfoot Rift that hosts the New Madrid seismic
zone. The northeast-southwest trending Com-
merce Geophysical Lineament passes through
southeast Missouri about 30 miles to the north-
west of the New Madrid seismic zone. It
extends southwestward to near Little Rock,
Arkansas and northeastward to central Indi-
ana. Several studies in Missouri have associ-
ated near surface features showing geologically
recent earthquake activity with the lineament.

On Crowleys Ridge in the Benton Hills of Scott
County, Missouri, trenching and seismic reflec-
tion studies by the Missouri Department of Nat-
ural Resources’ Geological Survey Program, the
U. S. Geological Survey and the University of
Missouri - Rolla have documented several sites
where geologically recent fault movements have
occurred. At the intensively studied English
Hill site, trenching investigations have been
interpreted to show two or three periods of
faulting with associated earthquakes in about
the last 10,000 years. Several periods of even
older fault movement have also been inter-
preted. Reliable data do not yet exist to esti-
mate the magnitude of these earthquakes.
However, large fault offsets and evidence of sur-
face rupture suggest a minimum of magnitude 5
to 6, but probably higher. Seismic reflection
geophysical surveys, using reflected waves of
vibrations sent into the ground to produce an
image of the underground layers and faults,
have confirmed that surface features found in
the trenches are connected to faults deep in the
bedrock, and have been repeatedly activated
throughout vast amounts of geologic time.
Numerous seismic reflection surveys along the
straight southeast flank of the Benton Hills
have shown intense faulting above the trace of
the Commerce Geophysical Lineament, suggest-
ing a relationship between the lineament, the
intermediate depth faulting and the surface
faulting. Many of the imaged faults show dis-
placement of the youngest geologic materials
observable. The town of Commerce, located on
the Mississippi River at the south edge of the
Benton Hills, is the site of the Commerce fault
and is close to three other sites where young
faulting has been documented. The largest
earthquake in Missouri in the last 10 years was
located in the Benton Hills near the Commerce



Geophysical Lineament. This was the Septem-
ber 26, 1990, magnitude 4.6 earthquake that
happened during the Iben Browning incident.

About 40 miles to the southwest along the Com-
merce Geophysical Lineament is another paleo-
seismology site referred to as Holly Ridge. This
site is located in the Bloomfield Hills, also on
the southeast flank of Crowleys Ridge and
directly above the lineament. At this site,
which has only had a preliminary investigation
by the Missouri Department of Natural
Resources’ Geological Survey Program, cut
bank exposures show complex multistrand
faulting in very young deposits. Large fault oft-
sets postdate the youngest geologic unit, which
is less than about 10,000 to 12,000 years old.
Because of the site location on a hillside and the
preliminary nature of the initial investigation,
the tectonic (earthquake) origin of these faults
has not yet been verified. A landslide origin is
also a possibility. However, a seismic reflection
survey about 1.5 miles to the northeast along
the lineament trend shows tectonic faults in the
youngest imaged deposit, which lends support
to the argument for a tectonic origin.

Ranging from about 20 to 30 miles farther to
the southwest along the Commerce Geophysical
Lineament are several paleoliquefaction sites
that can not be attributed to New Madrid seis-
mic zone earthquakes. At the southern end of
this range, near the town of Qulin and the Mis-
souri-Arkansas border, another seismic reflec-
tion survey has shown faulting above the linea-
ment in the youngest deposits imaged.

In Arkansas along the Black River, additional
young paleoliquefaction sites have been found
above the lineament. In 1982, a swarm of hun-
dreds of small earthquakes occurred near
Enola, Arkansas, which is also near the linea-
ment. The largest earthquake in the central
United States this century, a magnitude 5.5
quake, occurred on November 9, 1968. It was
located in southeastern Illinois near the Com-
merce Geophysical Lineament. Along the
Wabash River valley separating Illinois and
Indiana, and along its tributaries in west cen-
tral Indiana and southeastern Illinois, a large
number of paleoliquefaction sites have been
located and studied. These studies indicate
that several large earthquakes have occurred in
the last 10,000 years in that area, which is also
located near the lineament.
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All of this suggests the Commerce Geophysical
Lineament is another earthquake source zone
that needs to be considered when evaluating
earthquake risk in the central United States.
This has been done by the U. S. Geological Sur-
vey in preparing their latest seismic risk maps
for the United States. The lineament is closer
to most Missouri cities than the New Madrid
seismic zone. It is about 75% closer to Cape
Girardeau and Poplar Bluff and about 25%
closer to St. Louis.

A new paleoliquefaction study report by the
University of Maryland that was funded and
published by the U. S. Nuclear Regulatory
Commission has just been released. The study
area was along the Mississippi River and its
tributaries from Cairo, Illinois, to St. Louis,
Missouri. Paleoliquefaction features were
found in several areas including along the lower
Meramec River just south of St. Louis and along
the Kaskaskia River in Illinois east of St. Louis.
Preliminary age dating of the features has had
only limited success resulting in poorly con-
strained and overlapping age ranges. Also, the
liquefaction susceptibly of the sediments has
not yet been evaluated in detail. This results in
several possible earthquake scenarios, which
could explain the current data. These include a
magnitude 7 earthquake about 40 miles east of
St. Louis about 6,500 years ago or two separate
earthquakes of about the same age with one
being a magnitude 6 about 40 miles east of St.
Louis and the other being a magnitude 5 in the
south part of metropolitan St. Louis.

Earthquakes of these sizes located close to St.
Louis could do much more damage in St. Louis
than a much larger quake located in the more
distant New Madrid seismic zone. For compari-
son, the November 9, 1968, magnitude 5.5
earthquake in southeastern Illinois was 100
miles from St. Louis, but even it caused some
minor structural damage in St. Louis. As a
reminder that St. Louis in not immune from
earthquakes, a magnitude 2.4 quake struck
near Fenton on the Jefferson - St. Louis County
border on January 15,1998. This earthquake
was felt over a large area of south St. Louis
County and northeast Jefferson County.

orthwest Missouri

Western and northwestern Missouri are not
immune from earthquakes just because they
are located so far from the New Madrid seismic
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zone. Another buried feature named the
Nemaha uplift and its associated Humbolt fault
stretch from central Oklahoma to southeast
Iowa across eastern Kansas and southeastern
Nebraska. An elevated level of small to moder-
ate earthquakes occur along this trend. Moder-
ate earthquakes near Topeka, Kansas, in 1867
and 1906, caused Modified Mercalli Intensities
VIII and VII, respectively, in the epicentral area
and Intensities VI and IV, respectively, in both
Kansas City and St. Joseph, Missouri, with val-
ues of VII and V, respectively, at points in Mis-
souri between those cities. Intensity VII can
cause considerable damage in poorly built build-
ings and slight to moderate damage in well-
built buildings. Three small earthquakes have
been felt in northwestern Missouri is the last
five years. On May 13, 1999, a magnitude 3.0
earthquake located in Kansas City, Kansas,
caused damage to two medical buildings there,
and it was felt in Kansas City, Missouri. On
February 11, 1995, a magnitude 3.1 quake
shook Nodaway County and Maryville, Mis-
souri. On March 31, 1993, a magnitude 2.9
earthquake struck near Nemaha, Nebraska,
along the Missouri - Nebraska border, very close
to the Cooper nuclear power plant on the Mis-
souri River. This quake was felt in St. Joseph,
Missouri.

Central to Southeast Missouri

Central Missouri, near Camdenton and Lake of
the Ozarks, was shaken by a magnitude 3.1
earthquake on January 21, 1992. Earthquakes
in this part of the state are rare but they do
happen. As one proceeds southeast from cen-
tral Missouri, earthquake frequency increases
significantly to a moderate level, but is still well
below the frequency of the New Madrid seismic
zone. Over the years numerous earthquakes in
the range of magnitude 3 to 5 have been located
here. Small to moderate future earthquakes
should be expected.

Education and Preparedness Overcomes
orry

Being aware of the earthquake threat, under-
standing the consequences and being willing to
undertake preventive measures can greatly
reduce the damage and economic impacts
caused by an earthquake, even a large earth-
quake. Poorly constructed man-made struc-
tures are the main source of earthquake dam-
age, casualties and economic losses. These are

preventable with proper knowledge and actions
and frequently have only a modest cost, espe-
cially where new construction is being done.

The good news is that most homes have wood
frame construction that is relatively earthquake
resistant. Your home therefore is usually the
safest place to be in an earthquake. Larger
buildings, especially reinforced concrete frame
and masonry structures, where people work and
congregate are usually more susceptible to
earthquake damage and therefore require
greater engineering care in design and quality
control in construction. These structures can be
made safe by paying close attention to the
details and at a relatively modest cost when
included at the time of construction. Strict
adherence to building codes and their seismic
provisions can make these structures more
resistant to damage. They can also be designed
to remain functional after an earthquake, which
can prevent major economic impacts from busi-
ness interruption and consequent loss of jobs.

Investigation and discussion of earthquake
problems should not be considered a threat to
attracting and keeping business and industry or
to development and growth. Education and
understanding is the key to success. Most
responsible businesses would prefer to know
about potential problems and have a plan for
resolving them rather than being caught by sur-
prise and unprepared, which could put them out
of business. California and Japan have a lot
more earthquakes than Missouri but businesses
go there and stay there, they just take adequate
precautions to survive an earthquake. A dam-
aging earthquake can happen almost anywhere
so moving to a different area will not ensure
escape and may put you at risk to other perils.
Not all faults that cause earthquakes are
known. This has been demonstrated by recent
devastating earthquakes in California and
Japan on unknown faults. Awareness and
preparation are the best defense.

David Hoffman

Geologist

Missouri Department of Natural Resources
Geological Survey Program



Excavating Old Quarry trench at English Hill.
Note two faults visible in the right trench wall
just to the right of the crawler-loader. Faults
are less than about 10,000 years old.
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Close view of trench wall showing one of many
faults at English Hill. Fault extends from top
center-right to bottom left corner. Note approxi-
mate 2-foot vertical offset of soil layers, with
left side down relative to right side (e.g. dark
soil layer at top right should align with dark
soil layer at left center). Faulting offsets, and
therefore is younger than, the Peoria silt.
Deposition of Peoria silt ended about 10,000 to
12,500 years ago. The largest direction of fault
movement is thought to be horizontal (into or
out of the picture) not vertical.
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Liquefaction caused sand dike cutting through
clay and silt deposits exposed in the west bank
of Dudley Main Ditch. Note that the sand dike
has the characteristic taper of liquefaction
dikes, larger near the bottom source area to
smaller at the top where it was trying to erupt
onto the ground surface. Age of dike is poorly
constrained between 22,700 and 3,750 years
old.

One of many faults at Holly Ridge site. Fault
extends from upper left to lower right of the
approximately 15-foot high cutbank. Wilcox
sand is on the left and Peoria silt is on the
right. Vertical offset component of faulting is
greater than 30 feet. Age of faulting is younger
than about 10,000 years.
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MODERN BROADBAND
EARTHQUAKE MONITORING:
SAINT LOUIS UNIVERSITY

Seismic Monitoring

Earthquake monitoring in Missouri and
neighboring states is a cooperative multi-insti-
tutional effort. Participating groups include the
University of Kentucky, the University of Mem-
phis, Lamont-Doherty Earth Observatory of
Columbia University, the U. S. Geological Sur-
vey, and Saint Louis University. Instrumenta-
tion operated by the University of Memphis pri-
marily monitors earthquakes in the New
Madrid Seismic Zone and is capable of locating
very small events. The University of Kentucky
and LDEO emphasize on-scale recording of
large New Madrid events. Saint Louis Univer-
sity also contributes to the monitoring of New
Madrid earthquakes, but their specific role is to
monitor earthquakes in the broader central U.
S. region. Saint Louis University and the Uni-
versity of Memphis are jointly responsible for
the Cooperative New Madrid Seismic Network
(CNMSN). In addition to having different sen-
sitivities, the instruments deployed by various
groups sample different frequencies of ground
motion and may have triggered or continuous
recording.

road and etwork

Saint Louis University, in their contribution
to both the CNMSN and broader regional moni-
toring, has focussed on broadband, high
dynamic range continuous recording. The
accompanying figure shows proposed and exist-
ing locations of broadband stations in the
region.

The unique aspects of SLU broadband sta-
tions are its use of modern communication tech-
nology, satellite communication and the Inter-
net, and cooperation with regional universities.
Because the Internet provides relatively inex-
pensive data transfer, some of the instruments
are being deployed at wuniversity facilities.
Deployment in populated regions, even though
higher cultural noise can be high, is especially
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ACTUAL AND PLANNED BROADBAND STATIONS (15 Nov 99)

Broadband stations are operating at CCM
(IRIS), O F (USNSN), WVT and WCI (Bil-
liken/lUSNSN), and SLM, BLO, UTMT, MPH,
PLAL, SIUC and UALR (CNMSN). The sites at
FVM is ready for installation, and that at
PVMO will be prepared soon.

important since we are interested in the larger
earthquakes that will shake communities. The
cooperating universities are the University of
Indiana (BLO), Southern Illinois University at
Carbondale (SIUC), the University of Memphis
(MPH), the University of Tennessee at Martin
(UTMT), and the University of Arkansas Little
Rock (UALR).

The purposes of the broadband deployment
are to:

* Record significant earthquake (M 3)
motions on scale for source and ground motion
studies

* Surround significant earthquakes with sev-
eral broadband stations to obtain improved
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Example of daily seismogram available on the
WWW. This is the M 7.1 Turkey earthquake
of November 12, 1999 recorded at St. Louis.

source parameters

* Provide research data that will improve our
understanding of the seismogenic crust which
permits large earthquakes

* Provide near real-time notification to local,
state and federal agencies, and to

e Archive and document the continuous data to
permit future research.

Recent Efforts:
During 1999, we

e continued to add stations to the broadband
network,

® overcame the August, 1999 GPS epoch prob-
lem that affected our timing by the purchase of
new GPS receivers,

e upgraded data acquisition software which
also addressed Y2K problems,

¢ implemented a data transfer mechanism that
simultaneously transmits all signals to the
NEIS of the U. S. Geological Survey so that
they can enhance their capability for rapid
earthquake location and notification in the
CUSEC area. This proved valuable for the
Kansas City event on May 13, 1999

Plans:
During 2000, we need to

¢ upgrade the broadband sensors at some sta-
tions

* harden our communication links, so that we
can

® provide reliable automatic rapid earthquake
location and notification for the region

¢ develop the capability to archive approxi-
mately 30Gb data annually.

Commitment

The function of the Saint Louis University
Earthquake Center is to serve the public by pro-
viding basic information, the scientific commu-
nity with quality data for research and govern-
ment agencies with near real-time locations. A
mechanism for providing this service is through
use of the World Wide Web.

Further information on the broadband net-
work, on reporting felt earthquakes or of recent
earthquake recordings is available from the
Saint Louis University Earthquake Center on
the World Wide Web:

http: www.eas.slu.edu Earthquake Center
or by Telephone: 314 977 2236.
R. B. Herrmann

B. J. Mitchell
Saint Louis University Earthquake Center



