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PREFACE

At the request of the Science Advisar to the President this
plan presents options for augmenting the earthquake related research
programs of the Department of Interior/U.S. Geological Survey (USGS)
and the National Science Foundation (NSF). It was prepared by an
external Advisory CGroup on Earthquake Preédiction and Hazard Mitigation
and 2 special siaff planning group from USGS and NSF.

In focusing on the programs of these two agencies we would be
remiss in not pointing out the importance of related activities of
other agencies which we assume will continue and be streagthened.
We have sought their commenis on this plan and received valuable
inputs from them. These other Departments and Agencies include the:

Depariment of Interior
Bureau of Reclamation

Department of Housing and Urban Development
Fedeval Disaster Assistance Administration
Federal Insurance Administration

Depariment of Commerce ‘ .
National QOceanic and Aimospheric Administration
National Bureau of Standards
Department of Defense
Advanced Research Projects Agency
Defense Civil Preparedness Administration
Corpe of Engineers

Department of Transportation
Federal Highway Administration

General Services Administration
Federal Preparedness Agency

National Aeronautics and Space Administration
Energy Research and Development Administration
Veterans Administration

Nuclear Regulatory Commission

h






Table of Contents

Page
I. Introduction ——- - 1
¥I. Measures for Mitigating Earthquake Effects - 17
A. Possible Mitigation Measures - What can we do? —-——-m——er 17
B. Current Mitigation Practices - What are we doing? —--—=——- 19

C. Dependence of Mitigation Measures on Technological
Imformation - What might we do better? - 23

D. Status of Technological Information Required for

Mitigation - What do we know? o e 24
ITI., Program Options 32
L. Program Objectives -— 32
B. Program Elements 33
1. Fundamental Earthquake Studiles - 37
2. Prediction --- -——= 48
3. Induced Seismicity 61
4, Hazards Assessment - 67
5. Eagineering 75
6. Research for Utilization : 91
IV. Utilization of Program Results , : 105
References —-— 108

Appendix 1 109

I






1. Intreductioan

A, The Nature of the Earthquake Problem

The popular conception of earthquake hazard in the United States
limits it to the Pacific Coast, especially California, and to such well-
known earthqguake disasters as the ones at San Francisco in 1906, Long
Aeach in 1933, southern Alaska in 1964, and San Fermando in 1971. But
major earthquakes are by no means unknown to the rest of the country.
Zarthquakes occurred in the $t. Lawrence River region on several occa-
gions from 1650 to 1928, in the vicinity of Boston in 1755, in the Central
Mississippi Valley at New Madrid, Missouri im 1811 and 1812, in Charleston,
South Caroclina in 1886, and at Hebgen Lake, Montana in 1259. Known

damaging earthquakes in the United States through 1970 are shown in Figure 1.

"7 Because of the extensive deveigpmehériﬁwthis centufg; recurrence
of a great earthquake would result 1n much greater damage and loss.
Another catastrophic San Francisco earthquake, for example,; could cause
iosses in the tems of billions of dollars. Clearly, earthquakes now pose
an increasingly costly threat to the local and national community.

What's more, carchquakes aifect human beings and their activities
over widely spread areas. The San Francisco quake was felt over a
400,000 square mile area; the quakes at Charleston, New Madrid, and along
the St. Lawrence were felt over an area of 2 million square miles. And
in 1973, earthquakes were felt in 34 states. This last figure may be a
better index of the extent of earthquake hazard in the United States.
A recent study suggests that all or portions ofmgghiﬁates lie in regions
of major and moderste visk —— with a combined population in 1970 of

more than 70 miilion persons. Current construction investmenis are

estimated at approximately 5150 billiom ver vear of which about $50 billion



per year is for construction located in high and woderate seilsmic vegions
of the country, and this cusulative investment neads protaction.

Fortunately, a damaging earthauake at a given

rare event in this country. perhaps that is why the averag

loss from earthquakes is velatively low. During the past centurv, 1t

bas amcunied to sbout $30 willion per year Howsver, historical data
can be misieading. The dews of dense popularions in seismically

hazar

s reglons, for oxample, Is a relatively omenon in the

United States. Lf such develepment continues tes of the average

loses for the rest of this century vesulting from earvihguakes could exceed

§1 piliion per year 2t al., 1974 lose References, . 1081).

ul

[}

Earthquakes e in substantial properiy damase since 1860 are

listed in Tablie 1. The

terms of then~current dollars and 4o not vepressni pregsent inflated
values. BDeaths from U.S. sarthouakes are shown in Table Z. It should
be noted that property damsge and loss of life ave only two aspects of
loss due to earthguakes. Other losses include injuries, economic loss
due to casualtiez, loss of income due to business disruption, ceost of
emergency operations, and so on. There is little available data on the
extent of these indirect cests of earthquakes. They most certainly

exceed the direct costs.

I



Losses from earthquakes ave not limited to the direct effects of
faulting and shaking. The seismic seawaves, or tsunamis, often associated
with large submarine or coastal zone earthquakes can cause great damage
by inundation and wave impact on shorelines thousands of miles from
their source, as well as on shorelines near the epicenter cf ihe earth-
quake that produces them. For example, Hilo, Hawaii suffered extensive
damage from & tsunami gepnerated off the Chilean coast in 1960. Table 3
lists damage and loss of life from tsunamis affecting the United States.

Zones of earthguake vulnerability are shown in a general way by
seismic risk maps {(Fipure 2, conterminous United States; Figures 3 and
4, Alaska and Hawaii). Risk zone levels, ranging from 0 (no damage) to
3 {major damage)}, are defined 1n the legend of Figure 2. The distribu-
tion of population and states by risk zone is summarized in Table 4.

Saveral events oif the past year orx so have brought remewed attention
to the threat of earthquakes. On February 1975 a major earthguake of
magnitude 7.3 destroyed the town of Haicheng in the Peoples Republic of
China and damaged dndusirial plants. Chinese scientists actually predicted
this earthquake. The population was removed from hazardous buildings and
only a few were killed even though 1 millicn people live in the area.
According to recent reports Chinese scientists successfully predicted
earthquakes in May 1976 (Yunnan Province) and August 1976 (Szechwan

Province) and endangered people were evacuated from hazardous structures.



The Chinese, however, did not predict accurately what may be one of the worst
earthquakes in this century, that struck the Tangshan-Tientsin region of north
China on July 27, 1976. Other disastrous earthquskes have sitruck Guatemala,
Italy, Western New Guinea, Baiil and Mindanao in the Philippine Islands in 1976,
This year will be recorded as possibly the worst, and cevtainly one of
the worst, years in this century for deaths due to earthguakes.

In the Los Angeles area, Geological Survey scientisis reported an
uplife of the earth's crust along a section of the San Andreas Fault that
has been relatively guiet since a great earthquake im 1857. This uplift
is not unecessarily an earthguake precursor, since such upliftis are not

always followed by a malor sarthguake, but it Is cause for concern.

While there are vnderstandable disagreements as to priorities
within Federal earthquake research efforts, there is no disagreement
regarding the probability of a very high payoff of a well-planned
research program. There is now an overwhelming concensus among workers
in earthquake-related research {e.g.. seismologiste, geologists, engin-

eers, social scientists) that we are ready to make substantial progress



toward relieving the threat from earthquakes. In addition, there is
general agreement that we have adequate professional and technical per-
somnel to undertake additional efforts should greater funding levels be
made available.

Whiie beth public and private decisions and resource commitments

are difficult in problem areas such as earthquakes because while they
can be catastrophic they have a relatively low probability of occurring
in a specific location over short periods of time, it is important to
recognize that:

a. Decisions are being made continuously regarding the location
and design of earthquake-sensitive facilities that require judg-
nents about seismic hazards and knowledge that are not adequately
available; and,

b. government and private groups spend a great deal of money on
relief of earthquake disasters; thereforeg it is in our national
interest to seek effective ways to mitigate these disasters.

B. Some Recent Actiomns

_Early last winter, these items and recent earthquakes in other parts
of the world were brought to the attention of the President by several
means. The Presidential sclence advisory committees known as the Baker-
Ramo Committees;, then examining new opportunities in science, determined
that the area of earthquake hazard reduction might be an area where in-

creased vesearch could be especially beneficial. Discussion of this



subject among officials of the Executive Branch was being undertaken at
about the time that extensive land vplift in southern California centered
on Palmdale was first reported; In response to this situation, it was
decided to reprogram 2.6 million dollars in research funds of the USGS

and NSF, of which 2.1 million dollars is to monitor the uplift and 0.5
miilion is to partially restore reductions in the USGS earthquake hazard
reduction program. Whether this uplift is a premonitor of an earthquake
i1s as yet unclear. The research toe be undertaken by the Geological Survey
and non-govermment research organizations is intended ¢¢ help determine

whether this is indeed the case, and to evaluate the potential hazard.

The growing prospects for earthquake prediction, based in part on
the still tentative experience of the Chinese, Japanese, and the Soviets
suggest that in coming decades we may have a capability to predict esrth-~
quakes in the United States. The achisvement of prediciion will depend
largely on the capability and capacity of our scientists to obssyve
and iInterpret premounltory effects. Lt should be noted, however, that
local communities and State governments need to make changes in their
land use and building codes to reduce earvthguake vuinerabllity 1if the
goal of a significant capability fo predict thz location, time and magnitude

of earthquakes is to result in veduction in property damage and life loss,



Damaged or collapsing structures are the source of most life loss
and injury during an earthquake; therefore, nearly all impacts of an
earthquake ultimately revolve around damage to structures. Although
the Faderal Government has been funding most research on earthquake
prediciion and hazard mitigation, the principal résponsibility for
appiying this knowledge to the reduction of damage to bulldings rests
with State and local government and private individuals. Thue, the
actual limitation of the impact of earthquake prediction and mitigation

research lies in non-Federal hands.

As noted above, the reprogramming of funds from the NSF and the
USGS to undertake & $52.6 million research activity will help us under-
stand the Palmdale uplift as a possible premonitory effect of a major
southern California earthquake. In addition, NSF and USGS were asked by
the Science Adviser to jointly prepare a plan to ocutline the research
which would be necessary to provide the technological base Zor making
predictioné, changing building codes, and restructuring land use. An
outside Advisory Group on Earthquake Prediction and Hazard Mitigation
to assist in this effort was established.

A 1ist of the members of the Science Adviser's Advisory Group omn

Earthquake Prediction and Hazard Mitigation follows:

Dr. Nathan NEWMARK (Chairman) Dr. Clarence ALLEN
Professor, Dept. of Civil Engineering Professor, Div. of Geological &
University of Illinois Planetary Sciences

California Institute of Technoleogy
Dr. Shelton ALEXANDER
Professoxr, Dept. of Geolecgy & Geophysics Dv. Johu A. BLUME
Pennsylvania State Universitcy President, URS/JA Blume & Associates
Sem Francisco, California



Mr. Vincent BUSH

Regional Engineer, International
Conference of Building Officials

Whittier, California

Mr. Lloyd S. CLUFF

Vice President & Chief Engineering
Geologist

Woodward-Clyde Consuiltants

San Francisco, California

Dr. J. Eugene HAAS

Professor, Dept. of Sociology and Head,
Research Program on Technology, Envi-
ronment & Man, Inst. of Behavioral
Science

University of Colorado

Dr. George W. BHOUSNER

Professor, Division of Engineering &
Applied Science

California Institute of Technology

Dr. Carl KISSLINGER

Professor of Geological Sciences and

Director, Cooperative Inst. for Research
in Environmental Sciences

University of Colorado

Mr. Charles MANFRED

Director, California State Office of
Emergency Services

Sacramento, California

Mr. Arthur E. MANN
Fellow, American Institute of Architects
Solvang, California

Dr. Jerry MILLIMAN
Deparctment of Economics
University of Florida

Br. Ottoc NUTTLX
Professor of Geophysics
St. Louis University

Dr. Frank PRESS
Chairman, Dept. of Earth & Planetary Science
Massachusetts Ingstitute of Technology

Mr, Norton REMMER

Technical Director, State Bullding Code
Commision

Boston, Massachusetts

Mr. Christ T. SANIDAS
Building Official, Shelby County
Memphis, Tennessee

Mr. Karl STEINBRUGGE

Head, Earthquake Department
Insurance Sexvices Qffice
San Francisco, California

Dr. Lynm SYKES

Professor of Geoclogy

Lamont Dougherty Geological Observatory
Columbia University

Dr. George THOMPSON
Professor, Dept. of Geophysics
Stanford University

Dr. Robert WHITMAN
Profegscr, Dept. of Civil Engineering
Magsachusetts Institute of Technology

Mr. Robert J. WILLTAMS
Director, Los Angeles Bullding Department
Los Angeles, California

Mr. Leonard L. LEDERMAN (Executive Secretary)

Office of the Acting Assistant Director for
Scientific, Technological & International
Affairs

National Science Foundation



€. The Contenis of This Plan

This document constitutes a plan based upon staff working papers, the
Advisory Group meetings of June 14, 1976 and August 12-13, l976,'inputs
from Advisory Group members and subpanels, and comments, suggestions, and
criticism received from others.

The contents of the remaining chapters of this draft pian are as follows:

Chapter II - A brief assessment of the available social, political,
and economic measures for mitigating the impacts of
earthquakes and the current state of the technological
basis for these measures.

Chapter IIT - A discussion of current earthquake research efforts and
options for future augmentation of earthquake research --
including activities, funding levels, technical milestones,
and public benefits.

Chapter IV ~ A discussion of the efforts and options for improving
utilization of research vesults and coordination
mechanisms.

This document builds upon the numerous studies of the earthquake

problem and analyses of strategies for response to it that have already

been made. Some of the most significant of these are listed in Appendix 1.
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DoTlars {Actuai), 1865-1975%

Damage
‘ﬁ}ff Locality (ShA}
1865  San Francisco, Calif. 133
1868 San Francisco, Calif, 4
1872 QOwens Valley, Calif. 3
1886 Charteston, S.C. 230
1892  Vacaville, Calif, 2
1898  Mare Island, Calif. 1.4
1906 San Francisco, Calif. 524.0
1815 Imperiai Valley, Calif, 9
1818 Puerto Rico {tsunami damage from 4.0
earthquake in Mona Passage)
1918 San Jacinto and Hemet, 311 f. 2
1925 Santa Barbara, Calif. : 8.0
1933 Long Beach, Calif. 40.0
1935 Helena, Mont. 40
1940  imperial Vailey, Calif, ° 6.0
1941 Santa Barbara, Calif. K
1941 Torrance-Gardena, Calif. 1.0
1944 Cornwall, Canada-Massena, N Y. 2.0
1946  Hawaii {tsunami damage from carthquake 25.0
in Ajeutians)
1949 * Puget Sound, Wash. 25,0
1949 Terminal island, Calif. {oil weils onty) 9.0
1951  Terminal Island, Calif. (oil wells oniy) 340
1952 Kern County, Calif. 60.0
1954  Eureka-Arcata, Calif. 2.1
1954 Wilkes-Barve, Pa. 1.0
19556  Terminel Isiand, Calif. {oil wells only) 30
19556  Oakland-'Valnut Creek, Calif. 1.0
1957 Hawaii (tsunami damage from earthquake 3.0
in Ajeutians)
1857 San Francisco, Calif. 1.0
1958 Hebgen Lake, Mont. (damage o timber 1.0
and roeds)
1960 Hawaii and U.S. West Coast {tsunami 255
damage from earthquake off Chile coast)
1961 Terminal Isiand, Calif. (ail wells anly) 4.8
1964  Alaska and U.S. West Coast {includes 500.C
tsunami damage from earthquake near
Anchorage)
1965 Puget Sound, Wash. 125
1966 Dulce, N, Mesx. 2
1969 Sania Rosa, Calif. 8.3
1971  San Fernando, Calif. 653.0
1973  Hawai{ - 5.6
1975 Aleuvtian Is. 3.5
1975 Idaho/Utah (Pocatello Valley ' 1.0
1975 Hawaii 3.0
1975 Humboldt, Calif. ' .3
1975 QOrovilie, Calif. 2.5
TOTAL 1878.0

* These damage estimates are at the
not inciude the effects of inflation.

iikely damage if a similar earthquake occurred today.

i1

at the time of the earthquake,

Table T - Property Damage in Major U.S. Earthquakes in Millions of

They do

They are not estimates of the
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Table 2 - Lives Lost in Major U.S. Farthguakes, 1811

Yeag Locality fives Lass
1811 New Madvid, Mo, Sevaral
1812 New Madrid, Mo. Savera
1812 San Juan Capistrano, Calif, A0
1888  Hayward, Calif, 30
1872 Owens VaHey, Calif. 27
1886  Charleston, $.0. 5O
1899  San Jacinio, Calif, B
1805 San Franclses, Calif, 7080
1915 fal *Ja!!f.y, {alif. &
1918 Puero Rico {tsunami from nsrih. 116
guake in Mona Passans
1925  Santa Barbara, Calif, 13
1926  Santa Barbara, Calif, b
1932 Humbsldi County, Calif, f
1833 Long Beach, Calif, 115
1634 n{osma Utah 2
18356 H@.Eemg Mone, 4
1940 Imperial Yallsy, Calif. g
1846 Hawsail {isunami from sarthaualk 173
i Alsutians;
1948  Puget Sound, Wash. B
1852 Kern Caunty, Calif. 14
1954 Tureka-Arcata, Calif, i
1955 land, Calif g
1958  Khantask istand and Lituya Bay, 5
Alaska ‘
1259 Hefcg en Lake, Mont, 28
19680 Hilo, Mawaii (tsunami from earis- Gl
guaie off Chile coast)
1984  Prince William Sound, Alaska 131
{tsunami)
1885  Puget Sound, Wash, 7
971 San E'f:mmdo Cﬂ“ 6% |
1975 Hawaid Z

* These figures are the lives lost at the time of the earthquake an@
do not reflect the Tikely loss of 1ife 1T a similar earthquake were

to occur today.

Faa



Table 3 - Casualiies and Damage in the United States from Tsunamis*¥

Estimated
Year Dead iInjured  Damage Area
{$000)
905 - - 5 Hawail
1917 - e ®  American Samoa
1918 - - 100 Hawaii
1998 40 - 260 Puerto Rico
1922~ - 5C [dawaii,
' : California,
American Samoa
1923 T - 4,000 [Hawsii
1933 - oo 200 Hawail
1946 173 163 25,000  Hawail,
Alaska,
West Coast
1952 _ - 1,200 Midway Island,
[Hawali
1958 2 - - 50 Alaska
1957 - 0 - 4,000  Hawaii,
West Coast
1960 61 232 25,500 (Hawaii,
West Coast,

American Samoa
1964 122 260 104,000  Alasks,

West Coast,

Hawaii
»?9)65 - - 10 Alaska
1975 1 = 2,000 » Hawaii

“Damage reported, but no estimates available.

** These figures are the lives lost at the time of the tsunami and do
not reflect the Tikely loss of Tife if a similar earthquake and
tsunami were to occur today.
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Table 4 - #.5. Population vs. Earthguake

Risk Zone

0 (low)

Population

Militions

o

7
115

31

203

*Including the District of Columbia

i

Risk 7nnes

Mumber of States
AiTected




11. Measures foxr Mitigating Earthquake Effects
A. Possible Mitigation Mea§qyes~mWhat can werdq?

Mitdigating the dwmpact of am earthqﬁake disaster requires social,
zconomic, and policical actions, especlially at State and local levelis. But
the extent to which these mitigation actions are effective and the cost of
these actiong depends in large measure on the extent to which they are based
cr. factual informaition about the physical processes ilnvolved. Potential
and actual earthguake disasters in other parts of the world azvd in the U.S.
have demonstrated that reliables earthquake pradiction can reduce casualties,
that improved desiga and construction practices cen reduce casualties and
decrease losses, and that soundly based relief policies can reduce post-
event suifering and accelerate the return of the community to its normal
functioning. There ave five basic strategles that can be undertaken by

individuais, groups and govermment entities, as appropriate, to moderate impacts:

[w}

-

Preparation - Preparation for an earthquake includes having plans
for warning, response and recovery. These steps reduce the
economic and social dislocations by community preparedness prior
to the event, providing relief during the emergency period, and
assisting in redevelopment and recovery.

Land Use - By considering the regional and local variation of
seismic risk in local and State land use plans, the vulnerability
of new development can be reduced. FEach of the principal sources
of earthquake damage {(e.g. ground shsking, fault movement, ground

failure) is affected by the type of soil and geologic properties



of the site, and the position

location of the earthguske.
controls can either prevent occcupation of 2 hazerdous sife, or

characterize the hazards at the site 2o the: fac

appropriately designed and bulilt.

Building Codes, Standards and Design Practices — The principle

that the public has a vight to contrcl private and public properiy

L=

“q

for the minimum safety of occupants liss bebind public regulanion

of building. Such regulations are generally adopted as laws of

Y 2 ¥ o

local communities, 2.g. buliding codes. Building codes and standards

may be applied to new counstructlon, sod, potentlally, to the correction
or elimination of hazardous old buildings. In addition, condirions

have been adopted for the receipt of financing, e.z. the Minimum

ERET

- -

Property Standavds of FHA, or for the of relief, e.g. floond

2%

plain zoning. Such regulations and conditdons thus enable the
community to express values and establish prioriziecs.

Insurance and Relief — The econowmic impact can ke moderated b
e y

insurance, loan programs, and public and private ralief efforts.
Histdrically3 the public and goverument have responded to the
suffering of disaster victims both through the provision of
immediate economic zid and long~term economic zesistance., Insur-

]C

ance provides one means to spread the scomowmic risk of the disaster.

Informatlon and Fducation - Through Informaiion and education,

individuals acguire the backsground for making decisions at Fedexal,



State, local, corporate and family levels. The acceptance and
effectiveness of any micigation measures—-many of which require
an economic commitment--will depend critically on the public's
perception of the necessity and utility of the measures, as well .
as on the reliability of the technological information upon which
they are based.

B. Cuzrent Mitigation Practices--What are we doing?

Bach of these mitigation means is now »eing utilized o some extent.
Many more preventive and protective actions can be taken before an emergency
to reduce the hazards of an earthquake, and plans can be prepared for
prompit, efficient handling of casualties and problems afterward. Communications
systems, such as beiween hospitals and peolice units, can be developed, serums
and medieines can be stockpiled, and alternate transportation routes can be
planned. Exercises and tests designed around earthguake scenarios can be
undertaken. So can a plan of administrative action continuously updated
by an ever-changing group of public officials.

A great many potentially affected communities have no disaster plans,
and present levels of preparedness commonly fail to address earthquake
hazards. Long-term recovery in the public sphere is often limited to
grante and loans which end up emcouraging redevelopment as vulnerable as
ever to earthquakes.

The State of Czlifornia bas begun to take advantage of the existing
Iaformation on earthyguake hazevds in the development of land use regula-

tion and building codes. Land use planning and control has been little
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used as a mitigation measure outside that State. In 1971, the Califownia
legislature adopted an amendment to the State Plsnning Law that reouires

a "Seismic Safety Element” as a mandatoxy part of the Ceneral Plan of

D
o3

each city and county. Information about the Iscatiomns of fault traces
likely to rupture during future earthguakes has been taken advantage of

in California by the passage and implementation of the Alguist-Priocla
Geblogic Hazard Zones Act of 1877, Thls act requires the State Geeologist
to delineate zones along active faults in which special geologic studies
must be carried out prior to development. Implementation of similarx

acts has not begun in other states with active faults capable of surface
rupture., Some cities and counties, in California particularly, have

taken advantage of information sbout landslides and laondsliide hazards

in loeal land‘use planning, but this practice is not widespread. Sub-
stantial progress has been achieved on techniques for delineating ldgue-
faction hazard. But the data base on subsurisce conditions is vastly
inadequate for land use planning, and little effoxrt has been made to use
the existing data for plamning and control. In Japan and the Soviet Union,
many cities in earthquake-prone regions are "zoned” to reflect anticipated
variations in earthquake shaking--the most pervasive egarthquake hazaxrd—-
based on the distribution of geologic deposits. Such work has only begun
in a2 very experimental way in the United States. The assessmeni of earth-
quake hazards at specific sites is for the most part resiricted to special

facilities, particularly those that pose substantial 1life hazards (e.g.,
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regctors and daﬁs) or those that are very expensive {e.g., tall bulldings).
These assessments commonly raise issues which cannot be satisfactorily
resolved because of an insufficient data base or an inadequate understand-
ing of the threatening phenomena.

Builiding codes—-which provide the most effective check against build-
ing coliapse in an carthquake—-—vary greatly in their imcorporation of
seismic safety provisions and in practice. Further, many aspects of earth-
guske-resistant design camnot be covered effectively in building codes.
Thesge aspects must include the vesponsibility of the architect and engineer.
A code is of value only as long as it is followed, enforced, and maintained.
Counstruction practices also play a critical role. The success of the Field
Act in California in reducing damage to scheols during earithquakes demon-
strates the efficacy of a comprehensive program of building regulation,
design review, construction inspection, énd maintenance.

Although earthquake insurance is generally available, the vast majority
of residential property owners do not take advantage of it. 1In California,
following the San Fernando earthquake of 1971, there was no substantial
increase in the total premiums written for eartﬁquake insurance. Insurance
companies have not successfully promoted earthquake insurance. Insgrance
without hazard mitigation requirements would reduce incentives to employ
ecarthquake-resistant design and other hazard reduction procedures. The
current state of earthquake hazard mitigation information, procedures, and
practices has to daie impeded development of insurance plane.

The availability of information about earthquake bhazavds does not, of
itself, insure the use of that information. However, where it exists and
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the citizenry is aware and concerned, steps can and have been taken--

for example, amending land use policies and building codes to refliect
seismic and geologic conditions. But more important, no mitigation
measure can succeed in a pluralistic scociety like our own without a

solid base of public understanding. To date, the dissemination of infor-
mation to the public has been primarily in response to inguiries by
individuals or the prese. Little or no effort has been made to educate
the public systematically about the causes and effects of earthguakes and
what they can do to moderate the impacts. As an instructive example--
albeit in a political envirommeni drastically different from our own--the
earthquake hazard mitigation program in the People’s Republic of China
has a strong public education component. The value of this effort can be
seen vividly in the response of the Chinese peopls to the Hajching earth-
quake of February 4, 1975. ¥First, an vnsuccessful and then, finally, a
successful prediction of an earthquake were praceded by an intensive
public education campaign. As a result of this campaign, the people
understood not only the causes and effects of possible earthquakes, but
also the uncertainties of the prediections. They were able to put the
inconveniences associated with an uncertain prediction into perspective
with the severe risks associated with the earthquake. Consequently, they
were socially and psychologically prepared for the earthquake, and the

trauma and suffering were lessened by the actions taken.
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. Dependence of Mitigation Measures on Technological Information—-

What might we do better?

How will better understanding of the physical bases of earthquakes
iead to an increased ability to mitigate the hazard through social means?
Al}l of the mitigation means depend on technological information, which
can be classified into four categories:

o

Prediction ~ forecasting the time, place, magnitude and

ground motion of an earthquake.

Induced Seismicity — prevention or medification of an inadvertantly

induced or natural earthquake.

Hazard Assessment -~ identification and analysis of the poten~

tial for earthquakes within a region, their frequency and
their effects.
Engineering - design and construction of facilities foxr accep-
table periormance during and after an earthquake.

Examination veveals several areas where increased understanding pro-
vides substantial additional leverage for mitigation. The following are

some examples.

1) Preparedness could be made more effective by a reliable earth-

quake Prediction capability. Emergency services could be put on
the alert. Hazardous structures could be selectively reinforced
or avacuated, depending‘on the time available. Management plans of
critical utility services and potentially hazavdous facilities-—-

such as dams, nuclear reactors, pipelines, etc.-—could be altered
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for more satisfactory post-earthquake operation.
2) Land use decisions could be more effective if information

from Hazard Assessment of the location of faults and unstable site

conditions were available.

3) Building Codes and Standards --as the first line of defense

against earthquake disaster--can be made more effective by better
application and improvement of Engineering techniques.
4) Insurance could be a more viable mitigating factor if increased

information about seismic¢ risk from Hazard Assessment were avail-

able.

5) Information and Education, as the primary means invelving the

general population in mitigation; must flow from fundamental under=-
standing, Information and education are critical, considering that

most significant Preparedness; Land Usé and Building Codes and Stan-

dards decisions are made and implemented at the local level.

6) Understanding of Induced Seismicity would permit the adoption of

appropriate mitigation measures around new large reservolrs.

7) Incenti;;é ?fovided bf Féderai and State Governmegééucould.héiﬁ
local jurisdictions deal more effectively with reducing earthquake
vulnerability, particularly in the upgrading of exdisting hazardous
structures and conditions.

Status of Technological Information Required for Mitigation—-What

do we know?

The technological bases for mitigation of earthquake hazards are at
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a variety of stages of development. Some techniques, such as earthquake

prediction and control are at an embryonic stage. At the same time,

some tecnnlques for earthquake hazard evaluztion and englneerlng de31gn

have already been developed to a nigh degree but have not yet been
applied to maany hazard-prone reglons. Other techniques, such as
the delineation of aciive faulis, are partially develqped and have
heen applied successfully in some regions already; the results of
these applications are currently being used as the basis for land

use planning decisions. Because these techniques are in various

stages of readiness, the resulLs ffom research on earthquake predlct;an
and hazards mitigation will have impacts on a variety of time scales.
Scme results can be implemented immediately: others will noi be ready for
vears.

The hypothesis that earthquakes are generated by the release of
elastic strain energy—-formulated by Reid following the 1906 San Francisco
earthquake——underlies thinking about earthquake prediction today. Coupled
with the modern concepis of plate tectonics, this classical idea gives
earth scientists fundamental confidence that earthquakes can be predicted.
The as yet poorly understood link in this process is the failure--or actual
earthquake itself--and phenomena leading up to this failure.

Research programs Iin the USSR, Japan, People's Republic of China and
U.5. have detected several possible precursors to earthquakes and models

and theories to explain them. The precursors include variations in the
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velocity of seismic waves, the magnetic field, electrical resistivity,
tilt and strain at the Earth's surface, water level in wells and others.
Many attempts--principally based on analogy with laboratory experiments—-
to explain the processes leading up to an earthquake and to interpret

the precursors have led to some success. However, there is not yet a uni-
fying theoretical framework.

Observations with sufficient density in time and space are required
to detect, document and analyze earthquake precursors. The relative infre-
quence of moderate earthquakes in any particular small area and the vast-
ness of the potential source areas make this a large and costly task.
Supporting laboratory, theoretical and computational studies are needed to
provide a basis for interpretation of the precursors}

While not all the desired instrument systems are developed to the
point where massive deployment is reasonable, some systems are well dev-
eloped, field tested, and ready. Included in the lattexr category are short-
period seismometer and telemetry systems, tiltmeters, magnetometers,
gravimeters, some types of strainmeters, water-~level recorders, digital
telemetry systems, laser distance-ranging systems and classical surveying
techniques. While improvements and evolutionary changes can be expected
in these systems, substantial development work is still required in systems
to measure deep electrical resistivity, telluric currents, geochemical
parameters and stress, for some kinds of strainmeters, for multicolor
laser~ranging systems, and other proposed instrumental and observational

systems.
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Substantial progress has been made over the last several_years in
zhe development of techniques and programs for the automatic processing
and manipulation of the data recorded by these systems. These tech-
nigques are ready for application to the massive volumes of data that
could be collected.

There are over 20 cases around the world where the filling of large
raservoirs appears to have triggerved or induced earthquakes. The trig-
gered earthguakes vange from microearthquakes recorded only instrumentally
to earthquakes as large as magnitude 6-1/2. The largest earthquake
thought to be so induced, near the Koyna Dam in India, December 10, 1967,
resulted in 177 killed, 2,300 injured and extensive damage. While few
large reservoirs are known to have triggered earthquakes, there is currently
no accepted procedure to determine in advance of construction whether fil-
ling a reservolir wilil trigger an earthquake. Nor is there a2 procedure
ééfined to allow operation of a reservoir (raising and lowering the head
of water behind the dam) without danger of friggering earthguzskes.,

Experience with inadvertantly triggered earthquakes associated with
the deep waste disposal well near Denver, Conlorado, and in a recently com-
pleted earthquake-control experiment in an oilfield near Rangely, Colorado,
shows that man can influence the occurrence of earthquakes under certain
condifions. The procedure is based on the Hubbert—Rubey hypéthesis that
ar. increase in the pore pressure of fluids at depth results in a decrease
in shear strength in the vock or fault zone, which could in turn allow the

release of tectonic strain in an earthquake. The experiences at Denver and
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Raiigely confirmed this hypothesis. Tt is reasonable to expect that

téehfiiqués baséd on this hypothesis can be developed that can greatly
. ‘reduce; if hdt eliminate, the problem of the inadvertant triggering of

‘earthguakes. Further, it is possible that this hypothesis might lead

ifi éeftdifi a¥éas to a technique for modifying natural earthquakes.

Thé assessment of seismic risk--i.e., the expectable size and fre-

 qﬁéﬁéy of éarthquakes-~through the United States is fundamental to all
‘evalustion of earthquake hazard. A variety of seismic risk maps have
-iBééﬁ prépared for all or part of the United States; but the relatively
shott (from a geologic point of view) period of observation and the lack
- of wndeFdtanding of the physical and geologic origins of earthquakes,
‘ﬁéftiéulétly in the eastern U.,S.,; have made these maps deficient in
,‘iﬁpérfant réspects. Most maps, for example, have been based on historic
:déﬁa_éiéﬁé.. Thé less than 300 yvears of written history for most of the
U:S. is inddéquite to estimate réliably a phenomenon that may reoccur
;dﬁiy every geveral hundred years or more in some regions. Obviously a
' great heed exists to utilize geologic data on the recency of fault move-
 %§nt and other tectonic activity in order to extend this time base and
 €6:ép§1y_§d§histicated probability techniqués to the estimation of seismic

| risk. Some regions are covered poorly, if at all, by existing maps.

- Seme téchniques for mapping and évaluating earthquake geologic hazards

lléfé‘feléﬁiﬁély‘ﬁéil developed. Within certain constraints, faults capable

of Fupturing the ground surface can be recognized and mapped. Techniques

{_éiéd’ékisf for identifying slopés susceptible to landsliding. The processes
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of soil liquefaction and differential settlement are understocod in gen-
eral terms, if not in detail. Rough techniques for predicting tectonic
surface distortions and level changes, critical for the prediction of the
posi~earthquake operability of canals and pipelines also exist.

The most pervasive and iImportant hazard--ground shaking-~can now be
estimared only within broad limits. The strength and character of ground
shaking at a site depend on the geologic conditions there, as well as on
the distance and characteristics of the earthquake's source. Not all of
the mechanisms and details of this dependence are clear.

Most of these techniques for hazard assessment require additional
development, but most may be applied region by region at present to vary-
ing degrees. ihey require'substantial field investigation and the gather-
ing of significant regional geologic data. To predict areas susceptible to
liquefaction, for example, requires substaniial information about subsurface
soil and ground water conditions. Only in the San Francisco Bay region,
where experimental projects have been underway for several years, are data
bases nearly adequate. Elsewhere, efforts to obtain the required data and
apply these techniques have begun only at a low level or are nonexistent.

Methodology for estimating earthquake damage and loss, including meth-
ods for estimating damage patterns, is developing. Obviously such method-
ology would be of great value in making social and economic decisions
renging from insurance to relief and recovery.

Earthquake engineering encompasses various disciplines, including

architecture, sivuciural, and mechanical engineering and others. It is
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concerned with the design and development of physical systems that with—
stand earthquakes.

An earthquake causes damage to a supported structure by heavy ground
shaking, slow or rapid fault slip, subsidence and landslides. Fundamental
to understanding these damaging phenomena is the accurate knowledge of
hbw the ground moves. There are two essential approaches to gaining this
@information: first, placing instruments to measure how the ground responds

'.ﬁb earthquakes; and secoud, developing analytic models that consider source
mééhanism, propagation path properties, and soil conditions. Such models
ﬁaf anticipate site spectra, maximum acceleration, duration, velocity, and
‘displacement and time histories and help formulate and verify amalytic
procedures.

A structure can be damaged either by the failure of the soils or rock
that support it (and/or its subsequent movement under gravitational loads),
or by the shaking transmitted to it by the surrounding soil. When soils
are strongly shaken they may amplify the displacement imparted to the sup-
‘borted structure or may fail through a variety of mechanisms, including

settlement of cohesionless solls, bearing capacity failure, embankment

. failure and soil liquefaction.

Structural integrity depends upon the complementary activities of
deSign and construction. The basic problem in design is to synthesize the
- structural configuration (size, shape, materials and interrelation of locad
'bearing and nonload bearing elements) with methods of fabrication so that

- the structure will safely and economically withstand earthquake induced
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lcads. Analysis forms the basis for design. The ability to analyze a
hypothetical structure for the siresses and displacements produced by a
specified loading is essential. The more accurately this can be done,

the more efficient and economical is the design and the more reliable the
c¢esign factor of safety. The design and analysis processes are complica-
ted because: First, even simple structures are exceedingly complex dynamic
systems; second, the nature of earthquake occurrences and input motions is
probabilistic; amd third, the construction process leads to a structure
that cannot be precisely described. Design and analysis must be carried
out for all aspects of the structure, load bearing and nonload bearing,

and by each member of the design team: the architect, foundation engineer,
structural engineer, and mechanical engineer. Of special importance are
assessing and possibly improving the earthguake resistance of structures
built with inadequate resistance.

The operation of a community during and after an earthquake depends
upon how well the utility and public service facilities function as a sys-
tem with elements located at many sites. The failure of an element can
cause the total sysiem to malfunction or be inoperative. Thus the design
of system elements must consider the seismic performance characteristics
required of the total system, not just the individual elements. Both
physically connected (e.g. water distribution), and nonconnected (e.g.
hospitals, clinics and laboratories) systems must be considered. The
design of systems with appropriate seismic resistive characteristics is
intimately related o local and regional planning. Such planning must con-~
sider both the direct impact of ground displacement and ground shaking as
well as the indirect impacts indicated above.
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ITI. Program Options

A, Program Cbjectives

The goal ¢f earthquake vprediction and hezard mitigation activities
is to reduce casualties, damage, and social and economic disruption from
earthquakes. The social, economic, and political actions that can be
taken to attain this goal are based on technological capabilities that
require development through research. The primary objectives of this
research are:

. & Earthquake Prediction -~ Develop the capability to predict the
time, place, magnitude and effects of earthquakes s¢ that more
effective preparedness actions can be undertaken.

e Earthquake Modification and Control - Develop techniques that
allow the control or alteration of seismic phenomena.

e Land Use - Develop procedurecs for assessing seismic risk and
evaluating earthquake hazards so that appropriate construction
and land use plans can be implemented.

e Design Improvement - Develop improved, economically feasible
design and construciion methods for building earthquake resistant
structures of all types and for upgrading existing structures.

8 Soc¢ial and Behavioxal Responsé ~ Develop an understanding of the
factors that influence public utilization of earthquake mitiga-
tion methods.

Because present knowledge is inadequate to develop acceptable procedures

32



for many aspects of earthquake mitigation, decision makers are severely
counstrained in actions they can take to reduce earthquake losses. qu
example, many factors influence the intensity of ground shaking by an
sarthquake, but an accepted procedure has not been developed for evaluat-
ing the relevant parameters. As a consequence, local and State land use
zoning based on seismic risk cannot be implemented except in a very limited
way. OSimilarly, earthquake precursors have been widely observed, but thedir
characteristics are not sufficiently well known and instruments are not
deployed in sufficient numbers to permit reliable earthquake predictiomn.
The basic approach to earthquake prediction and hazards mitigation is to
underiake research on the scientific and engineering problems that currently
slow application. At the same time, improved implementation procedures
must be developed. Regardless of our limited understanding of earthquake
mitigation methods, investments are being made, structures are being built,
land is being developed, earthquake precursors are being observed, and
interpretations based on current understanding are being made.
B. Program Elements

The activities of earthquake prediction and hazard mitigation are
grouped for programmatic purposes into six main elements, four of which

parallel the physical adjustments and goals described earlisr. The other

P

two, numbers 1 and 6 below, are identified separately to emphasize that
the program should span the whole spectrum of studies from fundamental
research to applicaiions, The Elements are:

1. TFundamental Earthgquake Studies
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2. Prediction

3. Induced Seismicity

4, Hazards Assessment

5. Engineering

6. Research for Utilization
The nature of these Elements is discussed in the following sections.
Each Program Element is divided intec Subelements and Activities. FY 76
(ending June 30, 1976) appropriations and FY 77 budget requests are
shown. Funds provided for studying the land uplift in southern California
are also shown.  In addition, the tables give funding options as recom-
mended by the Advisory Group and the NSF and USGS staff.

.‘In the tables in the following seciions on each Element, funding
levels are indicated as follows:

FY 76 Act - Actual funding in FY 1976. The amounts in parentheses
in this column are the funds provided for new studies of the land uplift
in southern California.

FY 1977 Req. - Requested funding in the President’s FY 1977 budget.

Fy 1978, 1979, and 1980: A, B, and C - Three funding options for

augmenting the USGS and NS¥ earthquake prediciion and hszard mitigation
research programs are presented. Option C is clearly the preferred and
most effective option for accomplishing the objectives spelled out in this
plan. Option A is considered to be barely adegquate to accomplish the
objectives of this plan and will require postponemeni of implementation

of many important aspects of this plan. The FY 1978 Option A would
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provide zsignificant improvement in the national capability to accomplish
the objectives, but will necessitate a longer time period and the
elimination of certain acE}vities as the disgcussions of public benefits
réﬁd techﬁical miiéstoneé spéii out. ‘Optibn E is én iﬂf;rﬁééiafégoééigﬁ
between the highest funding levels of Option C and the lowest funding
levels of Option A,

On the next page there 1s a Summary table that shows the amounts

recommended for each Element and the totals.
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1. Fundamental Earthquake Studies

Two distinctly different approaches to the attainment of reliable
earthquake prediction can be envisioned. The first involves continuing
in-depth studies and measurements of a basic nature directed at the
development of a thorough understanding of the natural phenomena involved.
The second is a comprehensive empirical program to seek consistently
rejiable indicators from field measurements made on well-chosen
secondary parameters (precursors). At our present state of‘kn0w1edge,
there seems no question that both approaches must be implemented in
parallel.

In addition to providing the infrastructure on which an applied
program is based, a solid 1ndependent progfam of fundamental studies
will help assure that an empirical program is scientifically sound
and flexible, will provide direction for the optimal use of its resources
and, of course, will provide the basis for a new start if current
empirical approaches prove inadequate.

An empirical program will necessarily give priority to those pre-
cursors and geographical regions considered to be most promising. At
the same time fundamental studies should be conducted in a number of
cther tectonic settings which will give us the Tong-time baseline '
required to distinguish anomaiies from ordinary values or behavior
in all major active seismic zones in the country. Seismicity and
microseismicity studies should be conducted in all these areas,
particularly in the Eastern United States, to better delineate the

active seismic zones and relate them to geclogy.
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To establish & scientific rather than an empirical approach to
the prediction of earthquakes and of destructive ground motion requires
a greatly increased undersﬁanding of the physical processes ieading %o
and constituting an earthquake. We must understand these processes under
conditions that exist in the upper crust, Tower crust and upper mantle.
We must develop theoretical models of the earthquake process consistent

with the above information. Both pre-earthquake phenomena and the

ground motion caused by the earthquake are tightly linked with the
faulting process itself. e do not yet know what physical properties
ére the most critical, or the nature of the instability that causes
an earthquake. The fTailure criteria and the role of stick-stip and
pre-seismic., or co-seismic creep must be understood in order to
calculate the fault pronagation in the stress Tield and to determine
the energy budget. 1In addition, the material properties and the
tectonic setting affect the amount of energy released and the
characteristics of the genevated motion. Such studies have been
“going on for many years - in theory, in the laboratory, and in the
field. However, there is still a Tong way o go.

The new plate tectonic theory envisions the earth's surface
as comprised of a discrete number of Targe plates woving in relation-
ship to each other. This cencept has allowed us to explain the
distribution of the bulk of the world's earthquakes and their seismic
radiation patterns. Me need a more detailed knowledge of how stress

is accumutated, distributed and released along the boundaries of



these moving plates. To date, basic stucies of worldwide earthquakes
have been the primary tool in outlining the plates, in determining

their relative motions, in outlining the downgoing slabs, and in

defining seismic gaps. Such studies are broad, interdisciplinary

and conducted on a woridwide basis - on Tand and at sea. They provide
essential basic data for the design of a more local earthquake prediction
program and for a comprehensive theory of prediction.

Current knowledge of plate motions does not adequately explain
the occurrence of large and destructive intrap1ate'earthquakes (i.e.
New Madrid, Boston, and Charleston). These earthquakes may have
gquite different causes than those along the San Andreas fau1t.
system and may well prove to be the most difficult to forecast.
Measurements of intraplate stresses and measurement of intraplate
strains, on a plate-wide and worlid-wide basis are required, together
‘with more Jocal studies on the relationship of seismicity to buried

-structure in known seismic regions. Studies of plate motions, their
causes and consequences, are at the heart of understanding earthquake
origins.

Seismic and other geophysical observatories and networks provide
the essential data for all studies in seismology, including earthqﬁake
hazard reduction. The systematic lTocation and cataloguing of earth-
quakes on a global basis is central to these studies. In addition to

worldwide networks and data centers, And Those specifically established
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for earthquake prediction research, there are a number of independent

stations and nets, portable and permanent, that can be expected 1o

w

contribute vital information to the problem,
Objectives
@ To obtain a cemprehensive understanding of the natural phenomena
involved in the earthquake process.
& Improve global networks of seismograph stations to provide a

sound data base for studies in observational seismology and

jui ]

praovide associated data services.
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Activities

The Earthquake Process - Develop a fundamental understanding of the

earthquake process

1)

Develop theoretical models based on laboratory data and field
observations. Study physical properties of rocks at conditions
similar to those in the earth's crust and upper mantie and

determine seismic source parameters from field observations.

The Impiications of Plate Tectonics for Earthquake Hazards Reduction -

Determine how stress is accumulated, distributed, and released along

boundaries of moving plates and in plate interiors.

1)

Determine relative motions of plates, refine definitions of

plate boundaries, determine deep-crustal and upper-mantle
struciure, identify seismic gaps, measure stress and deformation
of plate boundaries and in intraplate regions, study the relation-

ship of seismicity to geologic structures in intraplate regions.

Giobal Seismology - Collect and disseminate seismological data from

around the world.

1)

2)

Operate the Worldwide Standardized Seismograph Network (WWSSN} and

reestablish a maintenance program for the stations that Tapsed

several years ago,

Operate the data acquisition and processing capability of the
National Earthquake Information Service, including use of satellite
tetecommunications, issuance of new seismicity maps, and routine

computation of the parameters of the earthquake mecharnism.
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3) Upgrade about half of the WWSSN and establish the capability ¢
produce intearated tapes of digital seismic data.

4) Acquire and nperate a ten-station array of transportable broad-band
seismographs for global seismic studies.

5) Operate an integrated digital network consisting of High-Gain
Long-Period stations, Seismological Research Observatories, and
the upgraded WWSSN stations called for in activity 3), and oroduce
integrated tapes of digital seismic data.

6) Acquire, install, and operate 10 ocean-bottom seismographs.

These activities are related to programs of the National Aeronautics
and Space Administration, the National Oceanic and Atmospheric Administration,

and the Defense Advanced Research Projects Agency.
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Public Benefits and Technical Milestones

It is not realistic to attempt to predict the outcome of a funda-
mental research program in tevms of "technical milestones™. Nevertheless,
we can reasonably predict that a significantly increased research effort,
focused on projects with a strong potential for application to the earth-
quake prediction and hazard reduction program, will result in a more
comprehensive understanding of the earthquake process. Progress in such
basic understanding can be expected to increase the efficiency as well
as the reliability of earthquake prediction, in that the large costs
of gathering data by dispensing large arﬁays of field instruments could
be reduced if we had comprehensive theories requiring relatively few
data points. Strong, continuous support for the basic research program
is thus 1ikely to be highly cost-effective in the long-range earthquake
program. Present approaches to the problem, while promising, may
conceivably fail. 1If that happens, we will need the reservoir of
“imaginative ideas, new experiments and basic theory that fundamental
studies can generate.

Current Program

The NSF fundamental earthquake research effort is heavily leveraged
for returns from twoc to ten or more vears in the future. The size of
the program is constrained by the availability of funding, rather than
the tack of good proposals. Available statistics easily demonstrate
that a substantial pool of unfunded or underfunded talent exists in

the universities that can be used effectively to achieve more rapid
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progress toward the goals of the program. Because of thé steadily
increasing scientific interest in this area and the important economic
and humanitarian need to forecast earthquakes reliably, the FY 77 budget
in the Earth Sciences contains a proposed budget of $3.5M for funda-
mental earthquake studies. This figure, of course, was not proposed as
an adequate response to an accelerated national program.

The FY 76-77 support of observational seismology by the USGS
does not allow for necessary maintenance and calibration visits to
stations of the Horldwide Standardized Seismic Network, nor for the
desivred upgrading of selected stations.

| The‘Ogtions
Fundamental Research (NSF)

The propoéed expenditures for fundamental research on earthquakes
averages 9% of the total program over all the available options. This’
percentage decreases steadily from 12.5% at the lowest option in FY 78

~to 7.3% at the highest option in FY 80.

in Tight of the current state of the art in earthquake prediction
and related aspects of hazard reduction, this is considered a conservative
ievel of effort and fully compatible with the national needitdrachieve
new fundamental data.

The following table indicates that Option A and B represent gradually
increasing budgets, in which Option B allows the attainment of a given
Tevel of support one year sooner than Option A. In contrast, Optién C,

the preferred budget, represents nearly level funding (FY 78-80) at a

45






community for many years. Support for this operation is included
herein because data from this network is indispensable for modérn
earthquake research. The existence of data from this network is
responsible, in a major way, for the rapid advances in seismo]ogy,
earthquake prediction, and plate tectonics in recent years.

Option A will allow a stable, just sufficient, operation of the
WWSSN, and the operation of -the data acquisition and processing capability
of the National Farthquake Information Service (NEIS) in FY 78-80,

a very Timited start in upgrading a few of the WWSSN stations in FY
79, and the incorporation of the existing High Gain-Long Period
stations and Seismic Research Observatories intc an expanded WWSSN
in FY 80.

Option B will allow a paftia] reestablishment of the maintenance
program that lapsed several years ago, the upgrading of abéut half of
the WWSSN stations to produce integrated types of digita]_seiémic
“data by the end of FY 80.

Option C allows the acquisition and operation of a ten-station

array of broad-band seismographs for global seismic studies.
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‘reseurces thaﬁ in the U.S. Consequently, in some regions, predicticn ﬁ
represents the Togical focus for reducing earthquake casualties. Develop-
ment of reliable earthquake prediction techniques would be of major
benefit to the safety of Americans and people throughout the world living
in earthguake-prone regions.

Earthquake prediction depends on detecting precursors prior to
earthguakes. Reliable prediction depends on observing a variety of
precursors, understanding their causes, and understanding the basic
physics of the earthquake source. Thus a prediction research program
must be broad-based but will depend heavily on observations of precursors
ahd earthquakes within networks of a variety of densely spaced instru-
ments. The rate of progress toward a prediction capability is directly
Tinked to the rate with which precursors can be observed. Multiple
ohservations on a variety of instruments are needed toc develop an accurate
physical modet? Tor earthquake precursors. Dense insfrumentation of an
active fault zone with a wide variety of sensors costs about $12K per
kitometer of fault to instail and about $7K per kilometer to operate

each year.

The existing U.S. program has progressed Significantiyn Reliable
instruments for detecting most suspected precursors have been developed,
tested, and deployed in small prototype arrays. Real-time and automated
data processing techniques have been developed. Hypotheses as to the
nature of the earthquake source and the cause of precursors have been
developed and partially tested in the laboratory. Now that this groundwork

has been Yaid, expansion of the national effort can be undertaken efficiently.
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a.

Activities

Deformation Monitoring Instrumentation (Purchase and Installation) -
Measure ground deformation in active seismic regions to monitor the
Tong-term accumulation of strain, determine the physics of the seismic
source, and chserve precursors.

1} Deploy continuously recording strain meters, tiltmeters, tide
gauges, gravimeters, water-well level monitors, etc., in selected
areas of high or unique seismicity.

Seismic-Monitoring Instrumentation (Purchase and Installation) -

Determine the patterns of seismicity in time and space, the physics

of the seismic source, and the variation in time of seismic source

and seismic wave parameters.

1} Deploy marrow and broad-band seismic instruments in selected
areas of high or unique seismicity.

Geochemical, Magnetic, Electrical and Other Instrumentation (Purchase

and Instailation) - Study other types of phenomena that have been

reported as earthquake precursors.

1) Deploy geochemical sensors, magnetometers, resistivity arrays,
telluric sensors, self-potential sensors, etc., and carry out
studies with animals in selected areas of high or unique seismicity.

Operations - Operate networks of instruments installed and provide

bulietins and computer files of uniformly processed data to provide

bases for development of a theoretical and empirical framework for
earthquake prediction.

1)7 Operate networks of instruments including maintenance and
routine data processing in selected areas of high or unique

seismicity.
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Detaiied Anaiyscs of Data and Theoretical Modeiing - Analyze field
and laboratory data, and.deveiop and test hypotheses concerning the
physics of the failure process'and precursory phenoﬁenau
1) Detailed analysis, theoretical modeling and synthesis of results
from:
2 Strain Data
o Seismic Data
¢ Other Data and Syntheses
Instrument Development - Develop and improve instruments for field
use that show significant promise of detecting earthquake precursors.
1} Develop or complete devalopment of instruments, such as a portable
mutti-wavelength laser-ranging device, portable Tong-base tilt-
meters, broad-band seismometers, data telemetry systems, absolute
gravimeters, stress detectors, etc., and improve the reliability
and sensitivity of instruments already utilized.
Laboratory Studies - Determine the physical behavior of rocks near
rupture and model earthquake processes in the laboratory with specific
application toc earthquake prediction.
1} Examine the properties of rocks, the physics of fracture, and the
occurrence of precursors prior to fracture on rock samples in
the Taboratory. Model earthquake processes in the laboratory.
2} Conduct laboratory experiments using large-size samples and smali-

scale field experiments.
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scientists judge that observations are needed with a dense network of
comprehensive instrumentation for on the order of 10 magnitude 5 or larger
earthquakes as an adequate data base for either establishing a sound
basis for prediction or deciding that the problem is much more difficult
than presently believed. Acquisition of these observations is a specific
goatl Tor earthquake prediction efforts.
The rate of precursor observation is directiy related to the
number of instruments deployed and the Tevel of earthquake activity in
the area monitored. Several factors influence program planning to make
the observations:
¢ Observations can be made at considerably lower cost in California
and Nevada than elsewhere in the U.S. This 1s shown by detailed
analysis of the seismicity per unit area, accessibility of
the seismic zones, and logistical support required. Such
observations, however, will not necessarily lead ts development
of a nationwide prediction capabjjityf
@ Instrumentation in areas of relatively Tow se%smiciiy yields ”
daclining returns in precursor observation for invested funds,
except in areas where a large earthquake appears imminent
based, for example, on seismic gap theory and observations of
possible precursors, or in areas of unique seismicity.
& Economies of scale permit observational functions to be
expanded proportionally more rapidly than analytical, laboratory,
theoretical and computational functions.
Taking these factors into account the costs and times to "achieve
prediction.” {.e., observe the 10 magnitude 5 or larger earthquakes,

can be sstimated as follows:






Technical Milestones

Fiscal Year

77

78

79

80

81

82.

83

84

Establish dense seismic and
strain instrumentation and
undertake surveys of land
deformation in areas of high or
unique seismicity.

Undertake comprehensive studies
of earthquake precursors other
than seismic and strain:

Water well level
Electrical resistivity
Magnetic field

Geochemical content of ground
wateyr

Animal behavior

Establish a computer-based data
processing capability for both
real-time monitoring and analysis
of earthquake pracursors.

Develop new instrumentation and
techniques, and utilize for earth-
quake precursor detection:

Three-color laser ranging instru-
ment

Gravimeters for vertical defor-
mation
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3. Induced Sefsmicity

Recent research at Rangely, Colorado has demonstrated that fluid
pressure has a profound effect on earthquake activity. This phenomenon
was originally observed as an inadvertent effect of injecting water
underground at high pressure. In experiments at Rangely, Colorado, earth-
quakes were successfully controlled by altering the fiuid pressure within
a fault: lowering the pressure halted the earthquakes; raising the fluid
pressure above a critical value staftedV%ﬁeiggggaaﬁaké;mﬁﬁ"égaih; Injec-
tion is becoming more common with the advent of deep well disposal of
noxious wastes and secondary recovery of oil. Thus, deep-well injection
poses both a risk of increased Tocal seismicity and offers the potential
for releasing seismic energy in earthquakes that are below the damaging
lavel.

Filling reservoirs behind dams has apparently triggered earthquakes,
as large as magnitude 6 to 6 1/2 in a few cases causing damage and
loss of 1ife. Although triggering of these events by increase of fluid
pressure is Tikely to be the cause, at present there is no sound basis for
evaluating which reservoirs might trigger earthquakes, or what to do about
earthguake activity once it is stimulated. The Rangely experience suggests
that certain engineering actions may be available te 1imit reservoir-induced
seismicity.

The Rangely experiment also suggests that potentially destructive
natural earthquakes are, at least theoretically, controllable. The ability
to contrel them successfully would depend on, among other things, the

permeability of fauit zones.
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Activities
a. Reservoir-Induced Earthquakes - Determine the effects of reservoirs
on sefsmic activity and the reasons for these effects.

1} Monitor in detail the seismicity, the strain field, and the fluid
pressure at depth around major reservoirs before, during, and
after they are constructed.

b. Drilling into Fault Zones - Determine the physical properties of
fault zones and fault gouge.

1} Drill several holes into major faults and measure such properties
as permeability, porosity, elastic parameters, temperature, fluid
pressure and stress.

These activities are focused on the process of reserveir-induced
earthguakes and are considered to be supplementary to monitof?ng and
baseline studies by agencies vesponsibie for reservoirs, e.g,, the

Buresau of Reclamation and the Corps of Engineers.
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Pubtic Benefits and Technical Milestones

Studies of induced seismicity will lead to improved knowledge
about how reservoir impoundment and fluid injection in deep wells
ceuse earthquakes. This information in turn will aid in developing
better criteria for siting and operating reservoirs and injection wells.
The public will benefit from increased safety from both dam failure
and triggered earthauakes, and from savings in economic loss that could
result if a dam could not be uytilized or if construction were delayed
owing to unresclved issues velated to induced seismicity.

Progress in understanding induced seismicity requires instrumental
observations of a variety of phenomena that could be affected by
reservoirs and injection wells: seismicity, land deformation, and
fluid pressure in weils., Past studies, both in the U.S. and foreign
countries, have focused only on seismicity, and often a bare minimum
of seismograph stations have been deployed with resulting deficiencies
in data. Consequentiy, existing information on induced seismicity is
fragmentary and does not provide a sound basis for estabiishing criteria.
Comprehensive studies of Targe reservoirs are needed.

Technical milestones for induced seismicity, therefore, mark the
installation of instrumentation and the undertaking of surveys to monitor
reservoir impoundment or well injection. Such studies must precede
construction by a year or more to establish baseline data, and should
continue for several years or more depending on the nature of the project.

Interpretation of data on induced seismicity can be greatly
enhanced 1T information on the physical properties of material at

depth in the vicinity of the earthaguakes is available. For example,
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4, Hazerds Assessient

Earthouake hazards assessment involves the delineation and character-
ization of potential effects from seismically induced processes at or near
the ground surface. Estimates of how strongly and how often the ground
will shake are basic to building codes and engineering design. Knowledge
of areas susceptible to strong shaking, ground failure, surface faulting,
or inundation by tsunamis or dam failure is necessary for land-use planning
in earthquake-prone regions. Appraisals of probable damage patterns can
guide both pre- and post-disaster planning. The accurate assessment of
earthouake hazards also is a key element in effective action to take
advantage of an earthquake prediction capability.

At present, ouv ability to evaluate earthquake hazards varies con-
siderably, with the state of the art at different stages for different
hazards. For example, many faults capable of displacing the ground
syrface can be recognized and mapped, and expectable future movement can -
be estimated within reasonable Timits. In contrast, the current capability
for assessing of other types of earthquake hazards has some severe Timita-
tions. The potential effects of strong ground motion presently can be
characterized only in the most general way, and the prediction of possible
earthquake-induced landsliding or liquefaction is even more difficult.
There are few geologic or geophysical bases at present for deciding where
and how often earthquakes in the eastern and central United States are
Tikely to occur. |

This program eiement has two aspects (1) the gecgraphic delineation
ot potential earthquake hazards, initially using existing methods and

(2) the development of improved techniques.
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Activities

Earthquake Potential - Determine the expected location, size, frequency;
and characteristics of earthquakes and of associated surface faulting
for various regions of the United States.

1) Improve the Tocation, accuracy and completeness of historic
earthquake data including a relocation of poorly located historic
(both instrumental and felt) events,

2) Delineate seismically active faults by monitoring regional earth-
quake activity in selected zones of the U.S. by determining
accurate epicenters, focal depths, and focal mechanisms.

3) Investigate earthquake recurrence from analysis of Quaternary
history of individual faults.

4) Delineate seismic source areas on the basis of seismic, geologic,
and geophysical characteristics. Estimate rates of activity and
evaluate upper bound earthquakes.

5) Delineate active faults and seismic source areas and monitor
earthquake activity in selected areas of the outer continental éhe]f.

Geologic Factors Influencing Ground Motion - Develop a physjca] basis

for predicting the‘character of damaging ground motion as a functioh

of distance from a postulated earthquake and varying geologic site
conditions. |

Geologic and Hydrclogic Effects - Develop-a physical basis for

predicting the incidence, nature and extent of earthquaké—induced

ground failure and flooding.

1} Investigate mechanisms of earthquake-induced liquefaction and mass
movements; refine criteria for predicting the occurrence of ground

failure.
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2) Deve]op improved methods to predict inundation and the conseguences
.of fTobding caused by subsidence, tectonic downwarping, massive
landslides into water, tsunamis, and other secondary earthquake
effects.

3) Conduct geologic hazards evaluations of the effects of damaging
earthquakes.

d.‘ Eakthquake Hazards - Delineate geographical variations in the nature
and likelihood of occurrence of earthquake hazards.

1) Prepare refined probabilistic ground motion maps for entire
United States.

2) Expand state-of-the-art evaluation and mapping of earthquake
hazards (ground shaking and failure, surface faulting, elevation
changes, and inundation) in areas of high seismic risk; develop
new methods for probabilistic hazard evaluation, including
faulting, ground failure, and tsunami effects.

e. Earthquake Risk - Evaluate earthquake risk on a nétionwide and regional
basis.

1) Develop and improve methods for estimating damage and Toss based
on probabilistic maps of earthquake hazards. Apply methods to

estimate risk on a regional and nationwide basis.
These activities are related to programs of the Department of

Housing and Urban Development, the Nuclear Regulatary Commission, the

Department of Transportation, and the Veterans Administration.
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Development of new techniques for evaluation is also an important
product of hazards assessment research. An example is the specification
of seismic design criteria for a critical facility such as a nuclear
reactor or dam at a particular site. New methods in hazards evaluation
require synthesis of data and theory from many fields of earthquake
research and commonly entail laboratory and field investigatiors.

Conseguently, technical milestones in hazards assessment studies
mark the compietion of the data gathering or research phase of particular
studies and publication of significant contributions to the information
base for decision making. Milestones can be developed for both
geographical areas and scientific topics. Level of effort,\i.e.,
professional manpower, and dates of important publiications are both
useful measures in the case of hazards assessment.

The year of attainment of major technical milestones for each

funding option is shown in the following table.
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5. Engineering

Earthquake enginearing involves the design and development of the
physical environment to withstand earthquakes. It encompasses many
fietds including architecture, structural engineering, mechanican
engineering and systems design. It serves as a bridge between the
g&rth sciences, oceanography, and theoretical mechanics, on the one
hand, and engineevring design and construction practice, systems planning,
and social and economic assessments of hazard and risk on the other.
Erngineering studies interface with geological studies of hazards and
thelr mitigation, and with seismological studies of ground motion
and 1%s recurrence. Research in earthquake engineering aims at improving
the procedures used n engineering design, in land-use and systems planning,
and in codes and regulations. The protection of human life and
property are basic to engineering design.

The characterization of earthquake ground motions as input
motions for engineering studies depends upon the procedures used in the
design and planning process. In the design of simpie, non-critical
structures, the general level of ground motion in frequently occurring
events and the maximum probabie motion from infrequently occurring
events are both important. On the other hand, a characterization of the
time-history of anticipated motion at both levels of severity is required
in the analysis of critical facilities.

Research can define the relative motion of nearby points on the
ground surface and at different depths. These relative motions may

influence the design of extended structures such as dams, multi-span
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nacessariiy compliex. In the design of Targe or critical structures and
systems it {s necessary to develop reliable methods that ssquentiaily
‘ncrease in complexity as the design process proceeds. The economics of
the design and construction of smaller, noncritical structures does not
permit extensive or complex design or analysis of individual structures,
in spite of the fact that they comprise the largest aggregate value

of structures Tikely to be damaged.

Many systems (e.g. pipeline, water mains, power grids) must
Cross aveas wnere they are iikely to be damaged. Consequently, design
of such systems must minimize the damage, provide for temporary rerouting
of service, and perinit rapid repair and reconstruction., Similar
principles should be applied to the ptanning of fire, police and regional
hospital facilities that become critical in the immediate aftermath of
z damaging eawthquaké.

Dams, reserveoirs, tanks, and other structures that contain water
and other 1iquids pose a special set of earthquake hazards. The action
¢f the liquid within the structure creates complex ioading under the
dynamic conditions during an earthquake and the failure of such structures
can cause serious fiooding. As noted earlier in the section on induced
seismicity, large reservoirs may stimulate local seismic activity. The
extent to which this activity should influence the dam's design and
cpevration is not yet clear.

A tsunami can cause great damage to coastal regions by both inundation
znd the force of moving water. Selective land use is usually the most
sppropriate way to mitigate this impact. But the design o7 facilities that
must be located along the shore, must also aliow for the impact of the

tsunami.
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Subeiement a. Characterization of ground motion for structural analysis

and design.

Objective: Develop methods to characterize the nature of the input

motions and corresponding response of simple systems for

use in engineering analysis, planning, and design.

fctivities

]
H

Lo

[aN]

Develop anaiytic models to estimate the special characteristics of
ground metion and the acceleration, velocity, and displacement time-
histories of this motion for use as input motion in structural
analysis and design. Such modeis will inc1ude the effects of the
earthquaké source, the'trénsmissionmégéﬁ; the ambiificé%ibn é&uéed
by local site conditions, and the influence of the presence of a
structure on this motion (soil-structure interaction).

Déve?op techniques for measuring the severity of earthquake effects
based on parameters significant in.engineering analysis and

design. Apply these techniques in post-earthquake investigations

and pilet studies of zoning.

Subelement b: Acquisition of Strong-Motion Data

Ubjective: Obtain a comprehensive data base on the nature of the

earthquake motions at typical sites and in representative

structures.

Bctivities:

1.

improve the national strong-motion instrumentation network by:
{a) Replacing obsolete instruments,
(b} Instaliing adequate instrumentation arrays in all seismic

regions,
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deep foundations), and develop criteria for selecting a type of
toundation appropriate to various settings and soil conditions.
Subelement d: Investigations of Structural Response
Objective: Develop analytical procedures for characterizing the earth-
quake response of structures and structural elements based

on both analytical and experimental studies.

Activities: T
. Investigate the dynamic behavior of structures and components
experimentally to determine performance characteristics up to
ultimate capacity and to provide a basis for the formulation,
development, and validation of analytical methods of analysis and
design. This may require the development of substantial new

experimental facilities.

[N
c

Develop analytical methods to characterize the earthquake response
of siructures and structural components with an emphasis on three
dimensional, nonltinear, and inelastic behavior to ultimate capacity.
Simpiify these analytical procedures for computer aided structural
design.

Develop methods to assess the hazard vulnerability of existing

L0

structures and to upgrade their performance when subjected to
earthquake motions.
Subelement e: Studies of Specié1 Structures and Systems
Objeciive: Develop analytical methods to evaluate the earthquake
response of special types of structures (dams, critical

faciiities, bridges and other extended structures) and
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Activities:
1. Investigate all potentially damaging éarthquakes in the U.S. with
zn emphasis on correlations of damage or lack of damage with design
and construction practices.
7. Investigate earthquakes in foreign countries that are 1ikely to
provide information that can improve engineering design and construction

practices in the U.S.

These activities are related to programs of the National Bureau of
Standaras, the Department of Transportation, the Department of Housing

and Urban Development and other agencies concerned with earthquake-

resistant design of structures.
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Public Zenefiis and Technical Milestenes

The predominant public benefits from a sound earthquake engineering
research program are improvements in planning and design that lead
¢irectly to reduced casualties and property damage during an earthquake,
and indirectly reduced investment required to achieve this adequate
egarthauake performanca.

The reduction in total Tosses is accompiished by the cooperation of
a1t groups and professionals inveived in the construction process. These
include professional engineers and architects, builders, model code
and Tocal building reguiatory groups, local government officials,
and those in private industry. With the concerted assistance of all
parties the mitigation of 1ife and property losses as a result of an
garthquake can be achieved. Successful mitigation can only be realized
tavrough assimilation and dissemination of information and knowledge to
all parties concerned in its appiication.

The benefits of a well planned engineering research progiram become
apparent when one considers that construction investments alone are at
a rate of approximately $150 billion per year. Of this total amount,
$50 billion per year is located in high and moderate seismic regions of
the country. Tangibie benefits from a sound program of earthquake
mitigation include: the reduction in down time and subsequent loss of
productﬁans much of which is required for the basic needs of the

community; reduced loss of services such as water supplies, communications,
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ytility Tines, and fransportation: and reduced Toss of the %otal operation
and functioning of a comunity. Intangiblie benefits inciude the greatly

lessened social and economic disvuptions that accompany any disaster.

S

a

is only momentary in

$]
¥
mdn
]
)
g
e
o)
e
a

Although an earthouake shocl is an a
guration, 1ts devestating vesul®s may dicrupt o community and the
surrounding region for vears or even decades.

The realization of benefits from an increasaed program in earth-

aguake engineering research beovrefiectsd nrimarily in the rate at
which The reseavch resulis are incorporated inte architeciural,

engineering of any one of the
three levels of funding nroncsed will determine the priorities and rate
of accompiishment of the objectives cutlined above. Some results can

be achieved anly by in

yrebation of the resulis of future earthquakes

that are not yetl prediciziie in Bl Other results can be achieved at

a rate more direct] the rate of expenditure of funding.
The degree to which the research results will reduce Tosses in lives

and property damage wil

incorporation of the
rasearch resuits into practice.

The foilowing table indicates the anticipaied vear of attaimment of

Qz

technical milestones for each funding opiion.



Fiscal Year

_ Bey.
Technical Milestones 77 178 179 801 81| 8 |83 {184 {84

=+

i. Cnaracterization of Input Motions.

a. Improve methods based on peak _
paramatars. : o B A

b. Develop wmathoeds to include the . - C 4 B A
gifects of the source, trans-
mission path, local site
conditions, and soil-structure
interaction.

¢. bevelop methods for estimating C | B A
time~history motions, including
g¥Tects indicated in b.

d. Improve vesponse specirum tech- | , cC |- B | A
nigues for use in design to
include inelastic effects.

e. Levelop methods applicable to C AB .
underground structures.

f. Develop methods for character- . ¢ B A
1zing the earthquake severity in
terms of engineering design
parameters.

g. Develop techniques Tor including o AB
engineering parameters in micro-
zonation processes.

2, Improve the National Network of
Strong-Motion Instrumentation.

&. Replace obsolete instruments ABC
b. Develop adequate regional arrays. C B A

c. Develop special two- and three- ' C B A
dimensional arrays.

Instrument representative types C B A
of structures.

e. Develop new strong-motion C B A
instrumentation.
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e

scal Year

Bey.
82 3 83 184 1 84

Lee]

Technical HMilestones § F7 | 78 179 80

2. Improve the National Retwork of
Strong-Motion Instrumentation {cont)

f. Expand the strong-motion neiwork C B A
to inciude selected sites in
other parts of the world.

q. impr@ve the date dissemination G B : A
operations. |

3. Investiogate Dynamic Soiil Pmep rhies,
Soil Fatlures, and Foundation Desiagni

a. Develap Empwovea techniques for C B A
detervining the dynarac proo@r '
ties of s01ls both in-sity and
in the =bomt@wq

J e

b. Develop analytical methods to G B A
evaluate liguefaciion aﬁd iand-

slides.

AB

(]

c. Assess the probabiltity of
controlling soil failure during
earthguakes.

d. Investigate the dynamic response . } C B A
and design of varicus types of
foundations.

AB

()

e. Develop Criteria for the selec~
tion of types of foundations
appropriate to various seismic
settings and soil conditions.

4, Investications of Structural
Response.

a. Determine the dynamic capacify | i C B A
of components and subassemblies |
experimentally.

b. Determine the dynamic capacity | C B A
of smalil-scale structures and
substructures sxperimentally.

c. Develop analytical metheds to C B A
characterize the uitimate ca- ; |
pacity of structural systems, & : : , _ -
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Technwizal Mitestones

Fiscal Year

77

78

79

80

81

82

83

84

Bey.
84

&, Invastigaiions of Structural
Razoonse {continued).

o

d.

Develop simplified methods for
computer-aided design.

baveiop methods for assessing the
hazard vulnerability of strue-
tures and structural systems.

ZJevelop methods for assessing the
nazard vuinerability of mechani-
cal and electrical systems.

Invastigations of Special Structures
and Systems.

Go

Develop anaiysis, design, and

construction methods to minimize
the earthquake impact on
nospitals and emergency facili-
ties.

Develop anaiysis, design, and
construction methods to minimize
the earthquake impact on power
slants, utitity systems, and
ather commumity 1ifelines.

{mprove the technioues for
analyzing the response of dams,
raservoirs, tanks, etc. including
the effect of the contained
1iquids,

Improve the procedures for
analyzing the effects of waves
generated by tsunamis, seiches,
ar tandsiides on the design of
structures.

Jevelop methods for planning,
design, and construction of
48111ty and public service
facilities to minimize their
disruption during eavthquakes.

AB

AB
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Technical Milestones

Fiscal Year

77

78

79

80

g1

82

a3

84

84

Bey.

5.

Investigations of Special Structures
and Systems (continued).

f. Develop criteria for system
planning that are compatibie
with other comprehensive urban-
and regional-planning considera-
tions.

. Post-Earthquake Investigations.

a. Develop procedures for the
~investigation of potentiaiiy
damaging earthquakes with an
emphasis on coorelation of dam-
age {or lack of damage) with
design and construction practice.

b. Investigate all potentially
damaging earthquakes that are
Tikely to provide information
that can be used to improve
engineering and construction
practice in the U.S.

.
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g, Research for Utilization

The previous sections of this plan have concentrated on the develop-
ment of physical science and technology capabilities to reduce earthguake
impacts. Research has focused primarily on technologically oriented
solutions to problems of natural hazards, rather than on the social,
economic, legal, and political factors which lead to the adoption or
nonadoption of technological findings. The present section describes
activities to develop social adjustments that can be underiaken by in-
dividuals, private groups and government, especiaily at the local and
State ievel, to mitigate earthquake impacts.

In Chapter 11, possible mitigation measures were discussed which, if
adopted, could reduce earthguake impacts. Among these measures are
Preparation, Land Use, Building Codes and Standards, Insurance and Relief
Incentives, and Information and Education. While each of these is being
pursued in varying degrees and with widely divergent effeciiveness, there
is scant research that has been performed or is currently underway to
develop more effective and efficient adoption and implementation of
mitigation measures.

Changes in building codes and land-use reguiations, and the issuance
of earthquake predictions and warnings can have serious ramifications for
the social, economic, legal and political aspects of American life.
Whether a research product has a positive or negative effect in mitigating
earthguake hazards, or is ignored altogether, could depend very much on
the method of communication and utitization of the product. The use of
any research product is highly unlikely unless it is made adaptable to a

recognizable need in a form appropriate for fuifilling that need.



It is essential that a thorough analysis be made of the options for
loss reduction through social mitigation measurss--land use, preparedness,
relief, recovery, standards setting {codes). insurance, public jnformation,

and education. Adoption of an appropriate balance among these measures

a meaningful social and economic benefit-cost refationship.

The cbject of community oreparedness is to enhance the stability of

the community in time of disaster and to reducs Josses. Community pre-

paredness for earthgualkes hos proceeded on the assumption that an earth-

quake occurs without warning. In some aveas of the country, ihere may
be specific event warnings based on tha developing capability for earth-
quake predictions. Community preparadness as developed by local, State
or private entities can ba achieved both by the preparation of plans

]

for actions to be taken when the event occurs or s forecast, and by

adopting strategies in buiiding, Tand and facilities use that decrease
vuinerability.

Public reaction to the issuance oFf an earthouake prediction will be
very difficult to anticipate. 1t is clear that public information programs,
preparedness planning, and governmeniai coordination must go hand in hand
with prediction. The potential positive benefits of prediciions are clear
in the saving of lives and reduction of damege. But potential negative

effects of predictions are &ls0 present.

In public and private actions society regulates physical development
through 1ocal and State building codes, Tand use controls, building

occupancy codes, insurance requirements, morigage and finance require-

nguake safety involves

ments, taxation policies, police powers, eic. For

bl
[



decisions and actions on the part of the individual, property owner,
financing agency, architect, engineer, builder, foreman, inspector,
manufacturer of components, insurer, and appropriate officials of the
municipality or other governmental subdivision. Participants in the
dacision process are often so remote in time and oplace from the in-
dividual victim in the event of disaster that in some cases they may

feel Tittle sense of responsibility. Experience has shown that because
of the apparent Tow probability of immediate catastrophe, decision makers
tend to ignore their responsibility.

One of the problems in the transfer of technology to an intended
beneficiary is that often there is a mismatch between what is offered and
the capability of the user to implement it. Some of this disparity is
due to impediments caused by established functional responsibilities
of the user and institutions. Current understanding of the relationship
between the effective generation and implementation processes of new
information is 1imited. A sound overall utilization strategy requires an
understanding of these processes.

Objectives
& Define options for the mix of measures to mitigate earthguake
hazards by considering research, social, economic, legal, and
political barriers and incentives to policy impiementation.

& Assess public and private reqgulation impacts and develop alternatives

where necessary.

¢ Facilitate the beneficial utilization of earthquake hazard mitigation

measures by developing effective techniques for communicating

information to the public and decision makers.
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@ Increase the capability of public officials to impiement earth-
quake hazard mitigation measures through land-use planning,
preparedness planning, building regulation, and disaster response.

e Define alternatives the private sector could adopt for mitigating
earthquake hazards.

Activities

a. Allocation of Earthquake Mitigation Resources: Develop comprehensive
cost—bénefit methods of analysis Lo provide a basis for choosing among
possible earthquake mitigation actions.

1) Evaluate how pecople andlorganizaticns establish acceptable levels of
risk for low-probability and potentially catastrophic events.

2) Develop a prototypical economic model for earthquake-prone
regions for estimating the interactions among the public and
private sectors for various earthguake mitigation measures
(e.g. financial sector, building codes, land use, prediction).

3} Study the economic incentives and disincentives to correct or
eliminate existing hazardous conditions, including buildings.
This includes the avaiiability of pubiic and private financing.

4) Examine comprehensively the national implications of
regional and local earthguake mitication practices, and the
local implication of regional and national practices and
policies.

5) Develop cost-benefit analyses applicable to decisions at the

individual, group, and community levels through case studies.

[Fa]
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6)

Study alternate strategies of mitigation based on comprehensive

planning, statutory regulation, etc.

b. Preparedness: Develop a basis.for preparedness planning in antici-

pation of an impending earthquake. .

0

5)

6)

Investigate the division of functions and responsibilities
among public and private sectors and develop plans for the

coordination of preparedness and response activities,

ﬁstabiish sbéioeconomﬁc mbnﬁtéfingwfo develoﬁ b;;eTfnéiégfé
to evaluate the impact of earthquake predictions and other
mitigation procedures.

Examine the social, economic, legal, and political aspects
of earthquake predictions and develop recommendations for
maximizing the benefits of prediction.

Initiate comprehensive investigations of the legal issues
likely to be encountered in the application of earthguake
mitigation procedures.

Investigate the 1ikely political consequences of alternative
preparedness programs through case studies.

Develop model poiicies for implementing preparedness activities

on local, state, and regional basis.
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¢. Relief and Rehabilitation: Assess and develop means to provide

for the relief and rehabilitation of the disaster-struck community.

1)

2)

3)

4)

5)

Develop and implement a comprehensive program teo evaluate
relief and rehabilitation programs; develop program guidelines
to hasten community recovery and decrease future vulnerability
to earthquake and other hazard agents.

Examine the trade-offs between the provision of post-disaster
relief and rehabilitation and financial assistance for pre-
disaster hazard reduction.

Conduct long-term, longitudinal studies of the return of the
disaster-struck community, family, public agencies and
utilities to normalcy. Such studies should include all aspects
of the pre- and post-disaster periocds as well as very long
response,

Systematically conduct post-audits to collect information on
the consequences of major disasters (including non-earthguake
occurences). |

Prepare model legislation to implement relief and rehabilitation.

d. Information Flow: Develop effective methods for communicating

earthquake hazard mitigation information to decision makers and the

public.

1)

2)

Investigate the flow of information within institutions and
develop alternative ways to facilitate this flow.

Conduct training programs {(e.g. seminars, continuing education
to institutionaiize earthquake mitigation measures in State and

Tocal government,

%6



3) Establish workshops with representatives of the private sector
{e.g. engineers, architects, bankers, model code agencies) on
methods of reducing earthquake losses.

4) Initiate an information program to acquaint the publiic with
earthquake hazard mitigation measures,

5} Examine alternative information strategies for informing the
public of services and facilities availabie to reduce the
disaster’s impact.

e. Regulation and Assessment: Assess public and private regulation

impacts on the achievement of disaster mitigation.

1) Assess the impact of earthquake mitigation measures on public
and private attitudes and practices.

2) Evaluate the effectiveness of physical regulation (e.g. building
code, land-use controls, occupancies) to achieve given levels of
earthquake protection.

3) Evaluate the effectiveness of financial regulations and prac-
tices (e.g. insurance, mortgage and financial regulations,
taxation policies) to achieve given levels of earthquake
protection.

4) Evaluate the effectiveness of regulatory, operation and invest-
ment policies of pubiic utilities (e.g. water, communications,
transportation) in hazard prone areas to provide short and long
terim essential public services.

5} Prepare model jegislation for different mitigation strategies

based on matrix of seismic hazard and mitigation/benefit.
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6) Analyze the feasibility and impact of extensive local micro-

zonation.

7) Evaluate regulation and zoning changes to modify hazard of

existing buildings.

These activities are related to programs of all governmental agencies

concerned with reducing earthquake losses.,
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Public Benefits and Technical Milestones

If research is not put to practical application it becomes an
academic exercise. Therefore, in order to realize the greatesi benefit
from research it is extremely important that the results be brought to the
attention of potential user groups and/or decision making bodies

The benefits to be derived by the general public are a greater
awareness of the destruction which earthquakes can produce and the real-
ization that the extent of destruction can be ] 1m1ted by their act10ns in
preparing for the emergency 1o the extent that curwent knowledge allows.

The ultimate benefits are the reduced losses of 1ife, ﬂnjurigsﬁrapqrm
property damage, and the continued functional cperation of the general
community 1ife and activities with a minimum of disruption.

The process of applving the resuits of research to a community is
complex and varied and it invelves all the elements and activities of the
cormunity.

The local governing and regulatery bodies can henefit from the research
activities by having data and information available to assist them in their
decisions involving building code changes and approvals, land use zoning
and planning, emergency services preparation, utility preparedness for
emergency. measures, and a total plan for disaster response.

The public would benefit directly because tney would be informed of
the hazards and risks invoived and could take appropriate action to suit
their own particular situaticn. Private crganizations would benefit

because they would become aware of the dangers and risks and prepare fow

them in advance, Prafecs @nmﬁc Frnm a%i £ e?ds wguid benefit from the
application studies by incorporating the results inio their activities

at a very early stage in order to 1imit fhe tofa® lssses of the community
10

£



when a disaster occurs. The entire community will thus benefit from
the application of research results.

Thé éfssemination of fhformatioﬁ.forlhe decision makers depends
directly uhon the effort expended. To achieve an early utilization a
maximum effort shouid be initiated at an early stage in order to develop
the paths of communications and understanding. In this manner, future
research results can be disseminated rapidly and efficiently with a
maximum of utiiization.

The following table indicates the anticipated year of attainmént

of technical milestones for each funding option.

101



Technical Milestones

Fiscal Year

77

/8

75

80

81

82

84

Bey.
84

1.

Determine acceptable levels of risk
for Tow-probability and potentially
catastrophic events.

. Develop & prototypical economic

mode]l for earthgquake-prone regions
for estimating the interactions
among the public and private sectors
for various earthquake mitigation
measures (e.g., insurance, building
codes, land use, prediction).

. Determine alternative economic

incentives and disincentives to
correct or eliminate existing
hazardous conditions, including
buildings. '

. Develop methods to quantify the

national implications of regional
and local earthquake mitigation

‘practices, and the local implication

of regional and national practices
and pelicies.

. Develop cost-benefit analyses

applicable to decisicn at the
individual and group level.

. Ascertain strategies for mitigation

based on a mix of alternatives:
structural, nonstructural, sociai,
public and private practices.

Develop effective management tech-
niques for coordination of pre-
paredness activities.

. Develop and update model policies

for implementing preparedness
activities on local, State and
regional basis.

. Establish socioeconomic monitoring

to develop baseline data to evaiu-
ate the impact of earthquake
predictions and other mitigation
procedures {continuing).

ABC

ABC

BC

oz

ABC,

ABC
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Technical Milestones

Fiscal Year

77

78

79

80

81

82

83

84

Bey.
84

10.

11,

12,

13.

14.

15.

16.

17.

18.

19.

20.

Develop recommendations for maxi-
mizing the benefits of prediction.

fJevelop guideiines for the evalua-
tion of a comprehensive program for
relief and rehabilitation.

Datermine policies on the provision
o7 post-disaster relief and reha-
biiitation versus Vinancial
assistance for predisaster hazard
reduction.

Initiate long-term, longitudinal
studies of the return of the
utilities to normalcy.

Conduct post-audits to collect
information on the consequences

of major disasters (continuing for
all options),

Prepare and update model Yegisla-
tion to implement velief and
rehabilitation.

Develop alternative ways to facili-
tate information fiow to and
within institutions.

Conduct training programs to
institutionalize eavthquake miti-
gation measures in State and local
governments (continuing).

Conduct workshops with represen-
tatives of the private sector on
methods of reducing earthquake
losses {continuing}.

Initiate an information program to
gcquaint the public with earth-
quake hazard mitigation measures,

Determine the effectiveness of
physical regulation {e.g., building
code, land-use controls, occupan-
cies) to achieve given levels of
earthguake protection.

ABC

ABC

ABC

BC

BC

BC

ABC

BA

ABC
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Technical ‘Milestones

Fiscal Year

77

78

79

80

1

81

82

83

- 84

Bey.
84

21.

22.

23.

Determine the effectiveness of
financial regulations and prac-
tices (e.g., insurance, mortgage
and financial reguiations,

taxation policies) to achieve
given levels of earthquake protec-.
tion.

Determine the effectiveness of
regulatory, operational and invest-
ment policies of public utilities
(e.g., water, communications,
transportation) in hazard-prone
areas to provide short- and long-

term essential public services.

Prepare and update model Tegisla-
tion for different mitigation
strategies.

ABC

ABC

ABC

1A




IV, Utilization of Results

Scientific and technological knowledge and its appliication should
not be separated. One of the most significant benefits from the produc-
tion of such information is in its ultimate application, or in its
contribution to the process of technologically based change. Dissemination
of the results of this program of research in the most appropriate forms
15 essential. Existing mechanisms and incentives do not appear to be
zdequate, however, to assure improvement in professional practice resuit-
ing from scientific and technological advancements. Practitioners and
researchers could be more effective in communicating their knowledge,
experience, and needs among themselves and between the two groups.

Communication of information is needed by the researcher, the
practitioner, pubiic agencies, private organizations and individuals.
Research results and data must be readily available to other researchers
to form the basis for further development, evaluation and validation.
Similarly, research results must be available in an appropriate form to
those who need it. This step must be pursued carefully so that it does
not precipitate action based on inconclusive results or inadequate
understanding of the implications.

The benefits of research are best brought to the professions and
public policy-setting agencies in a synthesized form where care has been
exercised to evaluate its technical merit and its validity.

The most significant primary influences of the practitioners use of
information are legal mandates, economic considerations, and the
recognition of 1iability and professional responsibility. Effective

understanding can only be developed by the training and experience of
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practical application. Consuitants and advisors Tearn from education,
training, experience, contact with other consultants, and technical
translating bub?ications that are synthesized from research results. It
is important to note that research results per se do not have a particularly
important direct impact on the practitioner. The traditional reliance
upon conferences, workshops, libraries and educational materials, while
important intermediaries in'bringing the results of research to practice,
are in themselves incomplete.

These information flow considerations form the basis for the overall
utilization objectives:

Foster the training and experience of practicing professionals,
especially through prototype on-the-job demonstration projects.

Prepare and distribute research syntheses and technology trans-
lating publications.

Facilitate the exchange of information and experience among
practicing professionals.

These objectives will be augmented by activities that support
technology transfer, e.g.:

Workshops and conferences,

Preparation of instructional materiais,

Information and data services,

Publications.

The research process itself must be supported by readily accessible
data and results from other vresearchers. This will be achieved through
publications, information, and data services tailored to facilitate ready
access and timely availability.

One of the most important aspects of facilitating improvements in
the public's practice of earthquake mitigation 5 Lo make sure not only
that products of research and experience are channeled to the user, but
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also that those who are performing the research and who have the
experience are aware of the problems faced by the practitioner. These
needs will be met by conducting

Regular workshops of users to surface and identify problems
needing resolution,

Surveys of how practicing professionals use information,

Periodic priority assessments,

Regular evaluations of rasearch programs and projects with

emphasis on the rrogram's relationship to user needs and

capabilities.

The implementation of many of the methods developed in this program
of research will depend upon actions taken by local, regional, and State
governmental units. It is well established that in many jurisdictions
there s not as much willingness to innovate as there is to imitate.
Thus, it is Tikely that some form of incentives will be necessary to aid
communities in undertaking selected applications. In some cases it may
be in the interest of the Federal Government to provide continuing incen-
tives for the achievement of selected objectives. Notable among these
may be financial incentives to upgrade the seismic performance of
existing buildings, particularly those of special importance to the
community after an earthquake occurs.

Clearly implicit in this plan is the need for central coordination
of the interests and activities of many organizations in Federal,

State, and local governments, as well as in the private sector, all
having important roles in earthquake hazards reduction. Central
coordination of these diverse groups could best be done at a high

level in Federal Government (e.g., the Executive Office of the President).
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APPENDIX 1

Major Published Reports on Studies Needed
to Mitigate Earthquake Effects

Earthquake Prediction. Report of the Ad Hoc Panel on Earthquake

Prediction of the Office of Science and Technology, Executive
Office of the President, 1965.

Proposal for a Ten-Year National Earthquake Hazards Program. Report

of the Ad Hoc Interagency Working Group for Earthquake Research
of the Federal Council for Science and Technology, Interior--
U.S. Geological Survey, Washington, D.C., 1968.

Earthquake Engineering Research. NAE Committee on Earthquake

Engineering Research, National Academy of Sciences, Washington, D.C.,

1969.

Toward Reduction of Losses from farthquakes. NRC Committee on the

Alaska Earthquake, National Academy of Sciences, Washington, D.C.,

1969.

Seismology: Responsibilities and Requirements of a Growing Science.

Part I, Summary and Recommendations; Part II, Problems and Prospects.

NRC Committee on Seismology, National Academy of Sciences,
Washington, D.C., 1969.

Report of the Task Force on Earthquake Hazard Reduction, Program

Priorities. Office of Science and Technology, Executive Office
of the President, 1970.

The San Fernando Earthquake of February 9, 1971: Lessons from a

Moderate Larthquake on the Fringe of a Densely Populated Region,

A report of the Joint Panel on the San Fernando Earthquake,
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(Clarence R. Allen, Chairman), National Academy of Sciences and
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Earthquakes Related to Reservoir Filling, A report by the Joint Panel

on Problems Concerning Seismology and Rock Mechanics, National
Academy of Sciences and National Academy of Engineering, 1972,

Strong-Motion Engineering Seismology: The Key to Understanding and

Reducing the Damaging Effects of Earthguakes, A report of the Panel

on Strong-Motion Seismoiogy, National Academy of Sciences,
Washington, D.C., 1973.

Meeting the Earthquake Challenge: Final Report to the Legisiature,

State of California, Joint Committee on Seismic Safety,
Alfred E. Alquist, Chairman, Sacramento, California, 1974.

Earthquake Prediction and Pubiic Policy, A reporti of the Panel on

the Public Policy Implications of Earthquake Prediction, National

Academy of Sciences, Washington, D.C., 1975.

Assessment of Research on Natural Hazards, Gilbert F. White and
Jd. Eugene Haas, the MIT Press, 1975

Predicting Earthguakes: A Scientific and Technical Evaluation -

with Implications for Society, A report of the Panel on Earthquake

Prediction of the Committee on Seismology, National Academy of

Sciences, Washington, D.C., 1976
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