0L ofw"’"’«‘“ |
EARTHQUAKEf
DU}JS’ TORY

| HEAR‘INGS

BEFORE THE

SUBCOMMITTEE ON
SOIENCE RESEARCH, AND TECHNOLOGY

OF THE

- COMMITTEE ON
SCIENCE AND TECHNOLOGY |
U.S. HOUSE OF REPRESENTATIVES, '
NINETY-FOURTH CONGRESS E
~ SECOND SESSION '

JUNE 22, 23, AND 24, 1976

. [No. 811

Printed for the use of the :
- Committee on Science and Technology

* RUTGERS LW sciooL BRAKY

‘ Gf‘*«MWEN N. b OBID
@éVEF&NMENT : W&»@
| ,’Z 8/ % '77
/ [ ; l_ ’
4 ) US GOVERNMENT PRINTING OFFI\uOV 3 o @?@

7 'ﬂ6-649 (8] WASHINGTON 1976 g :




COMMITTEE ON SCIENCE AND TECHNOLOGY
'OLIN E. TEAGUE, Texas, Chairman

KEN HECHLER, West Virginia CHARLES A. MOSHER, Ohio
THOMAS N. DOWNING, Virginia ALPHONZO BELL, California
DON FUQUA, Florida . JOHN JARMAN, Oklahoma -
JAMES W. SYMINGTON, Missouri JOHN W. WYDLER, New York
WALTER FLOWERS, Alabama LARRY WINN, Jr., Kansas
ROBERT A. ROE, New Jersey LOUIS FREY, JRr., Florida

MIKE McCORMACK, Washington BARRY M. GOLDWATER, Jg., California
GEORGE E. BROWN, Jg., California MARVIN L. ESCH, Michigan
DALE MILFORD, Texas JOHN B. CONLAN, Arizona

RAY THORNTON, Arkansas GARY A. MYERS, Pennsylvania
JAMES H. SCHEUER, New York DAVID F. EMERY, Maine
RICHARD L. OTTINGER, New York LARRY PRESSLER, South Dakota

HENRY A. WAXMAN, California
PHILIP H. HAYES, Indiana

TOM HARKIN, Iowa

JIM LLOYD, California

JEROME A. AMBRO, New York
CHRISTOPHER J. DODD, Connecticut
MICHAEL T. BLOUIN, Iowa

TIM L. HALL, Illinois

ROBERT (BOB) KRUEGER, Texas
MARILYN LLOYD, Tennessee
JAMES J. BLANCHARD, Michigan
TIMOTHY E. WIRTH, Colorado

JOHN L. SWIGERT, Jr., Hrecutive Director
HAROLD A, GouLp, Deputy Director
PHILIP B. YEAGER, Counsel
FRANK R. HAMMILL, Jr., Counsel
JAMES E. WILSON, Technical Oonsultant
J. THOMAS RATCHFORD, Science Consultant
JorN D. HOLMFELD, Science Consultant
RALPH N. RBAD, T'echnical Consultant
ROBERT C. KEXCHAM, Counsel
REGINA A, DAvIs, Ohief Olerk
MICHARL A. SUPERATA, Minority Counsel

SUBCOMMITTEE ON SCIENCE, RESEARCH AND TECHNOLOGY
JAMES W. SYMINGTON, Missouri, Chairman

DON FUQUA, Florida CHARLES A. MOSHER, Ohio
WALTER FLOWERS, Alabama MARVIN L. ESCH, Michigan
MIKE McCORMACK, Washington LARRY PRESSLER, South Dakota

GEORGE E. BROWN; Jr., California
RAY THORNTON, Arkansas

JAMES H. SCHEUER, New York

TOM HARKIN, Iowa

JIM LLOYD, California
CHRISTOPHER J. DODB, Connecticut
TIM L. HALL, Illinois .

ROBERT (BOB) KRUEGER, Texas
MARILYN LLOYD, Tennessee
TIMOTHY E. WIRTH, Colorado

(I1)




CONTENTS

g WITNESSES

June 22, 1976:
The Honorable John Burton, Representative from California.__.___
The Honorable Alan Cranston, Senator from California.___________
Dr. H. Guyford Stever, Science Advisor and Director, NSF_________
Dr. V. E. McKelvey, Director, U.S. Geological Survey_____________
Dr. Richard N. Wright, Director, Center for Bu11d1ng Technology,

Mr. Thomas Dunne, Director, FDAA, Department of HUD________
June 23, 1976:
Dr. Frank Press, chairman, Department of Earth and Planetary
Sciences, MIT . __ . _ oo
Dr. Clarence Allen, Department of Geology and Geophysics, California
Institute of Technology - - -l i
Dr. Otto Nuttli, Department of Geology, St. Louis University.._.__
Dr. Karl Steinbrugge, Department of Environmental Design, Uni-
versity of California at Berkeley. . ______ ___________________
June 24, 1976:
The Honorable Frank E. Moss, Senator from Utah_ ____.__________
Dr. Gilbert White, University of Colorado_-._ ... ___________.____
Dr. Robert Whitman, MIT_________________________________.__._
Dr. James Whitcomb, Cal Teeh_________ . ______.____________
Mr. Charles Manfred California State Office of Emergency Services .

APPENDIX

FURTHER STATEMENTS FOR THE RECORD

John E. Beebe, executive director, Consulting Engineers Assocmtlon of

California . . - . o e ien :

Elmer E. Botsai, vice president, Amerlcan Institute of Architects____.__.
Henry J. Degenkolb, president, Earthquake Engmeermg Research Insti-

Robert W. Dressel, chairman, Property Insurance Committee, American
Insurance Association__ . __ i i..l_____l_.__.
James E. Jones, Jr., governmental affairs representative, American
Mutual Insurance Allianee..___ .. ___l._.__
Rx}c)hard L. Miller, president, Structural Engineers Association of San
OO0 o o o o e ie e omeie
Carl L. Monismith, chairman, Department of Civil Engineering, Uni-
. versmy of Cahforma, Berkeley . e l__
James W. Skehan, S.J., Assoclatlon of Professional Geological Scientists_ .

(111)

275
276,

284
286
290
292
293
300







EARTHQUAKE

TUESDAY, JUNE 22, 1976

HousE oF REPRESENTATIVES,
CoMMTITTEE ON SCIENCE AND TECHNOLOGY,
SUBCOMMITTEE ON ScIENCE, RESEARCH AND TECHNOLOGY
‘ ' Washington, D.C.
The subcommittee met, pursuant to notice, at 9 a.m., in room 2318,
Rayburn House Office Building, Hon. James W. Symington (chairman
of the subcommittee) presiding. : :
Mr. Symingron. Good morning, everybody. I am happy to have you
here bright and early.
Today the subcommittee begins 3 days of hearings into earthquakes.
‘The purpose of the Subcommittee on Science, Research and Tech-
nology in holding these hearings is to gather information to help de-
termine what legislation might be desirable in the area of earthquake
hazard reduction. We are going to hear that phrase “earthquake
hazard reduction” frequently in the next few days, so let me explain:
“earthquake hazard reduction,” means reducing by any available
methods the harm done by earthquakes. The methods under considera-
tion for earthquake hazard reduction cover a broad range, including,
for example, constructing earthquake-resistant buildings, preparing
earthquake emergency plans, and preventing major earthquakes from
occurring at all. ‘ ’ SR
- Before I call the first witness this morning I would like to describe
some of the events which have led to these hearings and to pose the
questions we believe to be important to investigate. 2
T the past 12 years the United States has suffered two major earth-
quakes—in Alaska during 1964 and in San Fernando, Calif. during
1971. Each of these caused about half a billion dollars damage. The
United States may expect to be subjected to equally intense earth-
quakes in the future. Even now there is in California what geologists
call an uplift—a vast area of land raised 25 centimeters or so above its
‘normal elevation—which many believe to be the precursor of a severe
earthquake. Indeed, based on the evidence of the uplift and other
factors, an earthquake has been predicted in California by a seismolo-
gist at the California Institute of Technology. The science of earth-
quake prediction has not yet progressed far beyond an art, and there
are scientific disputes over the meaning and validity of evidence
- thought by some to indicate a future earthquake. In the present in-
stance, a council of experts evaluated evidence for an earthquake in
the California uplift area and reported “The council did not conclude
that the probability of an earthquake in the area in question is signif-
icantly higher than the average for similar geologic areas of Cali-
fornia.” This subcommittee has no intention to judge that particular

ey
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dispute, but the situation is richly illustrative of the current state of
earthquake prediction. Not only are there elements of technical dis-
pute in that situation ; there are also social elements of interest.

The comparative experience of foreign counties shows the critical
importance of the social element. We might contrast events in China
and Italy. The Chinese, it is reported, embarked on a major effort in
earthquake prediction and preparedness following a destructive
earthquake in 1966. By 1975 the Chinese system had developed to the
point where an earthquake warning led to the evacuation of over a

‘million people to the outdoors, and the probable saving of tens of
thousands of lives when a destructive earthquake occurred as pre-
dicted. In Italy, according to the Washington Post, an Italian
seismologist, Raffaele Benandi, published an article in 1975 predicting
a major quake in Northern Italy. There was no program to evaluate
the prediction or to take action if it had been evaluated, and there was
no significant reaction to the prediction in the press or other media.
On Thursday, May 6, Northern Italy was hit unprepared by a major
quake and hundreds were killed. Now, I suspect that the Chinese are
more accustomed to being regimented than the Italians, and this may
explain part of the difference. It seems likely to me, however, that
the difference in Government policy was critical.

Our purpose is to determine what Government policy should be in
the United States. The Senate has already passed S. 1174, entitled the
“Earthquake Hazard Reduction Act.” That is Senator Alan Cran-
ston’s bill, as amended. Several bills have been introduced in the House
of Representatives toward the same end. My colleagues John Burton,
Alphonzo Bell, and Charles Mosher are responsible for the introduc-
tion of those bills. The executive branch has not ignored the area
either. There are continuing efforts against earthquakes in several
agencies and a recent initiative to plan for earthquake research in the
near future has been spearheaded by Guy Stever acting as the Presi-
dent’s science adviser.

We plan to address five rather broad questions during these hear-
ings. These are:

1. What is being done now by Federal and State agencies to assure
general earthquake preparedness, to predict or modify earthquakes, to
protect lives and property if a prediction is made, to render post-
carthquake assistance, or to take other actions for earthquake hazard
reduction ? ;

2. What is the current state of earthquake prediction and modifica-
tion, and what is the likely future development of these areas? What
are the costs of development likely to be ?

3. What can be done to reduce the damage done by earthquakes, and
what are the costs of taking these actions? This question is meant to
be broadly construed, and under it we hope to investigate such areas
as building design, planning, insurance, evacuation, and so forth.

4. How can the earthquake hazard reduction efforts of various
parties be coordinated ¢

5. How well do the pending bills, S. 1174, H.R. 13722, and H.R.
13845 meet the Nation’s needs in earthquake hazard reduction? We
hope to identify the virtues and deficiencies of each bill. ;

The subcommittee has assembled a group of witnesses of high com-
petence to address these questions. In the next 3 days we shall hear
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from two Senators and Congressman John Burton, from: representa-
tives of four Federal agencies with the President’s scienice advisor as
the first of those representatives, from the academic leaders in earth-
quake research and research of human beliavior related to earth-
quakes, and from representatives of State agencies.

Several of the witnesses have been to China and Russia to study
their earthquake prediction efforts. The :chairman of the National
Academy of Sciences Panel on Earthquake Prediction will appear,
as will the Cal Tech seismologist who predicts an earthquake in °
California. _

I expeet to hear much fascinating testimony this week and I look
forward to it.

Speaking of uplift in California, I always thought that referred to
the work done by my colleague, George Brown. I would like to
recognize him at this point. ‘

Mr. Brown. Thank you, Mr. Chairman.

I do not have a prepared statement. However, I do wish to peint out
the great importance to California of this legislation. I am sure the
witnesses from California will testify to the same point. California
has long been noted as a State subject to frequent and generally severe
earthquakes. And there is great concern about being able to alleviate
this situation in some fashion or another. It is no coincidence that our
distinguished Senator has offered legislation to enhance the capability
of our Nation to deal with this problem and another distinguished
California Member of the House has offered comparable legislation in
the House to accomplish this goal. I would like to indicate my own
very great appreciation to you as the chairman of this subcommittee
for the promptness with which you have shown your concern for this .
problem by scheduling hearings on the subject.

I know your own deep concern with all programs aimed at increas-
ing the scientific knowledge of this country temeet the probléms which
face us. It has obviously become true within just the past few years
that we have now an-emerging field of scientific knowledge that has
the capability of doing a great deal of good for the people of this
country. It has applications in ways which will save lives and property.
It is appropriate that you, as chairman of this subcommittee, con-
cerned with the health of the Nation’s science and technology, would
take the initiative in holding these hearings and I want to compliment
you for that. ‘

“Mr. SymiNaToN. Thank you very much, Mr. Brown.
Mr. Mosher? : ‘ .
“Mr. Mosaer. Mr. Chairman, I think T will say only that this ob-
viously is an extremely important subject. I think perhaps it is a
crucially important subject at this time. These hearings are, therefore,
important and timely and are undoubtedly past due. I salute you for
organizing this effort and I anticipate participating actively.
_ Mr. Chairman, you speak of Mr. Brown as being a symbol of uplift
in California. Of course, on our side we have a similar symbol of
uplift, Mr. Goldwater. - ' :
" Mr. SymineroN. I am quite aware of that and T would like to
recognize him, - AR

Mr. Brown. If the gentleman would yield, may I point out that both
the political and the physical uplift oceur in Mr. Goldwater’s history,
if T am not mistaken. : ' .
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Mr. SymiNgTon. It is true and we would be happy to recognize our
friind, Mr. Goldwater, at this time for any comments he wishes to
make. , :

Mr. Gopwater. Thank you, Mr. Chairman.

I recall back in 1971 waking up with most of my constituents in Los
Angeles at around 6:30 in the morning due to the earthquake that was -
centered in my congressional district. As I later on in the day looked
down upon the once three-story building that was called the veterans
hospital out near Sylmar that entrapped some 80 men, I wondered at
that point why we had not progressed further in handling natural
disasters. Previous to that, I had a forest fire that raged from one end
of my district to the Pacific coast, some 60 miles, burning out literally
millions of acres and killing untold life and destroying a lot of
property.

I also wondered why we had not really been more serious about our
concern for natural disasters, obviously one of the most devasting of
which is the earthquake. I think it is far past time that members of
the Government begin addressing themselves seriously to the whole
area of earthquake. ' :

There is a recent breakthrough, I understand, in enabling us to bet-
ter understand earthquakes and even perhaps to predict earthquakes.
I think that is good and we probably should pursue this faster and
more extensively. Not knowing what is going to happen oftentimes can
spell disaster. On the other hand, knowing what is going to happen, as
I think we have proved here, how to handle masses of populations with
regard to these predictions, with regard to evacuation and shelter, et
cetera, is a very serious question because not only do we get into the
area of prediction of the future but we also get into the whole question
of relief once the event occurs. How do we handle that? It doesn’t
matter whether it is an earthquake or a fire or a tornado or hurricane,
how do we best handle the disaster which is before us?

I feel that we have not gone very far in this whole area of address-
ing ourselves to how we adequately provide relief to specific areas.

Lastly, the thing that comes to my mind is how we can best provide
for future protection. I can only rely upon my experience dealing with
the Federal Government in the earthquake of 1971 and I watched the—
I think it was then called Office of Emergency Preparedness of the
White House—move into the area of the San Fernando Valley and
how inadequate the machinery was to really do what was needed. .

I have to say for what was available and what the experience was
that they did a good job. But they, in my opinion, were not equipped
to handle a disaster. The whole question which arose in my mind is:
Why aren’t the people who are in this business doing this, the insurance
industry, for instance, with their adjustors who are trained profes-
sionals in moving in and assessing damage and assigning value?

But instead we had bankers, accountants, contractors, people out of
jobs who are assigned the responsibility of evaluating the results of the
disaster. So I said to myself: Why is the insurance industry not more
involved in the whole area of coverage of natural disasters? We pro-
vide coverage for fires that destroy our houses. We cannot get a loan
from a bank unless we have fire coverage, an insurance policy covering
fire and theft. Yet we have nothing to cover earthquake or other nat-
ural disasters. There is earthquake coverage that you can get and there
also is water, but why don’t we have a comprehensive natural disaster
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- program. Thege are a lot.of questions that I have had in my mind, and
I think it is timely that these hearings have been provided for. And
certainly in the forefront of this has been my colleague, Al Bell, and
Senator Cranston on the other side and John Burton from up in north-
ern California, as well as Charles Mosher, who have all introduced

pieces of ‘legislation drawing our attention to the whole question of
disaster. R , i

T thank the chairman for providing this forum and opportunity.

Mr. MosHER. May I make a comment ?

Mr. SymincToN. Yes. )

- Mr. MosuEr. Lest anyone tend to think that the only concern about
carthquakes is in California~I am sure no one here would make that
mistake—we-have over here a map prepared by my staffi—in fact, pre-

‘pared by a congressional fellow in my staff—and each one of those red
circles, as I understand it, locates a very substantial earthquake that
has occurred. This means that every State is vulnerable. We need to
keep in mind that this is a matter of national concern and not just
California concern. If I am not mistaken, historically probably the
major recorded earthquake in this country occurred in Missouri and,
therefore, I am sure the chairman is concerned.

Mr. SymineTon. That is quite true and I see that one of the red dots
is probably on top of my house there. Unlike lightning, earthquakes
apparently can strike the same place twice, and so we are very con-
scious of it. Unfortunately, it has increased the cost of some housing
projects: ) :

I thank also the gentleman from California, Mr. Goldwater, for his
remarks. ‘

Our first witness today is one of the authors of a bill which is before
us. We welcome him, our good friend, Hon. John Burton, Congress-
man from California. We are hapfy to have you with us today.

[A brief biographical sketch of Mr. John L. Burton and Mr. Bur-
ton’s written testimony follow :] :

John L. Burton, Congressman from California, Fifth Congressional District,
“The Golden Gate District,” San Francisco, Marin, and southern Sonoma Coun-
ties, Democrat; younger brother of Congressman Philip Burton (D., San Fran-
cisco) ; the only:brother team serving in the Congress; raised and educated in
San Francisco public schools; B.A,, San Francisco State, 1954 ; LT, B., University
of San Frafcisco Law School, 1960; U.8. Army, 1954-56 ; dues-paying member. of

_Bartenders Union, Local 41 ; member of the California State Assembly, 1965-74;
chairman of the Assembly Rules Committee, 1971-74; sponsor of California Con-
stitutional Amendment for open legislative meetings: led the first successful veto

_override in California in 28 years to maintain hospitals for mentally ill' and men-
tally retatrded; recipient of California Society for Autistic. Children Award;
author of legislation providing the highest level of benefits for aged, blind, and
disabled of any State in the Nation; cochairman of the California Dembocratic

Delegation to the National Convention, 1972; chairman of the Ca,lifo‘x"n‘ia Demo-
cratic Party, 1978=74; active in the peace movement; dedicated to achieving so-
cial and economic justice for all peoples ; elected to the 934 Congress in a special -
-election.on June 4, 1974 ; reelected to-the %4th Congress in-November 1974 ; mar- -
~ried to the former Sharon Bain; one daughter, Kimiko; member of Comniittees

“on Government Operations, House Administration, and the Select Committee on
Aging. ‘ ;

STATEMENT OF CONGRESSMAN JouN I. BURTON

- Mr. Chdirman, I would like to thank you and members of the subcommittee
kfor the opportunity to appear and testify before ‘you this mqrning on earthquake
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legislation, especially H.R. 4892, the Earthquake Disaster Mitiggtion Aet which
I introduced on March 13, 1975,

On May 24, 1976, the Senate passed S. 1174, the Barthquake Hazard Reduction
Act, sponsored by Senator Alan Cranston. Senator Cranston has been an advocate
of earthquake research for quite a while, and I am pleased that the Congress is
taking positive action in this important area. H.R. 4892 and 8. 1174 are similar
in many respects, and I look forward to the House taking positive action as -
well,

I am particularly aware of what an earthquake can do, inasmuch as I repre-
sent a portion of San Francisco which suffered through the famous 1906 earth-
quake. As a member of the California State Assembly, I played a part in the
passage of various earthquake measures, including a Seismic Safety Act.

H.R. 4892, and an identical bill, H.R. 13453, would provide for a $50 million-a-
year, 10-year nationwide research and engineering program to develop opera-
tional methods for predicting earthquakes, an early warning system to reduce
casualties and property loss, and improved construction practices and land use
in areas of seismic risk. Scientists would also investigate ways of controlling, or
moderating the effects of, earthquakes themselves.

There is a -growing recognition that earthquakes are not just a California
problem. Studies show that 39 states, with nearly 35 percent of the population
of the United States, have been identified as lying in zones subject to moderate
to major damage, and all 50 states are subject to some earthquake hazards.

Substantial progress has already been made in earthquake prediction espe-
cially in China, Japan, and the Soviet Union, but development has lagged in the
United States primarily because of insufficient investment of funds.

H.R. 4892 would provide nearly five times more money than the federal gov-
ernment is currently putting into earthquake research and earthquake resident
engineering.

The measure gives joint responsibility to the U.S. Geological Survey and the
National Science Foundation, with the U.8.G.S. having primary responsibility
for research and implementation. The N.8.F. would concentrate on engineering,
planning, and social science.

To paraphrase an old saying, the only things in life that are certain are death,
taxes, and earthquakes. No one denies that the United States will suffer future
damaging earthquakes. Our task should be to take effective action now to miti-
gate the destructive potential of these earthquakes.

This Subcommittee will also be considering an earthquake bill authored by my
colleague from Ohio, Congressman Charles Mosher. Congressman Mosher shares
my concern in this important matter, and his measure, H.R. 13845, approaches
the problem in a different way.

The basic difference between the Cranston-Burton and the Mosher bills is one
of technique and priority. Both H.R. 4892 and 8. 1174 seek to attack the earth-
quake problem with a combination of engineering, research, and funding. The
Mosher measure seeks a solution through the use of various management organi-

i zations and techniques.

I respectfully suggest that the magnitude of the dangers posed by earthquakes,
together with the degree of death and destruction that they have inflicted in the
United States, calls for action that moves beyond the concepts advocated in H.R.
13845,

I believe that it would be a wise use of funds, and a prudent move on the part
of Congress, if an earthquake research program as proposed in H.R. 4892 were
approved and implemented.

STATEMENT OF HON. JOHN BURTON, REPRESENTATIVE FROM THE
STATE OF CALIFORNIA

Mr. Burron. Thank you very much, Mr. Chairman, and members of
the committee.

Mr. Chairman, I would like to thank you and members of the sub-
committee for the opportunity to appear and testify before you this
morning on earthquake legislation especially H.R. 4892, The bill that
introduced was the companion bill to Senator Cranston’s measure. His
bill as it passed the Senate had some changes in it that would have
changed the funding authorization from 10 years to 3 years with the
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first year providing no funds, the second year $50 million, and the
third year $60 million of authorized furnding. And the bill also pro-
vided authority to have the President direct the program with special
emphasis on involving and coordinating with the National Science
Foundation, and the U.S. Geological Survey and would assure coordi-
_nation with other Federal agencies. o

There is another bill before this committee by the distinguished
gentleman, Mr. Mosher, who is ranking on the subcommittee, that goes
basically to a structuring in management organization and techniques
of some of the present availabilities of the national agencies which
should be involved in such programs as mitigation of earthquake dis-
asters. The basic difference is that we feel it is also important at this
time to make a commitment of investment of funds to provide engi-
neering and research to show the best type of structures that may be
built in certain areas that are proximate to earthquake faults. In our
State of California I think it was in 1932, theie was an act passed
called the Field Act that stated that all public buildings had to meet
a seismic safety test. And until the earthquake of 1971 that was rather
ignored but after the earthquake, 1970 and 1971, it started to be im-
plemented and panic went throughout the various public localities
where schools had to be closed and public buildings had to be closed,
torn down, and rebuilt because they did not coincide with the stand-
ards of the so-called Field Act within our State.

California certainly isn’t the only State affected by earthquakes
but because they seem to come more frequently than they do in other
areas, we did move to establish a joint committee on seismic safety in
the State. There is seismic safety legislation in the State that unfortu-
nately doesn’ go far enough. It almost just points out the problems
and says what should be done but doesn’t provide the implementation.

I feel that the bill I have introduced, which has been coauthored
by Mr. Goldwater and others, does go a step beyond Mr. Mosher’s. Tt
does come to. the realization that there should be an investment of
funds in-the area of research, in the area of finding the right type

-of technology and erngineering that -could prevent great damage. As
I am sure the committee knows and as was stated in the Senate’s re-
port on Senator Cranston’s bill, the People’s Republic of China,
through their-early warning system or evacuation system and other
" types of pro%rams they have in an area where there was a very sub-

stantial earthquake have managed to evacuate the people and save
approximately 10,000 lives. I can remember back in 1957, I'believe, in
San Francisco, when I was attending school sitting on the ledge of the
Student Union Hall which was all glass—in effect where the cafeteria
was the glass was back to the first row here and all T heard was a
rumble and I turned around and saw this wall of glass come. It must
have been this far from my face and just snapped ‘back. And had that
entire é_{]ass wall broken, there would have been several of the students
injured. ; '

I don’t know of any statute which could have prevented that from
happening except possibly had there been an early warning system
and had there been a program that when earthquakes are predicted -
that certain areas should be evacuated for safety. That type of oc-
currence, had it reached its magnitude, would not have had an adverse
effect at least on this individua%n ' Lo ‘
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I would commend the chairman greatly for moving expeditiously
into this area, because it is one that seems rather esoteric. It is the type
of thing people don’t talk about until it happens. But I think it is our
duty, as Members of Congress, to try to be a little bit ahead of
disasters. : ‘

I think again that Mr. Mosher’s measure has merit to it. It is a
step in a meaningful direction but again I feel that time is of the es-
sence and certainly we should 'be willing to go beyond that to make
an investment of funding to provide really ways of dealing with the
subject matter. We all agree that the problem is there and we all know -
the type of calamity that-can happen. I would think a' mere adminis-
trative arrangement would solve some of the problems once the earth-
quake happened such as the problems that were faced down in Mr.
Goldwater’s district; problems that have been faced in other: areas

“after an earthquake hit, and the lack of coordination of programs.
But I believe we should go beyond that and be able with great ac-
curacy to predict potential earthquakes, to have recommended engi-
neering-structuring that in certain fault areas should be the norm in
construction and, lastly, to provide some type of meaningful evacua-
‘;ion from areas where an earthquake is likely to hit in the very near
future.

The highway system initially was developed after World War 11
as a means of evacuating people out of the areas in case of a military
disaster. One of the problems that has been found when you have an
earthquake, is that some of these highways and freeways go right. .
‘down with the rest of the buildings since they are not structurally able
to withstand seismic shock. So I:would commend to you the provisions
of the legislation that I have introduced along with Mr. Goldwater
and others. T would say that I believe the provisions of this legislation
and the provisions of Mr. Mosher’s bill are not incompatible. I believe
there is definitely an area where the concerns are the same but the
approaches. to the solution are somewhat different and they can be
married to provide the type-of legislation that not only could merit
the support of this subcommittee but I believe also-enjoy final support
by the administration. :

And I thank you.

Mr. Symingron. I want to thank you very much, Mr. Burton, for
bringing this bill before us. It is a benchmark initiative. I thank you
very much for your testimony in support of the bill and also, of course,
in analyzing the problem. ’

Are there any questions by the panel ? :

Mr. GorpwaTer. I wonderif you have any thoughts on this: I believe
in your legislation you provide the National Science Foundation as
the lead agency and I am wondering why you did it that way instead
of, say, having NASA or the U.S. Geological Survey or someone else ?

Mr. Burton. It was felt by those who did the basic research on this
problem based on the Senate hearings that the National Science
Foundation should well be the place to implement the basic research,
that USGS would develop the prediction system and monitoring, et
cetera, but it was felt, notwithstanding the Bauman amendment, that
the National Science Foundation would be the area where this type
of basic research could be implemented. I assume that is because of
the way they operate, that they lay grants out to the various institu-
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tions of higher learning, et cetera and that way it would be within
their normal function that they could draw on the expertise throu%h
_their grant system of various colleges and universities throughout the
Nation, whereas I do not know that the USGS has that type of present
situation. ) :

Butthat is what comes to my mind.

Myr. Symineron. Thank you, Mr. Goldwater.

Mr. Burron. Thank you very much, Mr. Chairman, and members
of the committee. o S L

~Mr. Symingron. We now are privileged to hear from the distin-
guished senior Senator, Senator Alan Cranston, who is here this morn-
ing to testify on the bill he has submitted. We are grateful to you,
Senator, for spending thistime with us today and we lock.forward to
‘hearing your testimony. : :

[A brief biographical sketch of Mr. Alan Cranston follows:]

Alan Granéton, Senator from California, Democrat, of Los Angeles; born in
Palo Alto, Calif.,, on June 19, 1914, son of William and Carol Cranston; reared
in Log Altos, Calil.; attended Mt. View Union High School in Los Altos, Pomona
College and University of Mexico; graduated from Stanford University, 1936;
International News Service, covering England, Germany, Italy, and Ethiopia,
1937-38 ; returned to.the United States and continued writing, 1939.; chief, foreign
language division, Office of War Information, 1940-44; enlisted in the U.S. Army,;
~1944, and served until the conclusion of World War II; national president, United

*-World  Pederalists, seeking to strengthen the United: Nations, 1949-52; wrote
- Killing of Peace, rated by the New York Times as 1 of 10 best books published
in 1945 ; founded and served as the first president of the California Democratic
Council, 1953-57; elected first. Democratic controller of California in 72 years,
1958 -reelected in 1962 ; wife;, Geneva; two sons, Rob and Kim; his business
career has been'in land investment and home construction ; elected to the United
States Senate November 5, 1968, reelected November 5, 1974 ; member : Banking,
Housing, and Urban Affairs, Labor and Public Welfare Committee, Veterans’
Affairs Committee, Budget Committee, Select Committee on Nutrition and Human
Needs. ) . :

STATEMENT OF HON. ALAN CRANSTON, SENATOR FROM THE
v STATE OF CALIFORNIA

Senator Cransron, Thank you very much. 1 am very very grateful
to you for arranging this hearing and I am also grateful to Congress-
man John Burton for his effective work on the House side on the com-

-panion measure which he introduced to S~1174. ,

I appreciate the promptness of this hearing on this measure and
your attention to the other proposals under consideration to establish
an accelerated and coordinated Federal program to reduce the many
hazards associated with earthquakes. :

I do not intend to make a lengthy statement today. You will have
an opportunity to hear from the experts over the course of your 38
days of hearings on the earthquake problem. But I do want to touch
upon a few points which need emphasis, ) ‘

First, the threat of future destructive earthquakes is a national
problem. Certainly, the Pacific Coast Statés—principally Alaska and
California—are especially vulnerable to earthquakes and related dis-
asters. Yet nearly every gtate in the Nation faces some degree of risk
from future earthquakes, and some 70 million people live in the 39
States that are wholly or partly in areas facing a risk of moderate to
major damage from future earthquakes. Earthquakes have occurred



10

in our history all over the United States, with major earthquakes in
Charleston, S.C. (1886), New Madrid, Mo. (1811~1812), Cape Ann,
Mass. (1775), Seattle, Wash. (1949) and Hebgen Lake, Mont. (1959),
and the terrible “Good Friday” earthquake in Alaska (1964).

Second, we must remember that despite a considerable seismic his-
tory, the United States has been extraordinarily lucky. Less than 1,200
people have lost their lives in U.S. earthquakes. Compare this to the
more than 20,000 Guatemalans who died earlier this year in a major
earthquake and its aftershocks. Throughout history somewhere in the
neighborhood of 74 million people have died in earthquakes. And in
just the second quarter of the 20th century, more than 350,000 people
worldwide have lost their lives in earthquakes and related disasters.

Third, the United States today faces the greatest potential danger
from earthquakes that we have ever faced. It is only in the last decade
or so that our population has become concentrated in major cities and
along our coastal regions, and major construction has occurred on
land-fill and other unstable soils. Thus, it is only very recently that
the potential for great earthquake destruction in this country has ex-
isted. Indeed, if the San Andreas Fault were to give us an encore of the
1906 San Francisco earthquake, the deaths could number in the tens
of thousands and the property damage could excess $20 billion. On top
of this, we must consider the incalculable losses resulting from the loss
of economic and social functioning. Such an earthquake would have
enorlﬁlous repercussions on our national economy and our national
psyche. :

In the past few months, many of us have grown concerned about the
existence of the so-called “Palmdale bulge”—a substantial land uplift
straddling some 100 miles along the southern section of the San An-
dreas Fault just north of Los Angeles.

If this uplift is a signal that a major earthquake will occur in the
near future—as some experts believe—then the legislation before this
committee becomes all the more urgent. Estimates of the potential
damage in the Los Angeles areas go as high as $25 billion in destroyed
property and as many as 12,000 lives lost. Such a catastrophe would
certainly have national economic repercussions.

Even if the uplift does not culminate in a destructive earthquake in
the near future, it is still in the public interest to establish a well-
funded earthquake program so that we can be better prepared for the
earthquakes that are inevitable in our future. We know that major
destructive earthquakes have struck the United States before—and not
just in California—and it is therefore logical to assume they will occur
again. A major earthquake could strike tomorrow, next year; or 30
years from now. It is irresponsible, in the face of new advances in the
sciences of earthquakes and engineering not to take preventive action -
now.

The time remaining in this second session of the 94th Congress is
preciously short. I am therefore appealing to this committee to make
every effort to complete work on a final legislative proposal before we
adjourn in October.

In closing, I would like to comment briefly on the differences in ap-
proach embodied by the bills offered by Congressman John Burton
and myself and the bill offered by the distinguished ranking minority
member of this committee, Congressman Charles Mosher. I believe the
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problem envisioned by S. 1174 and H.R. 4892 is superior in two
respects: (1) it established a national commitment to solving the
earthquake problem, and (2) it spells out a specific set of goals and
objectives backed up by an adequate level of funding. Mr. Mosher’s
proposal, on the other hand, is probably superior to mine in the area of
coordinating a Federal earthquake program that spans a large number
-of existing Federal agency responsibilities. The issue of Federal co-
ordination certainly needs this committee’s attention. I, therefore,
recommend that this committee consider how best to meld together
the program spelled out by S. 1174 and the coordination addressed by
H.R. 13845. '

The issue, to be sure, is not whose bill is finally passed, but rather
the establishment of a well-funded and effective Federal earthquake
program. I am convinced, based on my 4 years of work on'earthquake -
legislation, that the $50 million a year level of funding authorized by
S. 1174 can be effectively spent and is urgently needed. :

I deeply appreciate this opportunity to participate with the House
toward the goal of enacting legislation to establish a Federal earth-
quake hazards reduction program.

Thank you. '

I do most strongly urge action before this Congress completes its
work,

Mr. Symineroxn.. Thank you very much, Senator Cranson, for your
fine statement which will be very helpful to us. And I commend you
very much on your initiative. Are there questions for Senator
Cranston ¢ ;

Mr. Mosugr. Mr. Chairman, T would just like to say how much I
appreciate his positive comments concerning the legislation I have in-
troduced. I would like to repeat one sentence in his testimony because
-I think it is crucial. The Senator says it is irresponsible in the face of
new advances in the sciences with regard to earthquake engineering
not to take preventive action now. I think that needs to be reempha-
sized throughout these hearings and I expect it will be. I assume,
Senator, that that type of action you would agree should be com-
prehensive action which might be a wedding of the two pieces of leg-
1slation I have introduced. ’ ‘ '

Senator Cransron. That is exactly what I mean and I am greatly
encouraged by the fact that you singled out that particular section of
my remarks. . : v

Mr. Syminaron. Thank you, Mr. Mosher, and thank you very much
~ Senator Cranston. - :

Senator CransTon. Thank you. :

Mr. GoLowATER. Mr. Symington, I have some questions.

Mr. SyminaroN. I beg your pardon. ,

Mr. GoLpwATER. Senator Cranston is my good friend and a colleague
in this effort. He certainly has provided leadership and all of Califor-
nia should be thankful. There are a few questions I have concerning
the legislation. In the legislation passed in the Senate there is a pro-
vision, I believe, concerning the development and application of local
building codes. Is it your intention that the Federal Government
should be dictating to the local government on this aspect ?

Senator CraNsToN. Absolutely not. The only purpose there is to give
assistance in research that can lead to locally made decisions on codes
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thati{ would be beneficial in terms of reducing the dangers'/of earth-
quake. ;

Mr. GoLpwater. The thrust of your legislation is primarily in the
area of prediction research and development in this area. Do you feel
that we ought to be also going into the area of looking at the mecha-
nisms for providing relief? Third, there is a question which I raised in
my opening rémarks, concerning getting the Federal Government out
of the business of disaster relief and getting the private sector—specifi-
cally, T was thinking of the insurance industry, which is far more
qualified at least to provide coverage—looking into it instead of hav-
ing these disaster programs which seem to be a band-aid kind of ap-
proach after the fact. If these programs cannot develop with the pri-
vate sector, maybe a quasi-public/private insurance kind of coverage
utilizing the private sector, who are professionals in the area of mov-
ing in and making adjustments and analyzing disasters or damage or
what have you, could be developed. Do you feel that this is an ap-
propriate kind of legislation for examining that ¢

Senator Cranston. I think the matter of insurance is certainly one
that merits study and action, but it is a very complicated matter that
I think might well be kept separate from this particular piece of legis-
lation. This legislation does not address it. I think we might get bogged
down on all of the difficult details of how you might make an insur-
ance program work effectively. The focus in this legislation is more
on preventing disasters from occurring than on dealing with the con-
sequences once they have occurred. :

Mr. Gorpwater. I would like to thank you for coming over and
sharing your expertise on this matter. :

Senator CranstoN. Thank you very much. :

Mr. SymiNaToN. At this time we welcome to the witness table the
distinguished Director of the National Science Foundation and the
Science Adviser to the President, Dr. Stever, accompanied by Dr.
Charles Thiel with the Foundation. We are grateful to have you here
today, Dr. Stever, knowing that you have given much thought to this
problem, as well as the others that you face.

We look forward to hearing your testimony.

[Brief biographical sketches of Dr. H. Guyford Stever and Dr.
Charles Thiel follow:] s

DRr. H. GUYFORD STEVER

Dr. H. Guyford Stever assumed the post of Director of the National Science
Foundation on February 1, 1972, following his nomination by the President to a
six-year term and his unanimous confirmation by the Senate.

In addition to his duties as Director of the Foundation, Dr. Stever has been
named Science Adviser and Chairman of the Federal Council for Science and
Technology by the President.

He is also the U.S. Chairman of the U.S.-U.8.8.R. Joint Commission on Scien-
tific and Technical Cooperation; Chairman of the Board of Governors of the
U.S.~Israel Bi-national Science Foundation ; and Chairman of the Energy R. & D.
Advisory Council.

Dr. Stever is a member of the National Science Board and Chairman of the
Board’s Executive Committee. He is also a member of the Energy Resources
Council ; President’s Committee on the National Medal of Science; National
Council on Educational Research; National Cancer Advisory Board; National
Cancer Institute; U.S.—Japan Committee on Scientific Cooperation; Federal
Council on the Arts and the Humanities; the Senior Executives Council of The
Conference Board?® and.the Joint U.S.-Saudi Arabia Commission on Economic
Cooperation. :
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Prior to his appomtment to head NSF, Dr. Stever has served as President of
Carnegie-Mellon University .(and one of its predecessors, Carnegie Institute of
Technology) since February 1965. His presidency was marked by significant
change and growth in the university.

Before his appointment to the Presidency of CMU, Dr. Stever served on the
faculty of the Massachusetts Institute of Technology for more than 20 years.
He held positions which included Head of the Departments of Mechanical Engi-
neering, Naval Architecture, and Marine Engineering (1961-1965) ; Professor of
Aeronautical Engineering (1956-1965) ; and Associate Dean of Engineering
(1956-1959). He was Science Liaison Officer at the London Mission of the Office
. of Scientific Research and Development from 1942 to 1945. :

During the time he was at'MIT, Dr. Stever achieved prominence as an educa-
tor and in his service to the Federal Government. He was Chief Scientist of the
U.8. Air Force from 1955 to 1956 and was a member of the Advisory Panel to
the House of Representatives Committee on Science and Astronautics from 1959
until 1972. He was a member of the President’s Commission on the Patent System-
from 1965 to 1967 and Chairman of the Commission’s Ad Hoc Science Panel. Dr.
Stever also has headed many other aeronautlcal and scientific advisory commit-
tees at the Federal level.

Professionally, Dr. Stever has speaahzed in aeronautical missile, and space-
craft engineering, design, and performance, particularly aerodynamics ; radiation
physies; scientific and engineering education; university admmistratlon and
science policy, with principal contributions in the fields of high speed ﬂows of
compressible fluids and control and guxdance of flight vehicles. He is best known
for his work on condensation phenomena in high speed flows and the growth of
the boundary layer behind a shockwave. He has pioneered in missile guidance,
and increased our understanding of the stability and control of transonic aircraft.

As an internationally-known expert on aeronautical engineering and space
teehnology, Dr. Stever has often been honored for his work in both fields and for
his service to the Government. He is a member of the National Academy of
Sciences, National Academy of Engineering (Chairman, Aeronautical and Space
Engineering Board, 1967-1969), Institute of Aeronautical Sciences (Vice-Presi-
dent, 1958-1959 ;- President, 1960-1962), American Physical Society, American
Institute of Aeronautics and Astronautics (Fellow), American Academy of Arts
and Sciences, Royal Aeronautical Association, American Association for the
Advancement of Science, Phi Beta Kappa, and other organizations. :

Dr. Stever received his A.B. from Colgate University in 1938 and his Ph.D. in
physics from. California Institute of Technology in 1941. He has received 14
honorary degrees and other honors; including. the President’s Certificate of Merit,
1948 ; Exceptional Civilian Service Award, U.S. Air Force, 1956; Scott Gold
Medal American -Ordnance Association, 1960 Distmguiéhed wallc Service
Medal, Department of Defense, 1968; he was named Pittsburgh’s “Man of the
Year” by the Junior Chamber of Commerce in 1966; and was appointed an
Honorary Councilor of the Superior Council for Scientiﬁc Research of Spain in
1975, i

He is the author of more than 45 published articles, papers, or chapters on
scientific, technical, educational, and science policy matters.

Dr. Stever is married to the former Louise Risley Floyd. They have two daugh-
ters, Sarah Newell and Margarette Rlsley, and two sons, Horton'Guyford, Jr. and
Roy Risley.

CHARLES C. THIEL, Jr.

Dr. Charles C. Thiel is Acting Director and Deputy Dlreetor, Division of Ad-
vanced Environmental Research and Technology, Directorate for Research Ap-
plications, National Science Foundation. He was born in 1940 in Chicago, Illinois,~
and received his education at a number of schools throughout the country, prior
to receiving a Ph.D., in Engineering Sciences from Purdue University. Prior to
joining the Foundation’s staff, he was a research engineer for the General Tech-
nology Corporation and a member of the Purdue University faculty. Within the
National Science Foundation, Dr. Thiel was program manager for Earthquake
Engineering prior to assuming management responsibilities within the division.
Dr. Thiel organized and chairs the Interagency Discussion Group on Disaster

" Mitigation. Internationally, he is a membér of the Joint Committee of the Us/
USSR Agreement on Housing and Other Construction and serves as Chairman
of the Construction in Seismic areas group. He also is Task Group Chairman for
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Engineering Seismology of the US/USSR Agreement on Cooperation in the Field
of Environmental Protection. Dr. Thiel serves on several professional committees,
is a member of several professional societies, has served on organizing commit-
tees for national meetings, and has published in his areas of specialty.

STATEMENT OF DR. H. GUYFORD STEVER, SCIENCE ADVISER TO
THE PRESIDENT AND DIRECTOR, NATIONAL SCIENCE FOUNDA-
TION, ACCOMPANIED BY DR. CHARLES THIEL

Dr. Stever. Thank you very much, Mr. Chairman and members of
the subcommittee.

I am pleased to have this opportunity to discuss with you the Fed-
eral activities for reducing the hazards of earthquakes and their rela-
tion to the several bills—all dealing with earthquake hazard reduc-
tion—now pending before the subcommittee.

In the opinion of most Americans, I would say, earthquake hazards
in the United States are limited to the Pacific coast, especially to Cali-
fornia. When we talk of earthquakes, we talk of San Francisco in 1906,
Long Beach in 1933, Alaska in 1964, and San Fernando in 1971.

But major earthquakes are by no means unknown to the rest of the
country. Earthquakes occurred in the St. Lawrence River region on
several occasions from 1650 to 1928, in the vicinity of Boston 1 1755,
in the Central Mississippi Valley at New Madrid, Mo., in 1811 and
1812, in Charleston, S.C., in 1886, and at Hebgen Lake, Mont., in 1959.

What’s more, earthquakes affect 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 por-
tions of 39 States lie in regions of major and moderate risk—with a
combined population in 1970 of more than 70 million persons.

Fortunately, a damaging earthquake at a given site is a relatively
rare event in this country. And perhaps that is why the average annual
loss from earthquakes is relatively low. During the past century, it has
amounted to about $30 million per year. ;

Still, historical data can be misleading. The development of dense
populations in seismically hazardous regions, for example, is a rela-
tively recent phenomenon in the United States. If such development
continues, an NSF funded project estimates the average loss for the
rest of this century resulting from earthquakes could exceed $1 billion

er year. ‘ :
. Mr. Chairman, it is a very interesting experience to fly down the
San Andreas Fault in California and discover new communities, dams,
and new freeways—just amazing construction. Right across that fault
runs one of the finest scientific instruments in the world, the linear
accelerator at Stanford University. So we have built where there
is great danger.

A recurrence of earthquakes at specific sites, of course, is estimated to
result in much greater damage and loss. Another catostrophic San
Francisco earthquake, for example, could, in the worst possible case,
cause losses in the tens of billions of dollars. Clearly, earthquakes
now pose an increasingly costly threat to the local and national
community.
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As you know, two items of the past year have brought renewed
attentlon to the threat of earthquakes. In China, a major earthquake
of magnitude 7.3 destroyed the town of Haicheng and damaged indus-
trial plants. In the Los Angeles area, Geological Survey scientists re-
ported an uplift of the earth’s crust along a section of the San Andreas
fault, a section said to have been “quiet” for the past 40 years. This
uplift is not equivalent to an earthquake prediction, since such uplifts
arenot always followed by a major earthquake. ~

The two items are unrelated and unconnected, yet both draw in-
creased attention to this subject. Chinese scientists actually predicted
the Haicheng quake, the population was removed from hazardous
buildings, and few were killed even though 1 million live in the area.
In the opinion of one California scientist, seismic velocity anomalies
along the San Andreas uplift near Palmdale indicate an earthquake of
magnitude 5.5 to 6.5 within the next year.

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 science advisory committees known as the
Baker-Ramo Committees, then examining new opportunities in
science, determined that the area of eart}%quake hazard reduction
might be an area where increased research could be especially bene-
ficial. Discussion of this subject among officials of the executive branch
led to a recommendation on my part and others, approved by the
President, that a program to monitor the Palmdale uplife and evaluate
the resulting data be undertaken. This has resulted in the reprogram-
ing of $2.6 million in research funds for the Geological Survey, of
which $2.1 million is to monitor the scientific implications of the uplift
and $0.5 million is to increase their earthquake prediction research pro-
gram. Whether this uplift is a premonitor of an earthquake is as yet
unclear. The research to be undertaken by the (eological Survey is
intended to help determine whether this is.indeed the case.

The growing prospects for earthquake prediction, based in part of
the still tentative experience of the Chinese, Japanese, and the Soviets,
suggest that in coming decades we may have a capability to predict
earthquakes in the United States. The achievement of prediction will,
in part, be limited by the capability and capacity of our scientists to
observe and interpret premonitory effects. It should be noted, however,
that unless local communities have made changes in their land use
and building codes to reduce earthquake vulnerability over long
periods, the capability to predict an earthquake would not result in.as
much reduction in property damage and life loss as otherwise would
be possible. , :

All impacts of an earthquake ultimately revolve around property
damage. Damaged or collapsing structures are the source of most life
loss and injury during an earthquake. While the Federal Govern-
ment has been funding most earthquake prediction and hazard miti-
gation research, the principal responsibility for using this knowledge
through the reduction of building damage during an earthquake rests
with State and local governments and private individuals. Thus, the
actual limitation of the impact of earthquake prediction lies in non-

Federal hands. ’ » SO
~ As noted above, the reprograming of funds from the NSF and the
USGS to undertake a $2.6 million research activity will help us under-
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stand the Palmdale uplift as a possible premonitory effort of a major
southern California earthquake. In addition, NSF and USGS are
jointly preparing a plan to outline the research which would be neces-
sary to provide the technological base for making predictions, chang-
ing building codes, and restructuring land use. An advisory group
on earthquake prediction and hazard mitigation has been established
and held its first meeting on June 14. Based upon a draft plan to be
presented to this group and their deliberations, a revised plan will
be prepared for submission by the Science Adviser to the President.
This plan will form the basis for consideration by the affected agencies
in preparation of their fiscal year 1978 and subsequent budget pro-
posals in these areas.

At this point, Mr. Chairman, let me discuss the three bills pending
before the subcommittee. The first, the Earthquake Hazard Reduc-
tion Act, S. 1174, as introduced by Senator Cranston and passed by
the Senate, provides for the establishment of a program in research
on earthquake hazard mitigation. The Earthquake Reduction and
Preparedness Act of 1975, H.R. 13722, introduced by Mr. Bell, would -
establish a Federal research program on prediction and control and
provide for earthquake prediction preparedness. The National Earth-
quake Hazards Reduction Conference Act, H.R. 13845, introduced by
Mzr. Mosher, provides for the establishment of a National Earthquake
Hazards Reduction Conference. -

I might point out that the NSF and the USGS have the authority
to pursue research on earthqiiakes and indeed are doing so. They have
received authorization and appropriation in the areas covered by
S. 1174. Thus, the Cranston bill would direct Federal agencies to under-
take numerous activities for which they already have the authority.

‘As I have noted, an advisory group in earthquake prediction and
hazard mitigation is preparing a plan for research which will identify
types of actions needed to reduce earthquake impacts. Under the Fed-
eral Disaster Assistance Act of 1974, Public Law 93-288, the Federal
Disaster Assistance Administration of HUD is delegated responsibil-
ity for the warning of impending natural disasters, including earth-
quakes. HUD redelegated its authority concerning earthquake warning
to Interior; specifically, the director of the USGS has been delegated
responsibility for the issuance of earthquake predictions. Thus, it
would appear that the proposals of the Bell bill are being accomplished
through current executive action.

There has been considerable experience within the executive on the
operation of large Federal committees to achieve specific purposes.
The establishment of a 29-member conference which includes 22 Fed-
eral officials may be unwieldy. The objectives set out for this confer-
ence are probably most readily accomplished with a smaller, more
focused group. If additional coordination is necessary, the question
must be asked: Can it be accomplished under the broad authority in
the Federal Disaster Assistance Act of 1974, or is more legislation
needed to achieve effective coordination? There are already several
formal and informal mechanisms that provide some degree of
coordination. ,

Dr. McKelvey will describe an organization which the Geological
Survey has established for this purpose. Further, an interagency dis-
cussion group on disaster mitigation, hosted by the RANN program of
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NSF, meets monthly to discuss not only earthquakes, but other sorts of
disaster agents. By the way, it is a completely informal group. On the
other hand, it publishes a newsletter. That newsletter on disasters has
gone through 11 editions. While it is not at all clear that yet another
coordinating body should be established, the executive branch is re-
viewing this question., . - i ’

If another sort of coordinating body should be established, there may
be adequate legislative authority to do so under the Federal Disaster
Assistance Act and the legislation which recently created the Office of
Science and Technology Policy. S -

Summing up, let me say, the administration agrees with the broad
-objectives of these three bills, two of which are : Reduction of property
. loss and personal injuries from earthquakes is a desirable and poten-
‘tial achievable goal; many private, local, State, and Federal decisions
need to be coordinated in order to help achieve that broad goal.

Then there are two which are implicit in the bill: The Federal role
is limited to conducting research and attempting to develop the tech-
nological base to enable reliable warnings to be issued in the future;
and budget resources to support the Federal role in this program area
will need to be fully justified in terms of program priorities and in-
vestient timing. ‘ » " v

We believe existing authorities are adequate, but should our cur-
rent effort in developing a program plan reveal some deficiency which
would require additional authority, the administration would make -
the legislative proposal it believes appropriate. Accordingly, we rec-
ommend that the committee defer action on these three bills. . :

Mr. Chairman,.in saying that, I do not want at all to say that action
on earthquakes is unimportant. What T am pointing out is that the au-
thority to do the job is there. What we really have to do is to find out
how much money is needed and from which parts of the society it is
needed to do the job. . '

Mr. SymiNeToN. May Linterrupt at that point?

Dr. Stever. Yes. o ‘ :

Mr. SymingroN. The authority you say is there and what you need
to find out is whether the money is there. Is this what prompted you
to considerit at all at this point in time? , . e

Dr. Stever. It has been under observation for some time, and money
has been spent in both USGS and NSF. The recent events which have
called everybody’s attention to this phenomenon have enlivened activ-
ity all around. But my personal feeling is that when the chips are
down we are going to have to figure out how much money is needed
by each of these agencies to do the job properly and which agency is to
do it. That is the real problem. :

Mr. Mosuzr. Will the gentleman yield ¢

Mr. Symingron. Yes. : v A g

Mr. MosuEr. Dr. Stever, are you implyin§ that probably these
agencies do not have sufficient funds at this time ? A

Dr. Stever, My personal feeling is that we should strengthen the
programs, and I think this is what we are trying to look at.

Let me turn to the programs of the National Science Foundation.
Here my discussion will touch on the nature of the problem, the pos-
sibilities for adjustments to reduce earthquake impacts, and the NSF
research program. v : -
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Earthquakes impact the community in three distinct ways: Through
direct loss of life, injury, and property damage ; through indirect losses
and costs incurred in the operation of disaster relief and rehabilitation
programs, loss of income due to business disruption, personal injury,
and disaster-caused physiological problems; through current invest-
ments in capital structure, restructured land or facility use, and con-
demnation of hazardous structures to achieve adequate performance.

This latter point is particularly important since overinvestment to
achieve community earthquake safety may retard the achievement of
individual and community goals, just as underinvestment may increase
future suffering. Clearly there are real costs in condemning buildings,
changing building codes, and restructuring land use.

Current knowledge of earthquake vulnerability and the social and
technical means to moderate earthquake impacts is net sufficient to
chart an economic, practical course through the maze of actions that
might be taken to affect earthquake impacts. The life loss, injury, prop-
erty damage, and economic and social disruption caused by an earth-
quake occurrence result from public and private decisions made at
virtually every level—from the individual to the corporation, from
local to- Federal Government. The majority of these decisions are made
by private individuals or groups who are selecting alternatives for
their actions—actions unconstrained by public regulation or require-
ments or constrained at-most by some form of minimally prescriptive
requirement—~for example, building code, tax regulation, investment
incentive. : ‘ :

The general objective of any individual or group attempting to deal
with a potential earthquake is to control the consequences of the event
through adjusting its impacts. Possible adjustments the decisionmaker
may seek to accomplish are:

Control the event by prevention or modification of the event.

Construct facilities so as to perform acceptably during and after the
event.

Plan for the warning, response, and recovery from the event.

Distribute the economic risk, for example, through insurance and
redevelopment loans.

Generate and select alternative physical development plans.

Adopt and enforce zoning, construction, and management standards.

Clearly these adjustments are both physical and social in nature and
they depend critically on each other. Moreover, a balanced combination
of adjustments will undoubtedly yield the maximum benefit in rela-
tion to social and economic costs over a period of time. Some estimated
benefits resulting from such adjustments are :

The restriction of population growth in high-damage-potential areas
in the San Francisco Bay area could reduce the impact of a recur-
rence of the 1906 earthquake early in the next century by one quarter—
if adopted now. That, of course, is entirely a decision of the people in
the area, and I am not suggesting that the Federal Government should
press for such action. '

Reinforcement of hazardous structures in the 47 highest hazard
counties in the United States could reduce losses by one quarter per
year. The costs incurred could be enormous.

Replacement of hazardous buildings 10 years earlier than normal
could reduce the Nation’s loss from 5 to 10 percent by the turn of the
century.
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Improvement of building codes by the doubling of lateral force re-
quirements for new construction could reduce the national annual
loss by some 10 percent by the turn of the century. - - S

The impacts of these adjustments are preliminary but indicative,
and do not make allowance for the cost of achieving tlie adjustment.
It 1s important to note, however, that better earthquake disaster
policies will reduce the impact of other hazards such as accidents, ex-
plosions, and extreme winds. In addition, many of the benefits will
accrue to the public at large as well as those directly affected. Public
Law 93-288, the Disaster Relief Act of 1974, established a broad, pro-
gram of relief and rehabilitation for disaster-struck communities.
Thus-a reduction in an earthquake’s impact translates directly into
reduced Federal expenditures under this act to aid the victims and
restore the community. 4

At this time, there is a crucial need to determine the full costs asso-
ciated with achieving these beneficial adjustments, The development
of effective methods to estimate these costs requires joint effort in the
application of research, experience, and good judgment.

Since its inception, the National Science Foundation has supported
research on earthquakes and their effects. Our program has two major
thrusts: basic research in the Earth sciences and applied research in
earthquake engineering and public policy. ' ,

Basic research is focused in the Division of Earth Sciences pro-
grams on geophysics and ocean sediment coring. The latter program’s
support_of drilling in the central Atlantic has provided widely
accepted evidence for the plate tetonic theory of the Earth’s crust.
This theory has greatly enhanced our understanding of the mecha-
nisms of earthquake generation and has provided an explanation for
the general location of most earthquakes along plate boundaries. The
geophysics program has. supported over the past two decades the
Nation’s principal academic activity in seismology, geophysics, and
geology as they relate to earthquakes. The basic knowledge developed
under its support sets the limits on that which can be expected to be
accomplished in the near future, v A

Applied research is centered in the Foundation’s research applied to
national needs program (RANN). Earthquake engineering research
has been supported by RANN since its inception. After the 1971 San
Fernando earthquake, RANN broadened the scope of the program to
include all those aspects of problem-focused research that could poten- -

- tially reduce the public’s exposure to earthquake losses. L

The general objective of the earthquake engineering program is to
develop methods that allow decisionmakers to control the consequences
of earthquake occurrences. The specific objectives of the prograin are
ag follows: o

DESIGN

Dcvelomhent. ‘o_f economically feasible design and construction
methods for building earthquake-resistant structures of all types..

LAND USE

. Development of procedures for integraﬁng information on seismic
risk with land use planning processes. ' - :
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SOCIOECONOMICS

Development of an improved understanding of socioeconomic con-
sequences of individual and community decisions on earthquake-
related 1ssues.-

UTILIZATION

Presentation of program results in forms most suitable for the user
communities.

The RANN program does not include the topics of the scientific
basis for earthquake prediction and control. Basic and applied research
in these areas are respectively supported by the NSF Earth Science
Division and the USGS.

I would like to take a few minutes to discuss two specific initiatives
that we have undertaken. The first is the cooperative Federal program
on building practices for disaster mitigation which is a major utiliza-
tion effort initiated and supported by NSF and conducted by NBS.
The purpose of this work is to develop comprehensive, nationally
applicable seismic design provisions for buildings through the inte-
gration of activities and resources in Federal agencies, professional
organizations, private practitioners, State and local governments, and
researchers. It involves a concentrated effort to update, expand, and
substantially revise present seismic design provisions to incorporate
the latest state-of-the-art research results. The public relies heavily on
building codes to foster a constructed environment that protects life
and limb from the hazards of fire, wind, and earthquake. For the most
part, the seismic provisions adopted throughout the country are based
on documents prepared in the 1950’s, Thus, the products of the co-
operative Federal program will fill a vital public need. The draft pro-
visions are now out for review. The publication of the final provisions
and associated commentaries will take place early next year. At that
time, they will be available for incorporation into building codes. I
am sure that you can appreciate the size and complexity of thisunique
effort to collect, evaluate, and synthesize the products of two decades
into an economically realistic set of building provisions applicable in
a national context.

The second initiative involves research on the public consequences
of earthquake mitigation. As part of a comprehensive assessment of
natural hazards, a major examination was made of the mix of available
policies and procedures. This has formed in part the basis for future
program dévelopment. : :

In addition, we have supported a major effort under Dr. Haas, an
associate of Dr. White who will appear later in these hearings, to
investigate the “socioeconomic and political consequences of earth-
quake prediction.” I might add that earthquake prediction presents
a number of problems not encountered in the warning programs asso-
ciated with other hazards.

For the next decades, the earthquake vulnerability of our cities
will be dominated by those older structures now standing that cannot
be expected to withstand a major shake. The biggest challenge to the
public official is to develop economically -and politically realistic pro-
cedures and policies for the condemnation of substandard structures.
And for their reinforcement, replacement, or abandonment. Earth-
quake prediction in conjunction with building practices to reinforce
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these hazardous structures:-is in all:likelihood the only économically
and politically practical method to reduce life loss and prqu_rty dam-
age in the next few decades. The development of these building prac-
tices and the prediction capability are now limited.

The possibility of predicting events to take place 10 years hence
greatly complicates the public policy decisions that must be made. It
1s important to note that the multiplicity of issues presented by such
a prediction are at an early state of investigation.

This concludes my statement, Mr, Chairman, and I will be pleased

-to answer any questions that you and members of the subcommittee
may have.

Mr. Symineron. Thank you very much, Dr, Stever, for your fine
statement. Clearly, there are some things happening in the Govern-
ment and in the administration and elsewhere that have impact. on the
problem. I wonder if you could state again suecinctly why you would
object to this kind of congressional initiative at this time to essentially
find and declare the States which are vulnerable to earthquakes and
to set up a somewhat more systematic way of dealing with it ¥

Dr. Stever. I guess, Mr. Chairman, my own personal feeling is that
the problem is very heavily concentrated outside the Federal Govern-
ment. Authorization to do many of the things that have been sug-
gested in these bills seems to be there. It is clear in my view that we
have not—although I am now speaking for myself—that we have not
supported enough the work of prediction and the technological work
that is the responsibility of the Federal Government, but the tremen-
dmi{s load still devolves onto the State, local, and private decision-
makers, : ,

I 'will say this: The attention that has been brought to this problem
by the authorization bills in' front of us is very important. It has

_brought an understanding to the scientific community, the concerned
community, the people who have these responsibilities in the local
centers, and the general public who just worry that they are in danger.
This attention has brought that understanding together; in that re-
spect it is of great importance. I do come back to the point that the
science may be outrunning our sociogovernmental capability: ,

Mr. SymingroN. That 1s why we want to address legislation to en-
able the political structure to catch up with science. Where is the locus
of responsibility in the Government for earthquake prediction and
measures to mitigate the damage today ¢

Dr. Stever. T am sorry, is that a question, or thought it might be .
a rhetorical question.

My, Symineron. It is a question. - : :

Dr. Stever. I think the Disaster Assistance Act clearly says that it
is the intent of Congress by this act to provide an orderly and con-
tinuing means of assistance by the Federal and State and local govern-
ments 1n carrying out their responsibilities to alleviate the suffering
‘and damage which result from such disasters. ‘One of these forms of
assistance is achieving general coordination and responsiveness of
disaster preparedness and relief programs, : , .

Another is to encourage hazard mitigation measures to reduce losses
from disasters, including the development of appropriate land use
and construction regulations. And somewhere in the act there is some-
thing having to do with research. : :
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In section 2, application of science and technology and research, the
President is authorized to establish a program of disaster prepared-
ness that utilizes the services of all the appropriate agencies, including
the Defense Civil Preparedness Agency.

So authorization seems to be there, but with so many actions of
government, authorizations may drift unnoticed, and, in fact, it takes
emergencies or something to tell us that we are actually holding the
authorization to do things and get these programs going.

Mr. SymineroN. That is a very broad range of responsibility that
devolves upon the Government for disaster relief. I think the focus
on earthquake prediction and mitigation is somewhat diluted there.
Tt seems to have gotten lost in this shuffle. What Government initiative
do you anticipate would bring it back into proper focus under the
existing structure without any further assistance from Congress?

Dr. Stever. There is going to have to be assistance from the Con-
gress. I actually think that the appropriations must be strengthened.
I think that the oversight function—asking what are we doing about
coordinating these groups with respect to earthquakes—is a function
of the Congress. And mind you, I am glad that what we see happening
is happening because all of this discussion does represent a change
in which the science has made progress to a point where maybe we can
take some of the authorizations more seriously than we have in the
past. v

However, I do want to point out that just aiming at the money that
will be spent by the Federal Government is only one small portion
of the job.

Mr. Symineron. The Disaster Relief Act kind of divides up re-
sponsibility among different agencies, doesn’t it ¢

Dr. Stever. It delegates it to HUD and with respect to earthquakes
HUD has redelegated it to Interior and the Geological Survey for
earthquake prediction and warning.

Mr. SyminetoN. Doesn’t anybody want to take it onj is that the
trouble?

Mr. GoLpwarer. Mr. Chairman ?

Mr. SYMINGTON. Yes.

Mr. GoLpwater. I think we are getting into an area of the problem
that we will have to address ourselves to sometime, that is, the prolif-
eration in this whole area. I notice that our colleague from Kansas,
Larry Winn, generated some interest in tornado work. I think that
is now under NASA. They are doing most of that work; is that
correct ?

Dr. Stever. I would think NOAA would be.

Mr. GoupwaTer. We have NOAA doing tornado work and
USGS— ‘

Dr. Stever. And NSF does work in this area too.

Mr. GoLowaTEr. Obviously, we want to call the expertise here into
being, but who is the lead agency ? T wonder if Dr: Stever has thought
about this and how you see it. We have hurricanes and tornadoes and
earthquakes and they all cause disasters.

It seems that the Federal Government has its hand in each disaster.

Dr. Stever. I think, Mr. Goldwater, there is no question that co-
ordination is one of the toughest things we do in the Government and
we should do more and more effectively. I think the bill that has been
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put out by this committee on the science advisory mechanism in the
White House will help, but it will take more than that. I think it is
very important to pinpoint the responsibility in agencies for these
different disasters. .
- Mr. GotpwaTer. Where do you think the lead should be? Where is
the logical place for all of this to be centered ¢
- Dr. Stever. For Federal Government action, I think the Depart-
ment of the Interior and the U.S. Geological Survey,as far as earth-
quake prediction is concerned. But we still have a tough problem: a
lot of the action to be taken that will save lives is the responsibility of
the private sector and the State and local areas. We can coordinate
and bring them together. ‘ : : .

Your State, because of the repetition of earthquakes throughout its
history, began a long time ago to take the correct action with respect
to building codes. :

Mr. GoLpwater. I think the main concern here is the research and
development, the R. & D. money spent.to better understand these phe-
nomena which then gives us some direction as to how we are going
to respond. L S

Dr. Stever. Mr. Goldwater, there is another important fact. The
agencies that have to do with land use as opposed to building codes are
terribly important in this effort, because, again, while your State has
its building codes very well in hand, I think the land use problem in
the State of California is one which will have to be addressed carefully.

Mr. Gorpwarer. You are not advocating that the Federal Govern-
ment take over the land use problem.

Dr. Srevir. That is the point. That is not what I recommend.

Mr. Symineron. Maybe they could just tell them when they have
a disastrous land use policy. - ;

Dr. Stever. Mr. Symington, let me say another thing: While I did
“say I thought that some of the authorizing legislation being talked
-about here is repetitive and we already have it, the very fact that you

bring out this point is very important, because you have to bring these
matters to the attention of those land use groups'in California or any
other State—there are tens of thousands of them.

Mr: Symingron. We will recess for a moment,

[ Recess.]

Mr. Brown. The subcommittee will reconvene.

The other members will be here shortly. o ,

Dr. Stever, just a minor question : T the first part of your statement
you made some reference to the area over which earthquakes could be
felt which puzzled me.a little bit. How do you define the area over
which. earthquakes are felt. Obviously, it depends on how sensitive
yoursensors are. . \

Dr. Stever. This is subjective in the sense of whether citizens re:
spond by saying my glassware shook or I shook in bed. Of course, this
could be done much more technically by actually defining the regions.
It varies from quake to quake and different ‘quakes have different

- magnitudes; S °

Mr. Brown. So you are really aiming at trying to determine whether
there is some visual or perceptual indication ¢ =

Dr. Stever. Yes, i
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Mr. Brown. It occurred to me in this discussion of earthquake warn-
ing and earthquake disaster damage mitigation that we have some
parallels with the situation that developed with regard to more com-
mon kinds of disasters such as floods. I could give you a small example
in my own district. The Corps of Engineers prepared 40 or 50 years
ago a small dam to mitigate the flood hazards within g certain runoff
channel. Today they are considering vastly increading that. The
changes in the circumstances are, of course, that there has been a
great deal more construction developed in the path of potential flood
damage. :

A $10 million dam of 50 years ago will be replaced by a $500 million
dam at present. The cost-benefit justifies that.

Dr. StEver. Mr. Brown, again, I think I made the point that the
damage has only been $30 million per year in this last century from
earthquakes. But because of the change in our population centers,
what you say is now true. I do think that where the USGS has lead
agency responsibility for monitoring and studying earthquake pre-
diction that the NSF has been trying to think of ways to mitigate
damage in the sense of building structures differently and so on. I
think a great deal of progress has been made in both of those areas.
They are quite different sciences. The science of earthquake predic-
tion brought along by USGS and helped by NSF has gone a long way.
The other one is going a long way. The change in our population
location makes the point that you are talking about. Yes, I think it is
a very good time to reexamine the total of where we stand in all of
these aspects.

Mr. Brown. The corps and other agencies have developed sort of
benchmarks of what they call 100- and 200-year storms, for example.
Of course, these can be measured and presumably earthquakes could
be measured in somewhat the same fashion and there could be some
prediction of what you could expect.

Dr. Stever. It is pretty well known as to frequency and damage.

Mr. Mosaer. Mr. Chairman ?

Mr. BrowN. Mr. Mosher, I will yield the remaining 5 minutes to
you. Dr. Stever has to leave after that.

Mr. MosrEer. Dr. Stever, on page 6 you comment on the legislation
that T have introduced with several cosponsors and you rightly, I
think, raise an important question concerning our legislation. My bill
essentially provides a coordinating mechanism and you suggest that
that mechanism would be at best unwieldy and at worst unworkable.

Dr. Stever. I changed it when I spoke to say : “It may be unwieldy.”

Mr. Mosagr. Whatever you said, 1t is a valid comment. T don’t quar-
rel with the comment at all. T recognize this is the crucial question
about it. The emphasis though in the legislation I have introduced is
to the effect that the present responsibilities in this important area are
terribly fragmented within the Federal Government and some sort of
coordinating mechanism I think is crucially needed. The very fact
that attempting to pull them together in my legislation requires so
many people and so many agencies, dramatically indicates how frag-
mented the present responsibility is.

Dr. Stever. Mr. Mosher, may I interrupt to say that I personally
agree with you in this respect: As I try to describe the problems I
recognize that how they are seen really varies among quite different
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kinds of persons—basic researchers and engineers and State and local
officials and so on. And we might bring earthquake prediction to a
high peak and have done nothing about mitigating loss.

Mr. Mosugr. That is right. The right hand needs to know what
the left hand is doing. : ,

Mr. Brown. If you could yield for a moment, maybe I could ask
Dr. Stever to comment on how many people were involved in the ad-
visory group which he describes on page 5. ‘

Mr. Mosmzr. I was just going to get to that myself. Can I get to that
in just a second, George ? ' ‘ '

Mr. Brown. OK. : o

Dr. Stever. Mr. Brown has a way of pricking all the bubbles.

Mr. Mosurr. You suggested that the objectives might be accom-
plished with a smaller more focused group and my legislation does
emphasize the fact that this coordination should be done by a smaller
group. In fact, specifically, as I remember it—I don’t have it in front
of me—it specifically proposes a 10-member executive group. Now I
‘Wwas just going to get to the point that Mr. Brown is mentioning on
page 5 where you say that an advisory group on earthquake prediction
and hazard mitigation held its first meeting on June 14, That date is
rather interesting because it does indicate how recent this coordinating
effort is because my legislation was prepared and introduced I think
well before that time. So I am glad that we, or something stimulated
the creation of the advisory group. Later you point again to the vari-
ous formal and informal arrangements that now exist. And the ques-
tion that Mr. Brown has just asked is, as you suggest, very pointed.
How many people are involved in those informal arrangements by
which you are hoping to achieve better coordination ? '

Dr. Stever. First of all, that particular group is to give us advice
on the earthquake predictions and earthquake mitigation warning and
so on. It turns out that the number is 21. ;

Mr. Mosugr. That is only a limited aspect. ‘

Dr. Stever. That is only a limited aspect. I don’t want to say that
we have not been coordinating work. I already mentioned the inter-
agency discussion group on disaster mitigation that RANN has run
informally and ‘within the FCST we have been coordinating with
other agencies. The real point of the bills being brought up to (giate is
that there is more focus on earthquake, and it may be that is what we
should be doing right now. ,_ '

What it is going to show, I think, is that we can strengthen some
parts of our programs and there are some parts that the Federal
Government has rated only on an informational basis.

Mr. MosuEr. I yield for one question by Mr. Goldwater. .

Mr. Gorpwarer. Dr. Stever, is this S."1174 incompatible with what
you are doing now¢ ' : : :

Dr. Srever. No; I don’t think so.

Mr. GoLpwATer. It isnot ? -

Dr. Stever. No. My colleague, Dr. Thiel, says it reads as if it were
written from our program point of view. No; it is not incompatible
and in that sense bringing attention to it would be helpful. ;

‘Mr. Gotowater. The only difference, it seems to me, is as to point 6:

The President shall, within 180 days identify the department, agency, or task

force which shall have primary responsibility. :
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Dr. Stever. We have primary responsibility in NSF for earthquake
mitigation, design of structures, buildings and dams, and so on. SGS
has primary responsibility for earthquake prediction and monitoring.

Mr. SymineToN. Do you have to leave at this time?

Dr. Stever. Thank you. I do have to leave. I would be glad to answer
further questions in written form.

[Further questions in written form were forwarded to Dr. Stever.
The questions and responses follow :] :

* \
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E arthquake
Questions-and Answers

Q. Please submit a statement of the dollar amounts obligated by

NSF for earthquake work in fiscal years 1974, 1975, 1976 and

1977 (planned). The statement should be broken down: into major
categories and further into subcategories if this is informative.
In-house work should be separated from work under. grants, contracts,
or interagency transfers.

A. During the FY 1974, 1975,-1976, and 1977 (planhed) the Foundation-
has initiated (plans to initiate) the following amounts in grants

for the conduct of research on earthquakes. The table presents

three items for each year; the amount spent for earthquake
engineering, fundamental earthquake research, and the total amount
obligated during each year.

Earthquake Seismic

Year Eggineerim Research " Total

EY 1974 -$’7. 982, 900 $2; 450, 000 $10, 432, 900
FY 1975 5,.366,372 1,970, 000 7,326,372
FY 1976 . 17,150, 000 2,600,000 9,750, 000

FY 1977-(Est. ) 6,800, 000 3,500,000 10, 300, 000

Q. How would NSF utilize the funding that would be authorized by
S. 1174 if that funding were made available ($20, 000, 000 in
FY 1978, for example)? .

A. The assumption is that the $20, 000, 000 referred to in S 1174
would be the:total funds available to the Foundation for the pursuit

of earthquake related applied research., As currently structured

S. 1174 does not provide for support of basic research in seismology,"
geophysics, and the earth sciences as they relaté to €arthquake
prediction, control and hazard identification. ~If these funds are
available, the RANN program in Earthquake Engineering and Societal -
Impact will focus in three principal areas: . .

1) Earthquake engineering, that is,- the development of technical
procedures to reduce the impact of earthquakes;

:2) Societal response to earthquakes - that is the development
of anunderstanding of the social, behavior, economic, and legal
implications of earthquakes and how they may be managed to reduce
the suffering of an occurrence and hasten the return of the community
to its pre-quake functioning; and, R :
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3) Utilization studies and activitiés whose purpose is to
present to the public in a most appropriate and usable form the
benefits of the Federal Earthquake Research Program.

Approximately 60% of the available funds would be directed at
the objectives enumerated below:

1) Develop methods to characterize the nature of strong
ground motion suitable for application in analysis, design, and
planning; -

2) Obtain a comprehensive data base: of the response of soils
and structures to earthquakes;

3) Develop methods to evaluate and control soil response and
failure;

4) Detéermine appropriate models for the sirong motion response
of structures and structural elements from analytic and experimental
studies;

5) Develop principles for local and regional planning that
- consider direct and indirect effects; and,

6) Extract from the above principles a set of guidelines that
may be used to develop suitable criteria and reliable, practical
simplified methods of design of structures.

Approximately 25% of the available funds would be expended on studies
whose objectives are:

1) Define options for the mix of measures to mitigate earthquake
hazards by considering research, social, economic, legal, and
political barriers to policy implementation;

2) Assess public and private regulation impacts and develop
‘alternatives;

3) Facilitate the beneficial utilization of earthquake hazard
mitigation efforts by developing effective techniques for communicating
information to the public and decision makers.

4) Increase the capability of public officials to implement
earthquake hazard mitigation measures through land-use planning,
preparedness planning, building inspection, and disaster response; and
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5). Define alternatives the private sector could adopt for
mitigating earthquake hazards: :

Approximately 15% of the available funds would be expended on
projects whose purpose is to facilitate the utilization of the results
of:this research program.: Scientific and technical knowledge and
its application generally should not be separated. .These studies
will-be conducted as part of the ongoing research program. = One
of the most important aspects.of facﬂ).tatmg irnprovements ‘in the
public's practice of earthquake mitigation is to tnake sure that
those who'perform research are aware of problems faced by
practitioners, These needs will be met by conducting regular
workshops of users to identify problems needing conclusions,
surveying how practitioners use mformatmn, and by regular
evaluation and priority assessment. .

Q. Please provide a copy of the damage estimate report mentloned
on page 2 of the testlmony.

A, The report referred to in the National Sc1ence Foundation
Testimony 1s "Budgeting Justification for Earthquake Engmeermg
Research; ! "prepared by the.J.. H. Wiggms Company. A copy is
appended.
[Committee note: This report was received ‘and is
available for inspection in the Committee ‘offices,]
Q. How will the establishment of the Office. of Science and Technology
Policy affect planning and coordination for earthquake hazard ’
reduction ¥

A, The Office of Science and Technology Policy (OSTP) was recently
established and provides .a focus for the examination of science
opportunities and the coordination of the Executive Branch science
activities. Within the context of the question OSTP could provide

a possible focus for the coordination and planning of civilian agencies
research programs. However, the desire is to keep OSTP small,
policy-focused, and avoid the assignment of operational responsibilities.
Many: of the problems posed by earthquakes cannot be dealt with by
regearch alone. Indeed the central issue in changing the public's
vulnerabllity to earthquakes is how state and local governments and
the private sector incorporate into practice.that which is' now known
and that which may be developed under this-accelerated research
program. ~OSTP has responsib111ties in science policy but does not
have the capability to coordinate the manner in which Federal,

state, local or private individuals or organizations might apply such
knowledge..  Thus OSTP presents a possible focus for research
coordination and planning but would not be a logical focus for the
coordination of actal earthquake hazards reduction programs.

76-649 O ~ 76 -8
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Q. Please provide the Subcommittee with a copy of the plan
which NSF and USGS have been developing recently for research
on earthquake hazard reduction.

A. A copy of the plan which the National Science Foundation and the
U.S. Geological Survey prepared for consideration at the June 14th
meeting of the Earthquake Advisory Group on Hazard Mitigation is
appended. In addition, a copy of the draft plan prepared for the
August 12th and 13th meeting is also appended.

(Committee note: This material was received and is
available for inspection in the Committee offices.]
Q. How does NSF ensure that the results of its earthquake research
programs get used? i

A. The NSF/RANN program has undertaken an extensive program
in research utilization for its Earthquake Engineering Research.

This extensive program is multi-faceted and includes the following

items:

1) Grants to the University of California, Berkeley, and
the California Institute of Technology have established a
National Information Service for Earthquake Engineering.
The NISEE publishes on a regular basis an Abstract Journal in
Earthquake Engineering summarizing the published literature
throughout the world. They have established a Software
Center which collects, validates, documents and distributes
computer programs developed by NSF and other agencies,
public and private, to the public and private sectors. The
reference collection of these two institutions is now among the
largest in the world and is used by a large variety of researchers
and practicing professionals. They have collected an extensive
library of strong motion earthquake response of the ground,
and buildings, and other structures as measured during the
occurrence of U. S. earthquakes. This catalog has been prepared -
for computer use and has been widely distributed.

2) Under a joint program initiated with the National Bureau
of Standards called Building Practices for Disaster Mitigation,
RANN has made substantial investments in the development of a new
set of building design provisions, criteria, and standards which
incorporate the latest information and experience in earthquake
resistant design: These provisions are now nearing completion and
have been prepared so that they may be readily incorporated into
local, state and Federal building codes and regulations.
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N

3) The Earthquake Engineering Program has supported
a number of workshop conferences and meetings at which the
results of research programs have been presented to practicing
professionals, researchers, and public officials. Among these
was- a meeting hosted by the Association of Bay Area Governments,
the nine San Francisco Bay counties, which met in January to
examine the area's earthquake problem from a public perspective.
The Society for Engineering Education under joint support of NSF
and the Defense Civilian Preparedness Agency has conducted for
the past two summers a course to inform continuing education
instructors of the latest developments in earthquake mitigation
procedures.

4) Each award pursued under RANN support must have a
utilization strategy appropriate for that award's activities. These
individual utilization activities complement the overall program
thrusts which are illustrated above.

5) Each grantee is encouraged to participate in professional
associations. This has led to a very extensive representation
of RANN grantees in professional societies, standards setting
committees and similar associations. Among these are the
American National Standards Institute, American Society for
Testing Materials, American Society for Civil Engineers, American
Concrete Institute, the Structural Engineers Association of California,
and numerous others. Grantees have also participated in a wide
variety of state, local and regional commissions and bodies, e.g.
Participation in these activities is often partially reimbursed by the
award from the Foundation. :

Q. What legislative authority does the National Science Foundation
currently have to operate programs related to earthquakes ? Please
cite sections of the U.S. Code or Statutes.

A. The National Science Foundation's basic act provides authority
for the NSF to engage in basic and applied research. The specific
authority to engage in earthquake research is inferred through

the Foundation's FY 1976 Authorization and Appropriations Bills.
We have received specific legislation instructions to support
earthquake engineering research through minimum expenditure
levels established by NSF's Authorizations and Appropriations.
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Mr. Symineron. Thank you very much, Dr. Stever, for being with
us this morning. It has been very helpful to us. :

We now will be happy to hear from Director V. E. McKelvey of
the U.S. Geological Survey accompanied by Robert Hamilton, Chief,
Office of Earthquake Studies, USGS. We are glad to have you with
us this morning, sir, and we look forward to your testimony.

[Brief biographical sketches of Dr. V. E. McKelvey and Dr. Robert
M. Hamilton follow :] :

Dr. VINCENT E. MCKELVEY

Vincent E. McKelvey has been Director of the United States Geological Survey
since December 8, 1971. He was born in Huntington, Pennsylvania, on April 6,
1916, graduated with honors in Geology from Syracuse University in 1937, re-
ceived his M.A. (1939) and Doctorate (1947) from the University of Wisconsin,
and has been a member of the U.S. Geological Survey since 1941. - -

Special assignments have included: Consultant, Chief of Engineers, Manila,
1945; Chief, Western phosphate investigations, 1947-1949; Chief, radioactive
mineral studies, 1950-1953; Minerals Specialist, USICA-Government of Jordan,
1958 ; Assistant Chief Geologist, 1960-1964 ; Department of the Interior Energy
Policy Staff, 1961-1971; U.S. Representative and Advisor to Energy Committee,
Organization for Economic Cooperation and Development, 1965-1967; Leader,
Department of the Interior Study Group, Outer Continental Shelf Oil, Gas, and
Sulfur Leasing Policy, 1968; U.S. Representative to Economic and Technical
Subcommittee of United Nations Committee on Peaceful Uses of Seabed and
Ocean Floor Beyond the Limits of National Jurisdiction, 1968; Chief Geologist,
1371; Chairman, Project Independence Blueprint Interagency Oil Task Force,
1974. :

Research publications dealing with the geology of manganese, phosphate,
uranium, mineral and fuel resources, marine resources, methods of estimating
reserves, prospecting methods, stratigraphy, sedimentation, and mineral
economics.

Honors include the Department of the Interior’s Distinguished Service Award
(1963), Henry Krumb Lecturer for the American Institute of Mining Engineers
(1968), Seventh McKinstry Memorial Lecturer at Harvard University (1971),
National Civil Service League Award (1972), Rockefeller Public Service Award
(1973), and honorary Doctor of Science, Syracuse University (1975).

Dr. RoBerT M. HAMILTON

Dr. Hamilton received the degree Geophysical Engineer from the Colorado
- School of Mines, Golden, in 1958, and M.A. and Ph. D. degrees in Geophysics from
the University of California, Berkeley, in 1963 and 1965, respectively. He en-
gaged in research studies on earthquakes in New Zealand from 1965 to 1968 at
Seismological Observatory of the New Zealand Department of Scientific and
Industrial Research, then joined the USGS as a Research Geophysicist at the
National Center for Earthquake Research in Menlo Park, California. In 1972,
Dr. Hamilton moved to Washington, D.C. to become Deputy for Earthquake
Geophysicy, and in 1973 assumed his current position. )

STATEMENT OF V. E. McKELVEY, DIRECTOR, U.S. GEOLOGICAL
SURVEY, ON EARTHQUAKE DISASTER MITIGATION

Dr. McKervey. Mr. Chairman, I thank the committee for this op-
portunity to discuss the Department of Interior’s role in earthquake
hazard reduction and mitigation and to comment upon several pro-
posed items of legislation concerned with earthquake problems.

The Department is sympathetic to the general objectives of S. 1174,
H.R. 13722, H.R. 13845 and is actively involved in the administration’s
program to accomplish the objective of reducing risks from earth-
quakes. However, we would point out that the objectives of the bills



33

can be accomplished under the existing authorities already available
‘to Federal agencies. Indeed, as Dr. Stever has indicated, the National
Science Foundation and the Geological Survey are identifying types
of earthquake research and their practical applications in developing
- a research program plan to provide the underlying knowledge to deal
with earthquake hazards. The plan is to be available in time for con-
sideration in preparing the 1978 budget. :
The U.S. Geological Survey within the Department now has the
principal Federal responsibility for earth science aspects of earthquake
‘hazards reduction. Our present program has evolved over the past
decades under the administrative guidance of several agencies, includ-
ing the U.S. Coast and Geodetic Survey and its successors under the
Environmental Science and Services Administration, and the National
Oceanic and Atmospheric Administration (NOAA). In 1973, the
earthquake programs of NOA A were merged with those of the Geologi-
cal Survey and the Survey was given the responsibility for Federal
earth science earthquake research. The USGS also undertakes seismic
engineering data-gathering and research on behalf of the National
~Science Foundation, which has the principal Federal responsibility
for earthquake engineering research. As a result of a recent redelega-
tion of authority under the Disaster Relief Act of 1974, the Survey
also has the responsibility for issuing warnings of earthquakes and
certain other kinds of geologic disasters such as voleanic eruptions
and landslides, to the extent that they are predictable.
The Federal program in earthquake research and the Disaster Relief
Act Amendments of 1974 were the result of the growing recognition
that earthquakes are not only capable of causing enormous losses to
life and property, but that the risk of such losses is increasing with
arban growth in high risk areas. Dr. Stever has already provided
the committee with estimates of damage and risk. :
It is useful to think of the consequences of a major earthquake in
terms of primary, secondary, and perhaps even tertiary effects—not in
the sense of importance but in the sense of the sequence in which they
develop. Primary effects are those directly involved in the crustal
movement—strong ground shaking, warping of the Earth’s crust, and
vertical or horizontal movement along a fault at the Earth’s surface.
Strong ground shaking is the principal cause of damage during earth-
quakes. Rupture of the ground surface, although rarely the major
cause of destruction, can destroy even the largest and best engineered
structures that are located on the lines of rupture. Permanent warping
- of the Earth’s surface also can have profound and long-term impact,
resulting either in the flooding or draining of facilities along the
coast. ' G ‘ f
These primary effects, of course, can be devastating in their immedi-
ate impact on manmade structures. In large earthquakes, however,
the principal damage often results from the secondary and tertiary -
effects—the forces set in motion by the primary shaking and tectonic
movement. Transient stresses generated by earthquake waves com-
monly trigger landslides, differential settlement, and liquefaction and
‘lateral spreading of the ground. » o
Among the most terrifying secondary effects of some earthquakes

are tsunamis. These large ocean waves, as much as tens of feet high,
are generated by sudden vertical movement of the ocean floor. The
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waves can travel thousands of miles and devastate coastal communities
within their reach.

Other secondary effects include destructive seiches or oscillations
of the surface of lakes or bays, caused by crustal tilting or major
landslides. Flooding resulting from earthquake-induced dam or levee
failure may be a greater threat to life and property in heavily popu-
lated areas than the primary effects of an earthquake.

Tertiary effects can also be highly devastating. They include fire
storms, which are turbulent blasts of scorching air resulting from the
large fires that may develop after the earthquake. They may also in-
clude the consequences of the panic of people under the stress of a
terrifying disaster, and possibly disease and hunger resulting from the
disruption of food and water supplies and the destruction of trans-
portation systems. The latter effects were of great concern in the areas
in Guatemala struck by the 7.5 magnitude earthquake on February
and its aftershocks.

If appropriate measures are taken, damage from these effects can
be much reduced and some of the secondary and tertiary effects—such
as catastrophic floods from breacheed reservoirs and large fires and
fire storms—can be avoided altogether. The capability for earthquake
hazard reduction is already in hand to some degree and the results
of research already achieved indicate that it can be much advanced by
a combination of continued research and the determination to apply
the knowledge already in hand. Earthquake hazard reduction involves
several components: (a) Improved design of manmade structures to
increase their resistance to earthquakes; (b) identification of active
faults and areas subject to strong ground motion, landslides and other
forms of ground instability as a basis both for improved construction
design and engineering and for land use planning and zoning; (c)
development of improved capability to predict the time, place, mag-
nitude, and effects of earthquakes; (d) earthquake insurance to spread
the economic losses; and (e) emergency preparedness, to utilize most
effectively earthquake predictions and to have essential defensive meas-
ures at hand even for unexpected disasters.

Implementation of most of these actions is the responsibility of
private individuals and State and local civil authorities. Federal
agencies such as the Survey, NSF, the Federal Disaster Assistance
Administration, and the Defense Civil Preparedness Agency also have
responsibilities for implementation and can assist the other groups.

The Geological Survey’s part in earthquake hazard reduction is a
critical one, and its major program objectives include: (1) Acquisition
and dissemination of information on earthquake occurrences; (2) map-
ping and evaluation of earthquake hazards; and (3) development of
an improved capability to predict the time, place, and magnitude of
earthquakes. T will briefly describe here some of our activities in these
areas.

The Survey’s National Earthquake Information Service locates and
rapidly evaluates important earth%ua,kes worldwide, provides data
supporting the Tsunami Warning System operated by the National
Oceanic and Atmospheric Administration, and notifies appropriate
disaster authorities and the public within 2 hours of the occurrence.
From these data, the Geological Survey publishes seismic risk maps
that indicate expectable values of earthquake frequency and levels of



35

shaking; these are widely used by the engineering community in
developing building codes and. in assisting ‘in the safe design of
structures. ' \

Geological Survey maps and reports on earthquakes hazards are
used by planners to avoid areas of greatest potential danger from the
destructive effects of earthquakes. Active faults are identified on the
basis of seismologic and geologic evaluations. Areas are delineated that
could be subject to surface faulting, strong shaking, ground failure,
tectonic elevation changes, or earthquake-induced flooding from seismic
sea waves or from dam failure. Methods for assessing these various
earthquake hazards also are published to enable scientists in the aca-
demic community, State agencies, and the private sector to analyze
the origin, distribution, and effects of earthquakes. -

The Geological Survey also has underway research on the predic-
tion of the time, place, magnitude, and effects of earthquakes. Mount-
ing evidence from the United States and from China, Japan, and the
Soviet Union indicates that technology can be developed to predict
at least some large earthquakes. Our present efforts are concentrated
heavily in central California near the town of Hollister, where small
to moderate earthquakes are frequent. We have deployed there various
kinds of instruments that monitor the state of the earth over this
seismically active region continuously. The data are analyzed at our
center in Menlo Park, Calif., to which they are telemetered. Recon-
naissance networks of seismographs and other instruments are located
in southern California and the San Francisco Bay area and other U.S.
urban areas of high risk, but the density is sparse.

Earthquake disasters, of course, are an international threat, The
Geological Survey has maintained close contact with hazard reduction
efforts in other earthquake-prone nations, especially with regard to
development of earthquake prediction techniques. Cooperative studies,
including the exchange of scientists, are underway with the Soviet
Union. We also participated in an exchange of delegations of earth-
quake specialists with the People’s Republic of China. Geological Sur-
vey scientists currently are visiting China -as part of a National
Academy of Sciences team that is investigating prediction methods
used by the Chinese in forecasting a potentially disastrous magnitude
7.3 earthquake that occurred in 1975.

Early this year, analysis of data from precise leveling showed that
a large uplift has occurred in the past 15 years in the vicinity of the
~ San Andreas fault in the Mohave Desert just north of Los Angeles,

with. the land surface rising nearly a foot in the central part of the

uplift. The origin of this uplift and ifs possible relation to future -
earthquakes is not understood but there is clearly cause for concerid.
Such uplifts have preceded some earthquakes in the past; but in this
very area one occurred earlier this century with no following earth-
- quakes. Copies of our February 13 press release describing the uplift
will bé provided for the committee.
[The press release follows:]
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:DEPARTMENT of the INTERIOR

W SUARTE . news release

GEOLOGICAL SURVEY Forrester (703) 860-7444

For release: on Receipt (prepafed February 13, 1976)

LAND SWELLING IN SOUTHERN CALIFORNIA DISCOVERED

AN oW R —

kecent land uplift of as mu;h as .about 10 inches (25 centimetres)
has been discovered astride a:large section of Célifornie's;San Andfeas
faultkabout 40 miles north of Los Angeles,- according to scientists of
the U.S. Geological Survey; Department of the Interior.

The land swelling, in the shape of a huge kidney, has ‘a 120-mile
axls orlented roughly east-west and extending from the Pacific Ocean.
into. the Mojave Desert. This uplift is receiving close attention among
USGS eatthquake specialists because similar swelling has occurred prior
to some éarthquakes in Califoxnia and elsewhere. The. scientists: emphasize,
however, that such uplifts also have occurred without subsequent earthquakes.

Discovery of the uplift was made by R. 0. Castle, J. P. Church, and
M, P. Elliott, scientists at the USGS Menlo Park, California field center.

. Centered north of Los Angeles near Palmdale in the western Mojave.
Desert, the swelling apparently began about 1960 near the junctiom of
the San Andreas and Garlock faults. Since then, it has grown east-
southeastward to include an area of about 4,500 square miles (12,000
square. kilometres). . :

The uplift discovery resulted from analyses of repeated measurements
taken over a number of years along precisely surveyed elevation lines
crossing the southern California region. The measurements were made by
various organizations, -including the USGS, the National Geodetic Survey,
and several southern California municipalities and counties.

The significance of the uplift is not fully understood, according
to USGS sciertists; they are concerned, however, becausé it occurs
astride a sector of the San Andreas. fault that has remained "Tocked"
since a'great earthquake in 1857. Thus, the sclentists explain,
considerable strain could be building up in this area.

(more)
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Dr. Robert M. Hamilton, Chief of the USGS Office of Earthquake
Studies at the Survey's National Center, Reston, Virginia, sald that,-
_following the 1971 San Fernando earthquake, analysis of data collected
earlier indicated that similar swelling had preceded. that quake., Uplift
has also been determined to have preceded, earthquakes in other parts of
the world, including uplift in Japan that started ten years before a
destructive earthquake at Niigata in 1964.

"However," Hamilton emphasized, "such uplift also has océurred
without being followed by earthquakes. For example, an uplift may have
occurred between 1897 and 1914 within the Transverse Ranges north of
Los Angeles, but no large earthquake followed. -~ Consequently, the present
swelling may or may not indicate that an earthquake is coming. 'We must
not jump to conclusions.based on géodetic data alone." )

"Considerable additional information on the land deformation and
‘geismic activity in the region is needed before we will be able to
evaluate the significance of the uplift,'" Hamilton said

Hamilton reported that some new studies of a limited nature are
being started aimed at getting a better understanding of the uplift
occurrence. He said that the new studies include additional geodetic
surveys, installation of seismometers and tiltmeters (devices for
monitoring of minute changes in the .ground surface), and surveys of
the Earth's ‘gravity field in the region. 'We hépe that these new -
limited investigations will provide at least some information on the
cause of the observed uplift," Hamilton said.

A

(Note to Editors:. See{attached diagram showing area of uplift.)
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Continued analysis of elevation of data by our scientists now demon-
strates that the area of uplift is much more extensive than originally
noted. A region of more than 10,000 square miles—extending from
the Tehachapi Mountains to the Salton Sea—appears to have risen
since 1962. Furthermore, analysis of horizontal geodetic data indicates
that a period of anomalous horizontal shear strain coincided with
the development of the uplift.

In March, we met with the staff of the California Congressional
delegation and with the staff of Governor Brown to brief them on the
uplift. The Geological Survey pointed out that while some evidence
can be interpreted as precursory to a major earthquake in the south
California region, there is no basis at present for predicting the time
it will occur. The sum of the geologic and seismologic evidence, how-
ever, led us to warn that a great earthquake would take place in the
region sometime in the future and that preparedness actions are
justified.

Clearly, there is a critical need for evaluation of the significance of
the southern California uplift. I am pleased to report that the Presi-
dent recently has approved increases in our fiscal 1976 earthquake
budget to expand observation and analysis of the uplift. We have
begun to monitor geophysical phenomena in the area of the uplift
more intensely and will increase studies of potential earthquake haz-
ards of the region. The National Oceanic and Atmospheric Adminis-
tration, through its National Geodetic Survey, is cooperating in studies
of the uplift. NGiS now is involved in an intensive effort at evaluating
all leveling and gravity data in southern California, and will work
with the Geological Survey to provide an integrated picture of the
land elevation changes in the southern California area.

I mentioned earlier the responsibility recently redelegated to the
Survey with respect to the issuance of warnings of impending disasters
of geologic origin. Frankly, however, the capability to issue warnings
is very limited, particularly with respect to predictions as to the time
an event will occur. As an 1nitial step in responding to this expanded
responsibility, however, the Geological Survey currently is reviewing
its capabilities for prediction of natural disasters and is developing
procedure for issuance of the tentative predictions we are able to
make so that they can be used most effectively by local authorities.

In carrying out the responsibilities under the Disaster Relief Act,

- we will be in a difficult position while an earthquake prediction capa-
bility is being developed. The impact of incorrect predictions, a subject
presently under review, could be socially and economically adverse.
Prediction research is a complex and difficult program and the period
of uncertain and inaccurate predictions could well stretch over the
next few decades. We are looking at possible ways to reduce this period
of uncertainty. - : i ' ,

Mr. Chairman, in your June 9 letter to Secretary Kleppe inviting

- us to appear today, you asked that we discuss, among other things,
how Interior’s efforts are coordinated with those of other agencies and
~what is the expected future role of the Department of the Interior

_in earthquake hazard reduction. Speaking first to the matter of coordi-
nation, let me say that the reorganization accomplished in 1973 and
the placing of responsibility for earthquake hazard reduction research

~ in the Geological Survey and the National Science Foundation did
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much to reduce the coordination problem. Between the NSF and
the Survey, NSF is responsible for earthquake engineering and the
Survey is responsible for Earth science aspects of earthquake hazards
reduction, and coordination is accomplished by direct and frequent
contacts between the two agencies.

Other organizations, however, have certain activities or interests
in our research, including the National Oceanic and Atmospheric
Administration, the National Bureau of Standards, the National
Academy of Sciences, the Bureau of Reclamation, the National Aero-
nautics and Space Administration, the Nuclear Regulatory Commis-
sion, the Department of Housing and Urban Development, the De-
fense Advanced Research Projects Agency, the Veterans Adminis-

‘tration, and the Federal Highway Administration. Representatives
of these agencies are liaison- members of the Geological Survey’s
Earthquake Studies Advisory Panel, which meets twice a year to re-
view the USGS earthquake research program. This panel has been
very effective in permitting the exchange of information and in the
coordination of program development.

Currently, we are working closely with Dr. Stever to prepare a
program plan identifying types of earthquake research and applica-
tions for reducing earthquake hazards. The plan will be considered in
developing the 1978 and future budgets. This planning effort is in-
tended to assure that Federal earthquake studies are well designed and
coordinated, and that research products will be effectively utilized by
State and local governments and the private sector. Last week, Dr.
Stever convened a panel of earthquake specialists from outside the
Federal Government to help develop this comprehensive program

lan. -

Three bills are under review today : ‘

S. 1174 as passed by the Senate would authorize ihcreased levels of
research in earthquake hazards reduction research by the Geological
Survey and the National Science Foundation and would establish
earthquake disaster mitigation as a national objective. It also would
provide a new coordinating structure for a national earthquake pro-
gram. The bill would authorize specific amounts of appropriations in
" three parts—for the USGS, for the NSF, and for the general
program.

A key element of S. 1174, as passed, would be the establishment of
an advisory committee to the President composed of representatives
of the research community (including the design professions), and
Federal, State, and local entities concerned with earthquake hazards,
and qualified individuals experienced in earthquake hazard research,
planning, implementation, or preparation. This advisory committee
apparently would perform a similar function to the USGS Earth-
quake Studies Advisory Panel, but have a somewhat broader scope. -

H.R. 13722 would establish Federal and National councils to develop
comprehensive programs for earthquake prediction and preparedness
that would be submitted to the President and Congress. o

The bill would establish a Federal Council composed of six heads of -
Federal agencies or organizations concerned with earthquakes. The
Council would be required to develop and submit to the President and
the Congress a plan for all aspects of Federal earthquake research
and hazard reduction. ‘
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The research-would be conducted by the Geological Survey and the
National Science Foundation in coordination with research efforts of
State and local governments and the academic community.

The bill would also establish a-National Board on Earthquake Pre-
diction, Preparedness, and Coordination compesed of eight heads of
Federal agencies concerned with earthquakes and four representatives
of the States. The Board would be required to develop and submit to
the President and the Congress a plan for seismic risk mapping, a .
proposed earthquake prediction system (to be operated by the Geo-
logical Survey), and a program for expanded preparedness planning.
The Federal Disaster Assistance Administration would: be responsible
fo reonducting the earthquake preparedness program. :

H.R. 13722 is concerned primarily with the development of a pro-
gram plan for Federal research into earthquake prediction and emer-
gency preparedness, and with coordination of research efforts with
those of State, and lecal governments, the academic community, and
foreign governments, As I have already mentioned USGS and NSF
currently are developing such a program plan.in conjunction with a
broadly representative panel of non-Federal experts. - : :

" H.R. 18722 assumes a much more advanced state-of-the-art in earth-
quake studies than actually exists. For example, it specifies that the
program plan of the National Board shall divide the country accord-
ing to relative seismic risk. H.R. 18722 would also specify an earth-
quake prediction system for areas of high seismic.risk without con-
sidering that earthquake prediction itself is in a research phase and
that the methods and instruments for forecasting have not been fully

“determined. . o :

H.R. 13845 seems to' emphasize earthquake prediction over other
hazard mitigation aspects. It calls for earthquake preparedness plan-
ning without giving adequate attention to the development of capa-
bilities. in-earthquake engineering and.the mapping and evaluation -
of earthquake hazards. ‘ ,

-H.R. 13845 'would establish a. management structure for a national
earthquake hazards program that would coordindte activities of exist-
ing agencies. A Conference of Federal, State, and private sector rep-
resentatives would evaluate the status of earthquake hazards reduction
and recommend appropriate legislation.

‘The Conference 1s.a committee comprised of 29 members, including
23 who- are officials of Federal agencies or ‘'organizations concerred
with earthquakes and 6 who are appointed by the Secretary of HUD -
and are not in the Federal Government. In addition, there would be
four nonvoting members from Congress. An Executive Committee of:
the Conference would also be established. o S

- Although the concerns addressed by H.R. 13845 are real, the bill

would nevertheless establish a very cumbersome mechanism for assum-
ing responsibilities that would normally belong in a Government
agency. The oversight function is partially being carried out by the
USGS Earthquake Studies Advisory Panel, which has liaison repre-
sentatives from all agencies with a strong interest in earthquakes. We
also note committee representation would inclide many agencies that -
have only a minor interest in earthquake problems. Furthermore,
insofar as H.R. 13845 establishes a new mechanism to evaluate the
. , A
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earthquake problem, it duplicates and retraces the steps of numerous
published studies both in and out of government.

One of the duties of the Conference is to establish an earthquake
prediction board to evaluate predictions and issue authenticated pre-
dictions. This warning responsibility currently is assigned to the
USGS under the Disaster Relief Act of 1974 and subsequent redelega-
tions of authority.

The Conference would be authorized to issue contracts for research
and implementation studies. This authority currently rests with the
USGS and NSF.

It appears that the authority for accomplishing an effective earth-
quake hazards reduction program is presently available to the execu-
tive branch. Indeed, we recommend against enactment of any of the
bills because we believe adequate authority to conduct, research, and
to coordinate existing Federal efforts already exists. But let me add
that the administration is moving to survey its present efforts with
the objective of evaluating possible substantive additions to the pro-
gram and assuring a specific program of coordination; and, as Dr.
Stever has mentioned, will recommend legislation if it is needed to
supplement existing authorities.

The research program plan being developed by USGS and NSF
has not been completed, but its form is clear. It will be based on
research in three broad areas: Earth sciences, engineering, and socio-
economic problems. The objective of these studies is an understanding
of earthquakes sufficient to predict their occurrence, modify their
activity, reduce structural damage, and provide the information
needed for decisionmakers to design the institutions necessary to pre-
pare our citizens for both preparation for earthquakes and the recov-
ery from earthquakes. Our knowledge in each of the three research
areas varies in quantity and quality—for example, prediction is at an
embryonic stage, whereas zoning for earthquake hazards is being
implemented by local and State entities. A major operational pro-
gram in all aspects of earthquake mitigation, therefore, would be pre-
mature at this time. :

Concerning earthquake research, one of our primary problems is the
structure of such a broad ranging program. Within the administra-
tion, considerable attention is being given to determining the priority
among program elements, both with regard to timing and funds. Some
problem areas may simply not be benefited by rapid expenditures,
Wh(i%_e others may effectively be addressed by relatively brief, intensive
studies.

For example, the payoff to society in prediction research is highly
“dependent upon the leadtime and accuracy of any prediction capa-
bility we develop. A very accurate prediction with a long leadtime can
provide substantial benefits and will exact relatively fow costs. For
example, unsafe structures would be evacuated, reservoirs would be
lowered and other measures would be taken for only short periods.
These measures could be quite costly if our prediction capability can-
not be made reliable. Two questions we must consider are, How good
our prediction capability must become in order to justify spending
significant sums on earthquake prediction, and will significant fund-
ing provide this capability ? Such questions may also be posed for other
elements in our earthquake program. Indeed they are common to all
research where the outcome is uncertain.
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Mr. Chairman, that concludes my testimony. Dr. Hamilton and I
will be glad to answer the committee’s questions.

Mr. SymiNaroN. Thank you, Dr. McKelvey.

Dr. Hamilton, did you wish to speak at this time ¢

Dr. Hamiuron. T have nothing now. , .

Mr. Symineron. I want to thank you for that thorough exposition
of the on-going work of the Government in this area. I think it would
be helpful to the committee if you could submit a statement of the
dollar -amounts obligated by your organization to earthquake work
in1974,1975 and 1976 and the plan for 1977. . :

Dr. McKeLvey. We would be happy to do that.

Mr. Symineron. We would like that broken down into major cate-
gories or even into subcategories, if possible, and we would like to have
shown' the separation of the inhouse work from those things done
under grants and contracts outside and where those went, a real break-

_ down of the budget for earthquake relevant work.

Maybe you could tell us a little bit about your support for data col-
lection and instrumentation at the Palmdale uplift, the dollar amounts
and the number of instruments. Perhaps you could tell us something
about that now. :

Dr. McKewvey. I will ask Dr. Hamilton to give some details on this,
but T may just say that we have, since we recognized the uplift in the
- latter part of 1975, taken steps to augment our observation program
there. And the National Geodetic Survey, as I mentioned in my testi-
mony, has joined with us in a resurvey of a number of the leveling
lines in that area to acquire more recent information and we are in the
process of installing additional instruments in a stepped up program
authorized by the President and also described by Dr. Stever, which
amounts to an -increase of $2.1 million for studies in that area.

- I will ask Dr. Hamilton to supplement that with more detail.

Dr. Hamirron. $2.6 million is being made available for augmented
studies in southern California. It includes $2.1 million for the uplift
studies and $500,000.for restoration of requested cuts in the earthquake
program. The $2.6 million is being provided 50-50 by the NSF and the
Geological Survey. The $1.3 million from NSF has been received by
the USGS in the form of a grant. The funds from the Geological
Survey are currently awaiting approval from congressional commit-
tees, the House Appropriations and Senate Appropriations Sub-Com-
mittees. The request has gone from the Department of Interior and we
expect action perhaps by the end of the week, at least from the House
committee, ‘

Mr. GorpwaTeRr. Are these reprogramed funds ?

Dr. Hamruron. Yes. ~ :

Mr. GoLpwaTer. So you are just waiting for approval of the re-
programing ¢ .

Dr. Hamruron. Yes. We have a request for reprograming $1.1 mil-
lion of fiscal year 1976 and $200,000 of the fiscal year 1977 effort to
make the total of $1.3. What we are currently awaiting is the approval
for the reprograming of the $1.1 million. ‘

The $2.1 million for studies of the uplift would be used primarily
for instrumentation of the uplift region to detect further anomalies’
and also for studies predicting the effécts of a possible earthquake in
the Los Angeles region. The funds will bé spent both within the Geo-
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logical Survey and outside. We have estimated that about $1.24 million
will be spent outside through contracts with universities, private in-
dustry, and State and local governments, and $860,000 will be spent
inside. We have just issued a request for proposal; the closing date on
that is July 30. : ‘

We will be funding approximately $1 million through the request
for proposals. The studies will be comprehensive. They will include a
wide variety of instrumentation, seismographs, magnetometers, and
tiltmeters and a lot of surveys—leveling, triangulation, et cetera.

Mzr. SymingroN. Mr. Mosher, do you have any questions?

Mr. MosgEr. Mr. Chairman, maybe I should mention that T recently
had the privilege of spending several hours at Menlo Park, the center
there. I found it fascinating and impressive and I would urge that
other members of the committee go there. They are going to be moving
into larger, more efficient headquarters. And I think that will be help-
ful. T was impressed. '

You now have been delegated the authority, and, I judge, the
responsibility to issue warnings of impending earthquake disasters
but you really don’t as yet have the capability to give very precise
warnings. Dr. McKelvey indicates on page 8 that it may be several
decades before you actually have adequate information. This must be
“very troubling to all involved as to just how you go about living up
to this responsibility within your capacity. I notice, Dr. McKelvey,
that on page 7 you say that in March you met with the staff of the
California congressional delegation and the staff of the Governor. Is
that the procedure that you probably would follow now as you get
evidence that there is a serious earthquake impending, even though
you cannot say precisely when or where ? ,

Is that the first step in meeting your responsibility, to sort of in-
formally and behind the scenes discuss this with the State and local
officials? Is that the extent to which you dare go as of now?

Dr. McKeLvey. T would not call it informally and behind the
scenes. ~

Mr. Mosuer. I did not mean that in any derogatory sense. L

Dr. McKzLvEY. We are presently trying to develop procedures that
we would follow and will follow, recognizing that we are at the very
beginning of an entirely new process and ‘whatever we develop and
conclude now certainly will be modified by experience as time goes
on. ‘ '

Last November we held a conference in San Francisco to which we
invited the Governors of nine Western States, the mayors of some of
the larger cities, and other public officials for the purpose of discuss-
ing just how we would handle the prediction problem.

We outlined a plan at that time which was generally well received.
When a prediction is developed we would have a process for authen-
ticating it and then for notifying the State and civil authorities who
then would have the responsibility for issuing a warning in the sense
of both a prediction and adviee or instructions as to what to do. That
authority clearly rests with the civil authorities and is beyond both the
authority and competence of the Geological Survey and other Federal
agencies. ' : -

Mr. MosuEr. You are indicating that the responsibility for going
public with this in terms of potential newspaper headlines and that
sort of thing lies with the local authorities?
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Dr. McKerLvey. What we proposed, tentatively, at that time was
that we would first- notify the State and local authorities and would
delay perhaps for a day or two a public announcement of the pre-
diction in order to give the State and local authorities a little bit of
leadtime in developing a warning that weuld accompany the predic-
tion. But certainly a public announcement would need to be made
rather quickly following authentication of the prediction. We would
not propose delaying that long if the State authorities did not them-
selves make the announcement., ‘

Mr. MosHER. In other words, your agency would not hesitate to
make a public announcement ?

Dr. McKELvey. Noj; quite to the contrary, Mr. Mosher. We feel a
very weighty responsibility to the public to make known the resnlts of
any prediction that would be developed by the Geological Survey.

Mr. Mosuzr. Even though that could bring down upon your head
furies of all sorts? V ; : ' »

Dr. McKxeLvey. We are aware of that possibility and shudder to
‘think about it, but it'is a responsibility that we cannot imagine could
be vacated by the Geological Survey. I certainly agree that the pros-
pects that we face, in the period in which the development of predic-
tions will involve some uncertainty, is very disturbing and worrisome
toall of us. o - ‘ '

-1 mentioned the components of a prediction as consisting of a pre-
diction of the kind of event that will take place, where it will take
place, what its magnitude and effects will be, and when it will take
place. It is that time component in which there is greatest uncertainty
now.and which will give us the most trouble. - _ ‘
- This is the kind of uncertainty involved with the Palmdale uplift.
We know that there is going to be a very large magnitude earthquake
in that area sometime, but we don’t know when. That kind of uncer-
tainty may plague us for a very long time into the future. The kinds
of premonitory phenomena that we are recognizing are ones in which
there is a buildup over a period of time and then some sort of return
to normalcy just before the earthquake takes place. ‘

Until those very near-term premonitory signals are recognized all
you know is that you are building up for an event sometime in the
future. In the case of the Palmdale uplift, we know that uplifts of this
kind have preceded some earthquakes, so we have to regard this as a _
premonitory signal. We felt that even though we were unable to say
when, that 1t was incumbent upon us to inform the-civil authorities of
what is going on and its possible significance. I was very pleased, Mr.
Mosher, in our meeting with the él(;vern()r?s staff in ‘Sacramento in
March that they recognize the value and significance of having that
- kind of a warning even though we are unable to even approximate the
time at which such an eyent would occur, And they indicated that. they
would take steps to respond to it and indeed have since then. ..
~Specifically, a statement was made that as public officials reésponsible
for public safety in California they recognize that even a very long-
term prediction is one that is important for them to know about in
order to take steps to defend against the disaster that might be
involved, - , k ' '

Mr. Mosuer: Mr. Chairman, just let me make one further comment :
It seems to me that the gist of Dr. McKelvey’s testimony and also that

76-649 O =76 -4
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of Dr. Stever for that matter, is that the various executive agencics
are fully aware of the problem and also feel that they now have ade-
quate authority to do what needs to be done.

They might welcome some more money, but probably OMB does
not give them the authority to ask for more money. I judge they are
sort of telling us not to panic. Don’t push us too fast. We have the
authority and we’re trying to pull ourselves together to do the job.

Dr. McKelvey, does that accurately indicate the gist of your testi-
mony and if it does, are you satisfied with the present coordinating
mechanisms in this area? Do you feel that the various right hands
know what the various left hands are doing, or do you think it is
necessary to find some mechanism to carry out these responsibilities?
Even though it is out on the fringe, you referred to the bill I intro-
duced as bringing in some people having very meager responsibilities
or interest, but nevertheless we do bring them in. Do you feel that the
present mechanisms are adequate ?

Dr. McKeLvey. Mr. Mosher, I feel that in the area of the research
effort on both the science and engineering side that the coordination
efforts presently in place are adequate. Through the mechanism that
Dr. Stever mentioned, the informal group that meets frequently, and
also through the USGS Earthquake Studies Advisory Panel, which
-meets at least twice a year, all of the agencies with a direct concern
in those areas are well ¢coordinated. Y am sure anyone who has attended
them will attest that those meetings have been very effective in keeping
the agencies informed of each other’s activities and in a very broad
way coordinating their efforts.

However, there is the problem of coordination in the broader sense,
as Dr. Stever indicated, which is difficult. I am sure it is adequately
addressed. I am not sure that either your bill or any of the other ideas
as to how to go about it really would be effective with regard to the
problem. A

Certainly, there are many agencies beyond those I mentioned in my
testimony with a more or less direct concern with regard to earthquake
studies. Beyond them there are many other Federal agencies that
would have some involvement in an earthquake disaster if one should
occur. For example, there is the Small Business Administration which
is not mentioned here. It has a direct interest in earthquakes. But if
there were a major disaster and it was anticipated, certainly the offi-
cials of the Small Business Administration would be concerned in
preparing for it. Similarly, I expect the Internal Revenue Service
would too.

One can go on through agency after agency. I think someone counted
upward of 50 Federal agencies that might have some involvement
or need for preparedness actions. The question of just how to address
that is very difficult.

With respect to the matter of earthquake prediction, per se, the
Geological Survey proposed in the plan that 1 described to you and
which was presented at the conference in San Francisco last fall an
earthquake prediction council which would have the responsibility of
authenticating a prediction made within the. Geological Survey or
submitted to 1t. from someone on the outside. We proposed at that time
that the council would be composed both of Geological Survey experts
and members from the outside, experts on earthquake prediction. But
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as we have turned that around and recently discussed it with our
Earthquake Studies Advisory Panel, we have come to realize that that
formal -body might really be too inflexible to’ deal with some of the
kinds of problems that might be faced. Precursor signals might appear
possibly only a day or two in.advance of an earthquake. It might be
very difficult to even convene such a formal body on such short notice.
So our own thinking with respect to that part of the problem has
been that we could need to shift to a more flexible arrangement, still
maintaining the general structure of reviewing and authenticating an
earthquake predlctlon but without establishing a formal body respon-
sible %01 it. That is the kind of problem I think Whlch has to be rec-
ognized in this general area.

“Mr. GOLDWATER. Dr. ‘McKelvey, I assume the answer is no.

Dr. McKeLvey. 1 tried to indicate, Mr. Goldwater, that T think the
coordination problem is adequately—

Mr. GorpwaTter. Why does the administration come up with a pro-
gram that obviously does not address the question? Why don’t you
and Dr. Stever and who else get together and come up with a.compre-
hensive program, not just prediction and warning, but research, the
whole program?

Dr. McKEeLvey. Part of the program is under development And as
Dr. Stever and I indicated, the administration will come out with it.

Mr. Gouowater. I do not think the program is under development.
You have a study out which talks about one aspect of it. You are talk-
ing about USGS and National Science Foundation in the area of re-
search and dollars and predictions and scientific work. But you have
talked here with response to the question Mr. Mosher asked you, are
you satisfied that we have a program? You said no and then you went
oh to enumerate numerous areas that were not adequately treated.

Now this study that you have out is not going to address all of those
areas. \

Dr. McKzervey. Itis not presently addressing the coordlnatlon prob-
lem. But, as I indieated, I think that this is an extremely difficult prob-
lem and one that needs to be looked at.

Mr. GorpwaTER. It becomes less difficult when you begm addressing
it. I would like to ask you, Dr. McKelvey, did you make a predlctlon
here today? You said that there will be an earthquake in the Los
Angeles area; around the Palmdale uplift, is that a prediction?

Dr. McKzervey. Itis a prediction of a kind.

Mr. GoLpwarer. Has it been publicized in the Los Angeles area ?

- Dr. McKzrvey. Yes; I think 1t was well publicized by the California
press, :

Mr. GGorpwaTER. : You have not glven a certaln date, have you?

Dr. McKEervey. Indeed not.

Mr. Gorowater. I thought we would make some news here today
and issue a warning.

Dr. McKervey. We are unable to do thafc that i is, to issue or prediet
when such an event will occur, but we can say with great certainty
that an earthquake of large magnitude will occur in the future.

Mr. Gorowarer. Is this supported in the scientific community ?

Dr. McKeLvey. Yes;it is, Mr. Geldwater. :

Mr. GoLpwATER. I was interested in your discussion with Mr. Mosher.-
There are two things involved here. We have prediction which is a
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scientific technical accomplishment and you have warning which is a
political phenomenon.

‘Do I understand correctly that the policy of at least the USGS is
not to get involved in a political decision, the political aspects of earth-
quake warning and leave that up to the local elected officials?

Dr. MoKzxLvey. Mr. Goldwater, we are presently developing, as I
indicated, the procedures that. would be followed. Whatever we do
~ certainly will be on a provisional basis. o »

Mr. GorpwaTer. In other words, you do not have a policy today in
that regard ?

Dr. McKeuvey. Our thinking today is—and this is what we have
already followed in the case of the Palmdale uplift—that we would
distinguish between a prediction and a warning, a prediction being a
forecast that an event 1s going to happen and the warning consisting
of instructions or advice as to what to do about it. The warning would
" be issued by civil authorities who have that responsibility.

Mr. GoLpwaTER. Are those Federal civil authorities?
~ Dr. McKeLvey. No; State and local civil authorities. The Disaster
“Relief Act of 1974 establishes the responsibility for issuing a warning
and that responsibility, as I indicated, has been redelegated to the

Geological Survey. It does not make a distinction between prediction
and warning. ‘ :

Mr. Gorpwater. There should be, should there not ?

Dr. McKewvey. I believe there should be.

Mr. Gorowater. And do I understand, yes or no, that USGS has a
policy-in this area ? : :

Dr. McKeLvey. The policy we have at the present time is that we
would issue the prediction and the civil authorities would issue the
warning. ‘

Mr. GoropwaTeR. How long has the USGS been involved in the earth-
quake business?

Dr. McKELveY. Probably 75-or 80 years in one way or the other,

Mr. Gorpwater. OK, just recently to the magnitude you are today ?
How recent is that? I guess what I'm trying to get at is: Is your
activity, the current activity, a recent phenomenon?

Dr. McKenvey. The direct funding of earthquake studies I believe
began about 10 years ago at the level of about $1 or $1.5 million per
year and then as a result of studies that were made and recommenda-
tions developed in the scientific community. In fiscal 1973, the pro-
gram was stepped up to a level of about $5.6 million and in 1974 to a
Tevel of $8.7 million. So the acceleration in the earthquake hazard re-
duction studies took place about 3 years ago and you might say that
the focus on earthquake hazard reduction took place in the late sixties.

Mr, Gorpwarer. Thank you.

Dr. Hamilton, it occurs to me that we are fortunate to have you
-involved in this program. I notice by your background that you have

a long association in these areas of concern that we are talking about
today and that you are a graduate of the Colorado School of Mines
and Berkeley and have taken part in a number of research programs
concerned with earthquakes. I am wondering from your vantage
point-——we have heard about the China phenomenon—are we realisti-
cally close to dealing with and predicting earthquakes accurately ?
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Dr. Hamiuron. I am very familiar with the China phenomenon. I
was privileged to travel there in October 1974 with the American dele-
gation and so I 'had a firsthand view of the work going on there.

Mr. Goupwarer. I believe you wrote a paper on that.

Dr. Hamiuron. I was one of the authors of the comprehensive re-
port. published on earthquake research in China. The Chinese achieve-

‘ment is certainly a great one. There is no doubt that they saved tens
of thousands of lives through their prediction. They have also made
numerous false predictions. They readily concede this. There have been
many errors in the program. So the capability that they have is not a
reliable capability, but indeed it has saved many lives. In the United
States, we are now in the situation where we have deployed many in-
struments and we are observing signals that show anomalies similar
to what have been observed in other countries.

So we are faced with the problem of trying to interpret those anoma-
lies and provide the best information we can. The difficulty is that we
do not have enough experience to have established a track record as
to how these anomalies behave. For example, the earthquake that oc-
curred in central California on Thanksgiving Day a couple of years
ago showed a magnetic anomaly that occurred before it, a very clear
anomaly. That is the only anomaly we have seen. It was a variation in
the Earth’s magnetic field that preceded the earthquake. )

Mr. Goupwater. And you were able to measure this?

Dr. Hamuron. Yes. But that is one anomaly and one earthquake.
Now the next time we see an anomaly we will think there is probably
‘going to be an earthquake, but maybe that time there won’t be one.
Then we will have a 50-50 record. What I am trying to say is that
‘while we are trying to develop a sound theoretical basis we are largely
in an empirical situation where we can base our predictions only on

. thetrack record. ¥ L : ,

Mr. Gorpwater. Do we have a cooperative effort around the world
in this so we can maximize the experiences? v

- Dr. Hamruron. There is very good cooperation. We have a good ex-

- change program with the Soviet Union, a fairly good exchange pro-
gram with Japan, and the exchange with China is picking up. We
have a delegation there right now., Those are the main countries en-

- gaged in earthquake research. We feel that we have fairly good access

tothe progress that isbeing made. = ;

Mr. Gorowarer. Is everybody talking the same language and is all .
--of the information going to be compatible so far as standards and in-
strumentation? = S ‘

Dr. Hamivton. Pretty much. I do not think there is any reason to -
try to standardize on instrumentation at this point. There are still
so many questions unresolved that diversity is of great value: But we
are all talking to each other. We know each other and there is a lot
of communication back and forth. I think we in the United States are
in an excellent position to pick up on any new developments in these
three countries. : : : 2

Mr. Gouowater. Thank you, Mr. Chairman. :

‘Mr. Symrvaron. Thank you, Mr. Geldwater. It has been a very in-
teresting discussion. I wish we could pursue it. Just one last qaick
question, and I’'m hoping for a brief answer from Dr. McKelvey :



50

Given the fact that there is some kind of time bomb situation involv-
ing an earthquake in California and the need to improve the predic-
- tion skills so that you can get closer to the precursors and all of the
different varieties and possibilities, do you think the funding that is
© currently invested in an effort to refine our prediction is sufficient ?
And if not, do you have a level which would appear to be appropriate
and which you would recommend ?

Dr. McKEeLveY. I do not think it is sufficient to develop the predic-
tion capability as rapidly as it probably could be developed with the
capability that exists.

Mr. SymineroN. On that point, as I asked you earlier, as to the
1977 dollar amount which you are going to submit—do you happen
to have it in your head at the moment ?

Dr. McKervey. The 1977 request before Congress presently is for
$10.5 million.

Mr. SymiNgToN. Do you consider that adequate ?

Dr. MoKEervey. I do not believe it is adequate to develop a predic-
tion capability as rapidly as could be done.

Mr. SymiNngToN. Do you have in mind a figure that would ¢

Dr. McKeLvey. We have proposed various levels, Mr. Chairman,
and this is presently one of the tasks that we are working on with NSF
and that will be reviewed by the panel that Dr. Stever spoke about in
time for consideration in the 1978 budget.

Mr. Symingron. I understand, but in the consideration of the 1977
budget you settled on a figure of $10.5 million which you yourself do
not think is adequate. I am asking you what in your own mind would
have been better suited to absorb these talents which are available to
vou today. You must have a prediction ?

Dr. McKerLvey. T don’t know that I can give off the cuff, Mr. Chair-
{)negl, figures that were considered in the development of the 1977

udget.

But certainly, as you indicated, more could be used. Scientific talent
in this area could have carried out a larger effort than was actually
proposed. o

Mr. SymivaroN. Were you involved in those discussions ?

Dr. McKELvEY. I was involved in the discussions in the development
of the survey’s budget. :

Mr. SymingToN. I mean the discussions that led to the decision to go
with $10 million for 1977. '

Dr. McKrrveY. No, I was not.

Mr. Syminaton. Did anybody report to you as to how the discus-
siong went ?

Dr. McKzLvey. No, I did not receive any information as to any dis-
cussions.

Mr. Symineron. Were you consulted as to whether or not $10 mil-
lion was an adequate figure ?

Dr. McKeLveY. As the President’s budeet is finally drawn up, of
course, priorities have to be balanced.

Mr. Symineron. T understand that, but before you can compromise
vou have to know what the extremes are. So I just wondered if you
were consulted and if you had indicated vour feeling that vou could

not ;'eally get what was necessary. Could vou tell us what the figure
was
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Dr. MoKeLvey. I am not sure I understood your question, Mr.
Chairman. ' ' - :

Mr. Symincron. Before they decided on the figure of 10 they un-
doubtedly considered other figures. Wouldn’t you say that is so ? They
just didn’t pull it out of the air? Would that betrue ?

Dr. McKeLvey. They certainly considered the proposed level sub-
mitted by the Department. : '

Mr. SymingToN. Department of the Interior ?

Dr. McKeLvey. Department of the Interior. :

I can’t recall, Mr. Chairman, what the level of funding that was
recommended or requested by the Department actually was.

Mr. Symineron. Would it be possible to get that figure for the
committee ? ;

Dr. McKEeLvEY. Yes. ’

Mr. Symingron. I take it that figure would be closer to a reflection
of your concern as to what could profitably be used. '

Dr. McKeLvey. The Department also has to balance its priorities,
Mr. Chairman.

Mr. Symincron. That brings us down to your own original figure
which was cut by the Department and again by OMB. What would
that be? A

Dr. McKzrvey. I would have to supply that, Mr. Chairman.

Mr. Symineron. So now we can have three figures. The first we
know, since it is in the budget. The second is what Interior proposed
and the third is what you proposed internally. Would that be possible #

Dr. McKeLvey. Yes.

Mr. SymingToN. That would be fine because we are anxious to know
what people who are intimately connected with this process have to
say about it. That is why we have you here as a witness. It shouldn’t
be any secret really. We want to hold everybody accountable in the

" Federal bureaucracy for the proposals they make. And if we do not
know what they are, it is difficult for us to perform that function.

Are there any other questions for Dr. McKelvey ?

- [Noresponse.] - ‘ f
‘Mr. Symineron. If not, I want to thank you very much for your
thorough and informative testimony.

Dr. McKeLvey. Thank you, Mr. Chairman. :

[Further questions in written form were submitted to Dr. Mec-
Kelvey. The questions and responses follow :]
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1; Q: Please submit a statement”of the dol]ar,amoﬁnts obligated by
USGS for earthquake work in fiscal years 1974, 1975, 1976 and 1977
(planned). The statement should be broken down into major categories
and further into subcategories if thig is informative. In-house

work should be separated from work under grants or contracts.

A:  The total funds oﬁligated for the Earthquake Hazard: Reduction

Program afe:

Fiscal Year 1974 1975 - 1876

Funds o §8.6M $10.9M $11.1M
The opparent 1ﬁbrease from 1974 to 1975 resulted from a transfer of
earthquake programs from NGAA to USGS.

In FY 1977 the President requested a reduction df'$0.7M in the
Earthquake Hazard Reduction Program. Both the House and Senate appropriation
subcommitteees restored the veduction, as did the confetéhce committee.

A detailed breakdown of the fund distribution for FY 1975kon the
next page shows the program balance according to topic and 1n£erna1

ve. external project. The percentages for FY 1976 are very similar.
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(1,000%)

FISCAL 1975

USGS Service

) Internal in Support of - External
Program Objective| Projects External Proj. Projects - Total
EARTHQUAKE DATA SERVICES 159.5 1,726.4 -- -1,885.9 |
% of Grand Total : : 17%
EARTHQUAKE HAZARDS: i )
Risk and Ground Motion 660.4 -- 55.5 715.9
‘Recurrence 118.1 - 20.0 138.1
Ground Failure 150.0 -- “ 150.0
lMapping & Evaluation 662.0 - 170.1 832.1
Earthquake Tectonics 644.6 -- 227.0 871.6
(Geophysics) o
tarthquake -lectonics = 9b2.2 - 19.7 981.9
(Geology) v :
Subtotal 3,197.3 -- 492.3  3,689.6
% of Grand Total 34%
EARTHQUAKE PREDICTION: - | .. o ! e
Seismic Studies ' 1,579.3 85.8 970.1  2,635.2
Crustal Deformation 1,238.3 e i 259.1 . 1,497.4
Electrical Resistivity - . 23.8 123.3 147 ¢
Geochemical Indicators - : - 35.0 35.0
Fluid Pressure Effects - -= 145.7 145.7
Rock ‘Properties at 246.6 = 89.9 336.5
" High P&T . o
Source Studies 227.8 -- 42.8 270.6
Stress Determination 69.2 == 72.0 141.2
Subtotal 3,361.2 109.6 1,737.9 - 5,208.7
: . 48%
OTHER . - o - 23.6 - 75.8 7.7 107.1
% of Grand Total 1%
. TOTALS L 6,741.6 1,911.8 2,237.9.10,891.3
=% of Grand Total - 62% 18% 20%

1002
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2. Q: What are past, present and planned USGS efforts in earthquake

modification?

A: Geological Survey efforts in earthquake modification followed
the discovery in 1966 that pumping of fluid underground into a deep
disposal well was responsible for the triggering of earthquakes near
Denver, Colorado. | 4 .

In order to test speculations that earthquakes might be controllable,
the USGS conducted a field experiment from 1969 tp 1974 in an oil field
at Rangely, Colorado. Variations in local earthquake activity were
produced by alternately injecting and recovering water from wells that
penetrated an earthquake-gencrating zone; The experiment conclusively
demonstrated that earthquake activity at Rangely could be increased by
injection of fluid and decreased by pumping out fluid.

Following the Range]yAexberiment, geologic and geophysical studies
were carried out in weStern Nevada in order to identify a .possible
area for a full-scale earthquake modification experiment on a natural
fault. Such an experiment, however, cannot be mounted within the present
budget. ‘

Laboratory and theoretical studies.of fluid pressure effects on
faulting also were‘begun. A modest effort in laboratory-scale simulation
of earthquake control currently is being carried ouf.

In addition to the possibility of modifying the behavior of active

- faults, earthquake modification research is important because of the light

it may shed on reservoir-triggered earthquakes. Filling of reservoirs
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behind dams apparently has triggered earthquakes, in a few cases as
large as magnitude 6.5, causing damage and loss of life. At present,
there is no sound basis for evaluating which reservoirs might trigger
damaging earthquakes, nor what to do about earthquake activity once it
is stimulated. The Rangé]y'experiment\suggests that certain engineering
actions may be available to 1imit reservoir-induced seismicity.
Present USGS research in earthuake modification is Timited to
small-scafe 1aborafofy experiments. Studies that could be undertakgn
include: (1) study of the effects of reservoirs on seismic activity; .
(2) study of the physical properties of fault zones in relation to
pqssib]e modification experiments; and (3) conduct of an earthquake-

control experiment on a remotely situated active fault.

Q: Please describe USGS support for data>0011ection and instrumenté—
tion at the Palmdale uplift including dollar amounts, number of
instruments and other descriptive material (if needed). Instruments
for measuring at least the following should be mentioned: earth
movamehts, earth dimensions, tilts, electrical resistivity, well

.1evels, magnetic‘field, and gravitation'field,'
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4. . Q:  How would USGS utilize the funding that would be authorized by
$.1174 if that funding wefekmade available ($25,000,000 in FY 1978,

for example?)

A:  Funding to the Geological Survey authorized by S.1174 would be
used for program expansion in the following areas::

"Earthquake Data Services

e Reestablish maintenance program for and upgrade the Worldwide
Standardized Seismograph Network

Earthquake Hazards Evaluation

e Expand hazards mapping fn wastern Uhited States urban areas
at high seismic risk ‘

o Begin hazards mapping -in: eastern United States urban areas at -

Koand fmprove cstimates of th:fc:rthﬁ::k:
vulnerability

o Develop and improve methods for estifating damage and loss,
and define more accurately earthquake risk‘on a nationwide
and regional basis '

o Increase studies of earthguake activity in selected areas of
the eastern U.S. to imprpve estimates of eastern U.$. seismic
risk and to determine.geoldgic and seismologic reasons for the
differences in damage patterns between eastérn and western U.S,

‘o Expand studies to estimate frequency and maximum size of eartthakes
by region using gedlogié as well as historical seismicity data

8 Increase studies of strong ground shaking and geologic factors

that affect earthquakes losses
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Initiate a seismic zonatfon demonstration project in the San
Francisco .Bay Region to develop products suitab]eifor land
use decisions at State and local levels k

Undertake utilization programs to brihg together Federal,
State, ‘local and private individuals for mbre effective use

of ‘geologic- information for earthyuake hazard mitigation

Farthouake Prediction Research

&

@

Monitor and evaluate the southern California land uplift
Upgrade ¢arthquake prediction instrumentation and computer-

processing capabilities in California

“Expand studies of: several types of earthquake precursors that

are presently poor]y:st&died, if at'a11, inctuding water well
fluctuations and geochemical variations-

bepioy networks of insnrumentatibn for earthquake prediciion
experiments in Seattie, Reno; Salt Lake City, and south-central
Alaska regions to. aceglerate rate of observafion of earthquake
precursors: - ‘

Expand theoretical, analytical and modeling studfesvto provide a

- physical basis for interpreting al¥l types of earthquake precursors

Establish a computer and communications capability. to monitor
earthquake precursors -in fea1 time

Expand leboratory studies on properties of earth materials
pertinent to earthquake predictions -and laboratory analogues of the

earthquake process -
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o Increase efforts to develop more re1idb1e instrumentation for
monitoring possible earthquake precursors,:including especially
instruments for measuring strain with lTong-term stabiiity

e Initiate a field experiment and supporting laboratory studies
on earthquakes caused by reservoirs to develop criteria-.for
avoiding inadvertantly triggered, damaging earthquakes

(] CooperatiVely install earthquake prediction instrumentation in
foreign countries td substantia]]y increase the rate of obser-

vation of earthquake precursors

76-649 O - 76 -5
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5. Q: Please provide a statement of the 1ikely future development of
earthquake prediction and how it depends upon the level of funding

provided.

A: Earthquake prediction, in recent years, has emerged: from the
realm of soothsaying to become a serious scientific endeavor with a
significant Tikelihood of a short-term technological breakthrough.
Observations reported primarily from the U.S., China, Russia, and '
Japan indicate that clearly observable phenomena precede some large
carthquakes. The time scale over which these phenomena emerge prior
to the event is measured in years to hours, thus providing the potential
for socially useful predictions of forthcoming destructive earthquakes.

Earthquake prediction depends on detecting precursors prior to
earthquakes., RrReliabie prediction depends.on observing a variety ot
precursors, understanding thgir causes, and understanding the basic
physics of the earthquake source. Thus a prediction research program
must be broad based and will depend heavily 6n observations of precursors
of earthquakes within networks of a variety of.dense}y spaced instru-
ments. The rate of progress toward a prediction capabi]ity is directly
linked to the rate at which precursors are observed. Multiple observations

on a variety of instruments are ﬁeeded to develop an accurate physical
model for eérthquake precursors. Dense instrumentation of an active
fault zone with a wide variety of sensors costs about $12K per kilometer
of fault to install and about $7K per kilometer to operate each year.

The existing U.S. effort, funded at about $5 million in FY 1976,

has progressed significantly. Reliable instruments for detecting
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most suspected brecufsors have. been developed, tested, and deployed
in small prototybe arrays. ‘Real-time and automatic data processing
techniques have been developed. Hypotheses as to the nature of thé
carthquake source and the cause of precursors have been developed and
partially tested in the laboratory. Now that this groundwork has been
laid, expansion of the national effort can be undertaken efficiently.
Considering the rate of pccurren§e of earthquakes of magnitude 5 and -
greater and the costs of operating observational systems in the various
seismic regions of the U.S., the most economical and effective approach
is to instrument selected regions of high seismicity in Ca1iforn}a and
. Nevada. Some moritoring, however, should be done in regions on the
coast of Alaska whefe the ]ikélihood of major eérthduakes seems high.
It appears Tikely that the basis for a prediction capability can
be established after the precursors for on the order of 10 earthquakes
of magnitude 5 or greater ére clearly recorded within a dense observational
network. At the current level of funding it is estimated that these
observations will be gathered in about 20-25 years. If the level of
funding were that authorized by $.1174, it is estimated that the requisite

observations would be gathéred in about 5-10 years,
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6. Q: MWhat was the DOI request for EQHRP funding in the FY 1977 Process?
What was the USGS request to DOI?

A: The USGS requested a major increase of $17.8 million for a
total program of $29.8 million (1nc1uding geomagnet1c abservatories).
" The DOI initially requested an increase of $1.0 million for & total
program of $12.1 million. In a subsequent proposed budget amendment,
the DOI requested an EQHRP increase of $16.6 million for a total program

of $27.7 miltion (excluding geomagnetic observatories).

7. Q: What legislative authority does the Geological Survey currently
have to operate programs related to earthquakes? Please cite

sections of fhe U.s. Code or Statutes.

A: The Geological Survey was established by the act of March 3, 1879
(20 Stat. 394; 43 U.S.C. 31), which provided for "The classification of
the public lands and the examination of the geologica]}structure, mineral
resources, and products of the national domain." The'Act of September 5,
1962 (76 Stat. 427; 43 U.S.C. 31 (b)), expénded this éuthorization to
include such- examinations outside the national domain. Further indication
of the authority of the Geological Survey in earthquake hazards investiga-
tions can be obtained from the U.S. Government Organization Manual,
which states that the Survey undertakes "research into geologic prin-
ciples and processes to provide guidance for significant geologic
interpretations; specializéd research in geochemistry, geophysics, and
~paleontology in support of the geologic and mineral resource investiga-

tions."
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Mr. Symineron. We will now be pleased to hear from Richard
Wright, Director of the Center for Building Technology, NBS, ac- -
companied by Samuel Kramer, Deputy Director. :

Dr. Wright, as so often happens, being at the end of the list you
have patiently waited for a long time. We appreciate that, and we
would also appreciate it if under the circumstances you could give
your testimony fairly briefly and we will certainly make your full
paper a-part of the'record. ‘

[Brief biographical sketches of Dr. Richard N. Wright and Mr.
Samuel Kramer and the complete prepared. statement of Dr. Wright
areas follows:].
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RICHARD N. WRIGHT.

Date of Birth: May 17, 1932

Birthplace: Syracuse, New York

Education: (Deégrees)

Syra.cuse University, B.S. Degree; Civil Engineering, 1953
Syracuse University, M.S. Degree, Civil Engineering, 1955
University of Illinois, Ph.D. Degree, Civil Engineering,
1962

Position:

Director, Center for Building Technology

Dr. Wright was appointed Director of the Center for Building Technology in June 1974. As
Director, Dr. Wright is responsible for programs encompassing the scientific, technological
and professional interests heeded to identify and conduct research on measurement problems
arising in building design, construction, operation and maintenance. The scope of its
operations range from research and consultation on single building materials, components
and subassemblies, to whole buildings and entire building sites.

From 1957 to 1974, Dr. Wright served on: the faculty of the University of Illinois, Depart-
ment of Civil Engineering. While on leave from the University, Dr. Wright headed the
Structures Section of the Bureau's Building Research Division, 1971 to 1972, and was Deputy
Director--Téchnical of the Center for Building Technology, 1972 to 1973,

Dr. Wright's research activities have included structural design for dynamic loads; flow
and fracture in structural metals; mechanics of thin-walled beam structures; optimum design
procedures; formulation and processing of design criteria; reliability and performance cri-
teria for buildings. At the National Bureau of Standards, Dr. Wright has been responsible
for structural engineering research on loadings due to wind and occupancy, structural per-
formance in serviceability and ultimate limit states of building systems, and criteria for
structural performance; development of a cooperative Federal Program on Building Practices
for Disaster Mitigation; led an NBS team investigating' the performance of buildings in the
1972 Managua, Nicaragua earthquake; and conducted a review of the Nicaraguan building reg-
ulatory system for the Agency for International Development and the Organization of American
States.

Dr. Wright is a member of the American Society of Civil Engineering, the American Concrete
Institute, the Column Research Council; Reunion Internationale des Laboratoires d'Essais et
de Recherches sur les Materiaux et les Constructions, the International Association for
Bridge and Structural Engineering, Sigma Xi, Phi Kappa Phi, and Tau Beta Pi. He is regis-
tered as a professional engineer in New York and as a structural engineer in Illinois.
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- SAMUEL KRAMER
Date of Birth: June 2, 1928
Birthplace: New York City, New York
Education: ~ (Degrees)
gailelor ‘of C].v11 Engmeenng, College of* the Clty of New
(e}

Graduate School of Public Admmlstratlon, New Y rk
Unlver51ty :

Professional License: .Registered Professional Engineer (P.E.).

Position:

Acting Deputy Director
Center for Building Technology

Mr. Kramer, who serves as Acting Deputy Director, Center for Building Technology,"is a
graduate civil engineer and has done graduate study in the field of public administration. °

" Mr. Kramer was in the military service from September 1950 through August 1953, during .
which he served. both in the United States and overseas. His primary assignment was as a
battalion staff officer with an:engineering construction battalion that was responsible
for the constructlon of the major facilities in Europe.

Mr. Kramer was in the private construction industry before joining the Corps of Engineers,
where he served as a civilian engineer for 10 years. At the Corps of Engineers, Mr. Kramer
was responsible for the development of design critéria and the de31gn and construction of
military projects throughout:the United States. 'He received 12 cltanons and awards from
the Corps for outstanding engineering.

Subsequently, he joined the Bureau of the ‘Budget, now the Office of Management and Budget,
Executive Office of the President, where he served for over four years. Mr. Kramer had
‘responsibilities in a number of major program areas, including the environmental quality
programs, the Federal Water Quality Control Adm:mlstratlcm of the Department of the Interior,
the Tennessee Valley Authority, the Panama.Canal and intérstate and Federal-interstate com-
pacts. He also served on many Executive Office and White House task forces as well as on
sub-Cabinet-level and inter-agency committees.

In July 1970, Mr. Kramer joined the National Buréau of Standards as the Federal Building
Research Program Coordinator ‘in the Institute for Applied Technology's Building Research
Division. - In July 1972, when the Center for Building Technology was formed at the National
Bureau of Standards, Mr. Kramer was appointed Chief of the Office of Federal Building Tech-
nology. . In September 1974, he assumed the position of Acting Deputy Dn'ector, Center for
Building Technology.

- 'Society  of Civil Engineers and the American Society for Public Administration. He is the
rec1p1ent of numerous awards and honors and was elected to Tau Beta Phi and Chi Epsilon,
National’Honorary Engineering Organizations. He is also active in commmity; educational
and religious organizations.

Mr. Kramer.is a registered 'professlzﬂftl engineer (P.E.) and is a member of the American
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Hazard Reduction Legislation

by

Dr. Richard N. Wright S
Director, Center for Building Technology
: Institute for Applied Technology

National Bureau of Standards
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Committee on Science and Technology
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Mr. Chairman, Members of the Oonnuttee, “thank you for this: opporttmlty ‘to
testlfy before your Oommttee today. It is'a pleasure for me to comment on
this' important 1eg1slat1on and ‘to describe the Natlonal Bureau ‘of Standards'

disaster m1t1gatmn progranm.

Recently, we have witnessed earthquakes in G'uatémaiié', Italy, and the Soviet N
Union. Thousands of lives were lost and millions of people were left homeless.
Property damage was éstimated in the billions. Fottlhi@tely, ‘we_have. not
experienced a major earthquake in ‘the United States in five years. We may

not continue to be as fortuhate. ‘'Studies by the Office of Emergency
Preparedness (OEP) and the: Federal Disaster Assistance Administration, for
example, indicate that a repeat of the San Francisco earthquake of 1906

could cause approxim'ateiy 10,000 deaths, 40,000 injuries and billions in
property damage: Losses on this scale could “also occur 'foliowing a large
earthquake in the Los Angeles area. L o

Although people normally equate the earthquake hazard with thé State of

; California, other regions of the United States are also suséeptible t'd" )
this disaster. Although the probability of a serious earthquake oectirring
at any given place and time is relatively low, studies show that éarthquakes
pose a potential threat to over 70 million people in 39 Stateé who live k
in areas of high or modetate earthquake rlsk Clearly, “the "earthquake

: problem is a natmnal one,
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‘1Since earthquake; could potentially cause great hman suffering and
property losses in all regions of the U.S.; we need a balanced
program of earthquakg hazard reduction, which includes earthquake risk
assessmeht, mitigation and relief. Risk assessment identifies the
frequency and severity of future eai‘thuakes. Earthquake mitigation
provides preventive ,méasures such as improved building practices for
hazard reduction, Earthquake’ relief, a most familiar term, furnishes

assistance for earthquake: victims.

The success of a balanced earthquake program requires the cooperation of
Federal, State, and loc;al governments and the private sector. In the
past, most Federal programs’have been. aimed solely tqward disaster relief.
Some work has been done in projecting the earthquake risk and improving
building practices, but too often we have been reacting after-the-fact
instead of taking corrective steps before the disasters occur. It is
imperative that tﬁe Federal Government continue to provide relief for
disaster victims, but we must also strive to develop ways for reducing
potential losses. It is preferable to save lives and to énsure that
buildings stand than to spend greater amounts of money rehabilitating

earthquake damaged areas.

The need for such a balanced program was recognized in the OEP report
on disaster preparedness to the Congress in 1972, in response to
Section 203(h) of P.L 91-606, the Disaster Relief Act of 1970. This
Executive Report was the first comprehensive examination of all natural

hazards. The report stated that: 'Land use and construction regulations
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containing strong disaster ﬁitigatio'n features ¢can in the long run

alleviate losses: causedkby natural‘disasters." The Congress addressed

land use a.nd‘éoné—tructibn regulations -and promoted a balanced p‘rogfam’ e
wﬁen, in 1974, the Disaster Relief ‘Act of 1974, P.L. 93-288, was

enacted. The Act requires State and local governments to use Presidentially-
prescribed standerds £6r- Jand use’ and-construction practices as a
prerequisite for disaster loans -and grants. The coupling of. disa#ter

relief and mitigation reversed the trend of much legislation }and

provided a-more appropria’te perspeétive; '

Nationdl Burean of Standards' Disaster Mitigation Progran

The National Bureau of Standards' Institute for Applied Technology

_ houses the largest and most cémp’rehensive building research laboratory
in the United States. TIts Center fof Building Technology (CBT) which
has a staff of 240 and an annual budget of $12 miliion, provides the .
focal point for the NBS disaster mitigation program. : Other NBS units
also contribute to technology for reducing the earthquake hazard. .
The Center provides technical information, measurement methods and * o
criteria for improving the usefulness, safety and economy of buildings.
Our research focuées on thé performance concept which les;d;s to the

-development of c¢riteria and test methods that give. buudin‘g‘ designers,
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manufacturers, and contractors maximum opportunity for innovation. For
exanple, we developed criteria for solar heating and cooling .systems
cailed for in P.L. 93-409, the Solar Heating and Cooling Demonstration
Act, which has been strongly supported by this Committee.. We are now
assisting the Department of Housing and Urban Development. (HUD) and the
Energy Research and Tevelopment Administration (ERDA) in the planning
and evaluation of the solér demonstration. This is’ representative of
our role as a laboratory resource for the more than 30 Federal agencies

with building programs.

Our staff includes architects,- engineers, physical s;ientists, psychologists,
economists, and other specialists from over 30 disciplines. Our 'interd'iysci-
plinary approach considers how _,buildin,gé should perform to meet building:
occupahts' needs. To ‘accomplish this task, we work-¢losély with all
elements of the building community: design ‘prbfessfions, builders,

organized labor, ‘building regulatory authorities of State and local
governments, researchers in universities, national - standards -writing

bodies, building user organizations, and Federal agencies. With your
permission, Mr. Chairman, I would like to introduce for the record two
background papers delineating our interactions with these groups .of thé

building comunity and terminology for codes and standards.

The NBS has a long history of disaster mitigation research. Beginning
with our pioneer work on the fire problem in 1910 and progressing from
the 1920's to the present with our research on the effects of winds on

structures and on the performance of masonry, the NBS program has focused
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on the déVelopmé& of improved building practices to reduce damégés
caused by various types of natural dlsasters, such as tomadoes, '
hurricanes, earthquakes, and floods. - Since buildings are subJected
to many typés of natural hazards, we consider all substantial risks
"in the design and use of buildings. Earthquakes and extreme winds,
.as well as explosions and some acc1dents, produce similar effects on
a building. Integrated attentlon to all these hazards costs 11tt1e
more than treatment of earthquakes alone and prov1des substantlally
increased benefifs. However, since the scope of S. 1174, H.R. 13722
and H.R. 13845 deals with earthquake hazard reductlon, we will discuss”

only this subJect.

" We -have participai:ed in post-disaster investigatioﬁs in San Fernancio,
California in 1971; Managué, Nicaragua in 1972; Guatemala in 1976; and
recently in Italy. We apply the lmbwledgé gained ffom these investi-by.
gations to deveiOp improved building practices. We assisted Nicaraguén
authorities in evaluating damaged buildings and in upgrading their

“building regﬁlatory systen. Fokliowing:t'h'e San Fe_rriaﬁdo earthqﬁake, our
assessment of ‘earthquake daxﬁage, to residences was used by field inves-
tigators of the Small Business Administration to vélidate Federal loans.
We also testified before the House Committee on Public Works at ay f'i.’:‘e‘ld
hearing in California on Februaf‘y 23, 1971 and discussed the damage to
the San Femando area, We accompanied that Comnuttee in its own mspec-
tion of earthquake damage to help them assess the need for dlsaster

relief and subsequent leglslatlon.
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The San Fernando earthquake of 1971 showed the need for a balanced
approach to earthquake mitigation. The National Science Foundation

(NSF), NBS, Department of Housing and Urban Developmentb (HUD) , and OEP
planned a cooperative Federal program on building practices for’ diséster
mitigation in 1972. Witﬁ sponsorship from NSF, the NBS conducted a
workshop for experts in the building community including architects and
engineers, building code officials, standards wfiters, and planners, to
develop a national plén for disaster mitigation activities. The work-

shop participants synthesized current knowledge on building practices

for insuring the safety of building occupants in new and e)&istingf bgildings.
They made recommendations to fouf audieﬁces: 1) policy makers‘ in Federal,
State and local governments, fof guidance on disaster mitigation laws, ’
regulations, policies, and programs; 2) practitioners, such as architects,
engineers, and building contractors, for guidancé on the best current
practices to be used in making decisiéns about building construction;

3) standardé writers and those responsible for devéloping recommended
practices, such as building code officialé, for guidance on the defi-
ciencies in present practices; and 4) researchers, for guidahce on needs

for new knowledge.

This plan and the proposed recommendations to users in the building

commmity, as presented in NBS document Building Practices for Disaster

Mitigation (Building Science Series 46), provided an integrated approach
to disaster mitigation through research and the implementation of '

improved building practices.
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One works]hopvrécomne‘n&atim was to up&ate the seismic provisions of
building- codes. - The-last major‘revision to théée provisions occurred in .
the 1950's. Since that timé, there have been significant advances in

" knowledge. Based on the workshop rééomnendati’o‘n; the National Bureau of
Standards; -sponsored by the National Science Foundation and NBS, initi-
ated a three-year $1.3 million -progr-a:ﬁ to  develop improved éeismic
design criteria which could be used nationwidé 1n new build_ings‘and in -
vthe rehdbilitation of: ex1$t1ng buildings. We have used thé Applied
Technology Council of the Structural Engineers Association of Callforma

as a principal resource.

Eighty experts from all sectors of the building community are partic-
ipating in the development and implementation of the design c;riteria.
In selecting these experts, NBS chose people from all areas of the‘
éountry, with strong participation by representatives from California
and other high seismic risk areés, to ensure consideration of various
localities' needs and effective implémentation. Current seismic
prov151ons are based on Callform.a seismic conditions and building -
practices. The natlonw:Lde representation in development of thé new

criteria assures consideration of all types of construction and degrees
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of seismic risk. This nationwide involvement of building regulatory
officials and designers will promote more rapid adoption in State and

local building codes.

The new seismic design criteria differ in scope.from past code provisions,:
since they include non-structural, as well as‘structural, aspects of

the building. During earthquakes, maﬁy people are killed or seriously
injured from improper designs of such non-structural elements as bookcases,
internal partitions, and light fixtures. The inclusion of these non- |
structural elements makes the proposed design criteria much more

comprehensive.

These seismic design: criteria have been reviewed:by over 400 professionals, -
trade associations, and regulatory officials. 'We plan to release the

final provisions. early in 1977.

In this NBS/NSF program on seismic design criteria and in all disaster
mitigation activities, implementation is the key to success.: Research.
which is not used provides few benefits. Likewise, developing improved
buildj.ng practices without planning their implementation serves. no-one.
Too often, practicing engineers are left to synthesize the research

results and develol; improved building practices on their own. This gap
between research and use has long been evident to both practitioners

and researchers.
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Using NBS research, Fedéral‘/ agencies have ‘worked to close this gap.

Based on our prior work on.disaster mitigation, NBS, for the Defense

Civil Preparedness Agency' (DCPA), developed a procedure to evaluate the
safety of existing buildings from wind and seismic forces: This procedure
provides an economical ’épproach to evaiuate rapidly :all buildings in a
city or sbecific’buildings suC}; as hospitals, fire stations and other B
emergency facilities. The DCPA-and’ design -brofessionals are using ‘these
procedures. = The General:'Services Administration (GSA) also is employing. -
NBS procedures to: develop surveys for evaluating buildings in response

to Section 401 of P.L. 93-288 which requires ‘Federal‘ agencies to evaluate
the natural hazards to which their facilities are exposed and take

appropriate action to mitigate these hazards.

Following ‘the San Fernando earthquake of 1971, the Veterans. Administration
(VA) began a comprehensive program to identify and strengthen hazardous
hospitals in seismic zones. At their request, we developed procedures
based on our laboratory research, for measuring the strength of masonry
walls in‘existing buildings. These procedures are being used by the VA

in their requiremeﬁts for earthquake resistant design of hospital

facilities.

A number of other NBS programs support earthquake hazard reduction.

We serve as a liéison member to the U.S. Geological Survey's Earthquake
Studies Advisory Panel which examines earthquake pfediction and other
earthquake prd’gréms. - We use the USGS findings" on ‘seivsmic risk in our
‘research and identify for USGS thé‘geolo'gical ‘research needed by the

building community.

76-649 O - 76 - 6
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We also work with a variety of national and international groups- concerned
with earthquake hazards. - One of the CBT staff serves as the U.S. Chairman

of the U.S.-Japan Panel on Wind and Seismic Effects which supports cobper,ati\(e
research programs and exchanges information on. these two. natural hazards.
Presently, I serve as the Chairman of the Earthquake Engineering Research
Institute (EERI) Committee on Research Needs.’ We Jhave identified eight
topics as candidates for high research priority which are: 1) development

of standard procedures for setting site‘specific design conditions,

2) development of standard proced;xres for the evaluation, strengthening,

and repair of existing facilities, 3) .development of procedures for
definition of acceptable levels of risk for new and existing facilities,

4) development and implementation of procedures for defining, predicting,

and documenting the strong motions arising from earthquakes, 5) development
of standard procedures for interpretation of strong motion records for

design purposes, 6) defining the effects of earthquake prediction-on
engineering practices, 7) development of design standards for industrial
structures, that is, facilities and equipment other than buildings, and

8) development of methods and procedures for design and regulation, and materials
for programs of professional education. These interactions aésist us in
developing our own research and in providing technical support for other

Federal agencies.

Needs for Earthquake Hazard Reduction

The need for earthquake hazard reduction is well documented by the history

of past earthquakes and the projected effects of future earthquakes in
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many parts of the éom'try. Normally, we.think of four waysi to réduéé,

‘the potential earthquake hazard: 1) induced reduction of the ea}thquake
intensity, 2) evacuation of the area, 3) avoidance of the hazard. by not
using the area, i.e., land use control, and 4) prevention of the damage
by improved building practices.  All four of these solutions have their

limitations.

Physically reducing the potential force of the earthquakef, by such
methods as pumping water into the ground,-is a possible solution to
reducing damage. However, such procedures are still in the research

stage.

Evacuating threatened areas can achieve hazard reduction if predictions
~are certain and give adequate time. However, disruption of normal

activities and adverse economic' conseduences are still a problem.

Land use control practiceés can reduce hazards of faulting, “mstable
earth, flooding Beloﬁ,dams and tsunamis. For some of 1;hese 'earthq@ke
hazards, such as faulting, this approach is the most economical, but
often people are reluctant to cease building in ;)thérwisé desirable

areas even if there is high seismic risk.

Earthquake resistant building practices are the most effective ‘approach
to minimizing earthquake damages from ground shaking which causes over
90 percent of the damages, Even if an earthquake is predic¢ted and ‘the

residents have evacuated the area, we still need to reduce the damage to
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buildings and other facilities. Obviously, if there has been no advance
warning and no evacuation, the need for safe buildings is critical. For
simplicitf, I will confine the following discussion to buildings but the

same concepts apply to other facilities.

To ‘reduce the earthquake hazard, we must kiow how buildings are used,
what earthquake environment is likely, and how buildings perform during
an earthquake. We know from our field investigations that buildings can
be built economically to resist earthquake effects, but there is still
need to reduce the high cost of ideritifying and correcting hazardous:

bujldings and making new seismically safe construction more cost effective.

Experiencé shows that.the greatest earthquake hazard results from unsafe
existing buildings. Buildings not constructed in accord with adequate
seismic design provisions should be evaluated to determine whether they
are unduly hazardous. Such buildings should be strengthened or replaced.
The procedure for evaluating existing buildings developed for VA and
DCPA are steps toward these goals. Improved technologies are needed

to make the hazard identification and strengthening procedures more
economical. Oné approach that deserves study is the removal of financial

barriers for abating hazardous buildings to speed hazard reduction.

New construction should not add to the earthquake hazard. Seismic
design criteria providing appropriate resistance should be incorporated
in building regulations and enforced. The seismic design criteria we

are developihg with NSF address this need.




81
13

In summary, any effective program for reducing earthquake losses must
include research on building performance and the development and
implementation of improved building practices. -The‘nation’s feseafch
base includes chéi{aicterizati‘on of eéfthquaké hazatds by USGS>and the
basic résearch funded by NSF.! The NBSis prepared to carry out the -
additional research ‘to.develop performance criteria*aﬁ& test methods
for evaluating how well buildings and their components would performi
The integration of all this research with our continuing work with
design professionals, industry, organized labor, builders, code and
stand&rds-v)riting groups, ‘Federal >agericiés, and ‘the ‘State and ‘local
building regulatory. agenicies would facilitate the development and

implementation ‘of . improved building practices.

Public policy should encourage the ‘building commmities to use’ effective
earthquake hazard reduction practices. Authority exists in most areas
under State ‘or. local building codes. However, up-to-date earthquake
design standards must be included in codes by the State or local govermments,
designers must learn to:apply these standards in design, builders must
follow approved details in construction, and vregulatory aﬁth&rities must
check plans and ‘inspect construction. The model gode organization of
building officials, the National Conference of States on Building Codes
and Standards, the nev)ly-fomed Nét'iopal‘ Institute of Builciing Scienées,
and the professidnial societies of architects and engineers provide™

' appropriate mechanisms ‘for -achieving this implementatién of earthquake

resistaht building practices.
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Summary

NBS and the Administfation agree with the goal of earthquake hazard
reduction--saving lives and avoiding serious economic losses. Part

of this goal can be met by a vigorous ‘implementation of improved
building praétices. Seismological, engineering and social research can
be cost effective in i.nq)rdvin,g the reliability and economy of these
practices. These implementation and research activities require
cooperative -and well coordinated activities of Federal agencies, State

and-local governments, professional groups, and the. private sector.

The research and technical service capabilities of NBS have contributed
to the development and implementation of current building practices and -
“can aid in their improvement.  We expect to continue working with
Federal building and research agencies, university researchers,

design professioﬁs, building regulatory agencies, and standards-writing

organizations in the common effort to achieve earthquake hazard reduction.

As Dr. Stever and others have indicated, the Federal agencies already
have sufficient legislative authority to undertake research and are
working on a program plan that ca.n‘ be used to make budgetary decisions.
With regard. to mechanisms for coordination, I have discussed some aspects

of this coordination that now exist. Dr. Stever has mentioned that the
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Administration is: sctutiriizing”this subject ‘to see ‘if ‘a hew coordinating
body is needed and whether any additional legislative authority shouild '
be proposed by the Administration. In this respect, NBS will be working

actively with Dr. Stever.

We appreciate. the oprrttmity to appear before-you, and I will endeavor

to answer any questions you may have.
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INTERACTIONS WITH BUILDING COMMUNITY

Federal Agency Research at NBS

Since 1901, NBS has provided a focal point for transferring building technology
and measurement systems to Federal agencies with building-related programs.

NBS als6 has conducted research for mmerous Federal agencies.., Currently, .
NBS has memorandums of understanding with the Department of Housing and Urban
Development, the Energy Research and Development Administration, the Federal
Energy Administration, the Occupational Safety and Health Administration, and
the National Parks Service and. interagency. agreements with many others.

is the only Federal laboratory with a comprehensive building research program.

Federal and Industry Workshops and Conferences

In 1969, the Office of Management and-Budget requested that NBS tramsfer
informatiofi on building standards, criteria, and test methods to the other
Federal agencies. In response, NBS conducts monthly and -special workshops
which are attended by architects, engineers, and building experts., In
cooperation with various industries, NBS also hosts da number of other workshops
and conferences. .

National Academy of Sciences/National Bureau of Standards Technical Evaluation
Panels - -

NBS has formed technical evaluation panels for each of its major programs.
These panels review and make recommendations for existing and new technical
programs. Top technical people from each major field of technology serve
on these panels.

Department of Commerce's Building Technology Advisory Committee

This advisory committee advises the Department of Commerce on matters relating
to the Nation's needs in building research and technology. The committee
provides policy guidance and a forum for discussion by experts on the complex
building commmity and its diverse interests.  Representatives from all segments
of the building community also serve on the advisory committee.

National Conference of States on Building Codes and Standards and Model
Building Codes Groups

Due to the multiplicity of jurisdictional authorities, the States in 1967 formed
the National Conference of States on Building Codes and Standards to improve
jntra- and inter-State compatibility among the Nation's building regulatory
jurisdictions. The Conference provides a national forum for the State and local
governments, industry, and other interested parties.to discuss issues bearing
on building regulations, to identify current problems, and to use national
resources for the development of solutions. NBS provides technical assistance

and the administrative secretariat for the Conference.

At the request of the Conference, NBS performs research on building fegulatory

: procedures including building laboratory accreditation, uniform procedures for

building evaluation, methods for the efficient formulation and expression of
building standards and codes, and implementation aids for perfomance-oriented
building standards, Such functions also are provided to model code organizations
of local building officials and the newly-formed organization for building
officials of the 30 largest cities.
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6) Comnittées of Ameérican National Standards Institute (ANSI), American Society
for Testing and Materials (ASIM), American Sociéty for Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE), Etc.

NBS supports the national voluntary consensus standards process. through more

than 200 memberships on committees which promulgate building standards. NBS

provides technical inputs from research to the committees and responds to-the
. “priority neéds for building standards of ANSI.

7) Postdoctoral Program”fand Intergovernmental Personnel Act

In coaperaﬁon with the‘National -Research Council’ of the National Academy of
Sciences, NBS- established an.ongoing postdoctoral program 0 prov1de awards
to sc1entlsts for basic and applied.research.

Under the Intergovernmental Personnel Act of 1970 (P.L. 91-648), NBS has
sponsored a number of university faculty and graduate students to do research
at NBS. ~ Some local and State government personnel also have participated in
this program.

8) Research Associate Program

Under this program, industry persomnel work at NBS laboratory facilities on
joint research which is of mutual interest. . This research is both long and
short range and enables NBS and industry to identify further research needs.
All research findings are available to the public. .

9) Occupaticnal Safety and Health Administration (OSHA), National Institute for

Y.
Federal Power Commission (FPC) , and Justlce Department

In recent years, Congress has established new Federal regulatory programs
which mandate certain building requirements. These Federal programs have
set new demands on the design, construction and operation of buildings and
" have placed further responsibilities on the local building code officials.
Through liaison ‘and research programs for these agencies, NBS provides a
technical focal point for those who must implement new Federal regulations.

10) -NBS' Center for Fire Research and Center for Consumer Product Technology

These two new technical centers provide research _progranms on fire safety and
life safety for the consumer. Research results in these areas have strong
<impact oncodes ‘and standards.

11) Intemat:l.onal Standards United- States Camllttee, RILEM and Cooperatlve
Research

‘With mcreased international business 1nteract10ns and corporatlons strong -
’participation in interniational stendards is essential. Joint cooperative

and complementary research with other foreign government research orgarizations
- provides more comprehensive reséarch, avoids dupllcatlon and permts

sharing of facilities and technical staff.

©12)  American Institute of Architects (ATA)-NBS Architect-in- Re51dence Program
" ..and Membership in all Professional Societies

A strong- relationship is maintained with all professional groups within'the
design community. ..The AIA/NBS architect-in-residence prograir-places an
* architect from an architectural/engineering f£imm for one yéar at ‘NBS: This
program encourages NBS:research with the architéctural profession and informs
NBS of the: research needs of this profession.
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Clarification of Terminology: Codes, Standards, Guidelines and

Performance and Prescriptive Theory

Building regulatory terminology, particularly codes, standards, guidelines
and performance and prescriptive theory, is often misinterpreted since no
authoritative definitions have been developed. These terms are frequently
used in different contexts. Diverse interpretations of these terms creates
a misunderstanding of how they are ultimately used in building regulations.
The terms: code, standard, guideline, performance and prescription, as well
as other terms, are.used to describe legal documents, inputs in legal
documents, and approaches (or philosophies) used in developing -the inputs
for legal documents. The following outline may be useful in clarifying

the use of these terms. :

I. Description of Legal Documents includes the terms:

A. Building Code
B. Federal Regulation

II.. Description of documents used as inputs in legal documents:

A. - Model Building Codes
B. Standards

III. Terms used to describe approaches (or philosophiés):

A, .Performance
B. Prescription

IV. Other Terms
A.  Guidelines

B. Condition of Participation

I. .Terms used to describe legal documents:

Building specifications are regulated by States or local jurisdictions to
provide for the health and safety of the community. Every designer and
builder must meet the minimum requirements contained: in the State or local
" govéernment's building code. The term building code, as used in this
discussion, pertains to the total set of legal requirements for.the entire
building. Many jurisdictions do have codes which pertain to only portions
of the building, i.e., fire code. Building code requirements are legally
binding by their incorporation in city ordinances or by other legal actions.
An average building code contains approximately 450 standards,.through
reference, through incorporation in the test, or through modification
and incorporation.
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Although building regulation is primarily a State respons1b111ty, Congress
can, -and has in the past, establish Federal building-related regulations.
For example, the Occupational Safety and Health Act of 1970 establishes
Federal regulations for:'safety in the workplace, including certain
building regulations. - The minimum legal requirements, in this case
established by the Secretary of Labor, would be Federal regulations.

These ‘Federal regulations, like building codes, would also utilize -
standards (usudlly the same standards. as:those used in codes and serve as .
legally. enforceable documents which establish minimum requirements for the
buildings under their jurisdiction.) -As will be discussed in subsequent
sections, either prescriptive or performance standards can be used in .~
writing these documents.

II. Terms used to describe inputs in legal documents:

Building codes and Federal regulations are large documents which are
extremely technical. Usually, they are developed over a long period of-time,
utilizing the work of many organizations and individuals. The work of these
organizations and individuals goes into the development of model building
codes and standards that become the basis or inputs for builj 1ng codes and
Federal regulations.

A model building code is-a comprehensive document of minimum requirements:
which has no legal basis. - However, many. jurisdictions adopt these

model bu11d1ng codes in entirety and thus, for their jurisdiction, make.these
minimum requirements 1egally binding. Other jurisdictions adopt these.’

- model building codes with'minor changes based on ‘their local needs. ~Some
jurisdictions, most notably the large cities, -do not. use these model building
codes at-all. Like legally enforceable building codes, model building codes
reference approximately 450 standards. Model building codes are developed
by private organizations,-such as the International Conference of Building
Officials (Uniform Building Code), Southern Building Code Congress
International (Southern Standard Building Code), and the Building 0ff1c1als
and Code Administrators International (Basic Building Codé).

A standard describes a technical document issued by an:approved standards-
generating organization that establishes a uniform procedure, method: or
convention. Virtually all standards-generating organizations are private
organizations. - These organizations:include the National Fire Protection
Association (NFPA), American Society of Civil Engineers (ASCE), American
Society for Testing and Materials (ASTM), -and others. Approval of the
standards developed by these: organizations: comes from-the American National
Standards Institute (ANSI), also a private organization; based on the
standards adherence to published rules on standards development. Federal
agencies. are rarely authorized. to promulgate standards by Congress.. -An
.exception.would be NBS' authority to promilgate the standards of basic
measurement.  Unlike’ bu11d1ng codes;- standards. are not comprehen51ve and
only relate to a narrow portlon of: the total bulldmg.
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The term, standard, is not without its ambiguities. A standard can relate
to a test method, a design procedure, a building product, or some other
facet of the total building industry. Also, standards are used for
different purposes.. For example, there is a need to standardize test methods
so building researchers can compare their results; there.is a need to
standardize the number and type of building products available so that

one part of an industry can procure these products from another; there

is a need to standardize definitions so that technical communications

will be facilitated. This discussion. focuses on those standards which
are either promulgated by an approved standards-generating organization,
or are used in building regulation, either through building codes or
Federal regulations. These standards may be either prescriptive or
performance based and are developed from building research and expert
opinion. .

III. Terms used to describe approaches (or philosophies) used in developing
the inputs for legal documents: .

The two terms used- to.describe approaches (or philosophies) in developing
the inputs for these standards and model code documents, are presciription
. (or prescriptive) and performance. .

Prescriptive is a term used as a prefix to standard, building codes, and
Federal regulations to describe the contents of thosg documents. The
prescriptive approach dictates the manufacturer's models, engineering types,
dimensions, materials or other terms which are allowable. For example, the
statement, a wall shall have six inches of type R-21 insulation is a prescrip-
tive requirement that may be contained in-a prescriptive standard or in a
prescriptive building code.. Generally, it is recognized that prescriptive
statements, like the illustrated onme, are not adequate since (1) the user
(the building occupant and/or owner) is not particularly interested in

what type of insulation or in how much is used (i.e., the means) but rather
is interested in saving enmergy or money (the end objective); (2) such
statements, when adopted in legal documents, effectively prohibit the use

of alternative solutions that may be more effective but are not specifically
mentioned; and (3) such statements are not effective over large geographical
areas (i.e., Minneapolis vs. Miami).

performance is also a term used as a prefix to standards, building codes
and Federal regulations to describe the contents of those documents. The
performance approach describes -allowable end goals. A performance standard
might read: a building of a particular size and a-particular use should
utilize x BTU's per year. This statement is essentially an end objective
and does not specify the means which the desigmer, builder or homeowner
must use to.achieve the end objective. :

There are degrees to which a document contains prescriptive statements or
performance statements,  For example, the American Society for Heating,
Refrigerating, and Air-Conditioning Engineers has developed an energy
standard, ASHRAE Standard 90-75, which is generally considered a performance
document rather than a prescriptive document, but.it is not as totally
performance-oriented as a BIU energy approach would be. With respect to
building codes, it‘also should be recognized that these codes contain
thousands of requirements; some of which are performance and some of which
are prescriptive.
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IV. Other related terms:

Guidelines suggest a variety of opportunltles without specifying any required .
minimum level of performance. That is, guidelines provide some helpful recom-
mendations of specific (or prescriptive) solutions, but they are not legally -
enforceable minimum requirements. Guidelines is not'a term used to describe

a legal document (such as building codes or Federal regulations). .However,
one might want guidelines to inform the building designer about which design
solution may (or may not) meet the applicable building code or Federal
regulation. Such guidelines could be developed by any individual or
organization and commercially marketed as a text book. To assist in meeting
OSHA safety requirements, private organizations have developed guidelines for
business. In this sense, guidelines are helpful suggestions on design solutions
that the author feels may meet the building code or Federal regulation. The
user of these guidelines could choose to disregard the guidelines' ‘advice but
could not choose to disregard building codes or Federal regulations.

B B \ .
We could also say that the term, guidelines, is not used to describe inputs
in legal documents, as model codes and standards are used. However,
guidelines could be developed, again by any individual or organization, to
provide helpful information for any interested designer. Again, they could
be disregarded. By definition, guidelines could not.be standards since
the substance is different; that is, guidelines relate to the suggestion of
building alternatives that could be deemed acceptable. = If they were developed
and promulgated as a standard, they would cease being guidelines and become
standards. If adopted by a 1ega1 jurisdiction, they then would become
prescriptive building requirements.

Conditions of Participation: In some cases, when Congress.authorizes
financial assistance to private individuals, organizations, corporations,
or States or local agencies, it places stipulations on receiving these }
finances. Congress has required minimum conditions of participation by the
recipient. In the building area, examples of this minimum:condition of
participation would include HUD's FHA Minimum Property Standards or.

HEW's Hill-Burton Minimum' Requirements,
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STATEMENT OF DR. RICHARD N. WRIGHT, DIRECTOR, CENTER FOR
BUILDING TECHNOLOGY, NBS, ACCOMPANIED BY SAMUEL
KRAMER, DEPUTY DIRECTOR : :

Dr. Wricar, Mr. Chairman, members of the committee, thank you
for this opportunity to testify before your committee today. It 1s a
pleasure for me to comment on this important legislation and to
describe the National Bureau of Standards’ disaster mitigation
program. S

Since you, Dr. Stever and the other witnesses have discussed the
potential impact of future earthquakes, I will not repeat that portion
of the testimony. In view of the time available, I will highlight the
other portions of my statment. If you wonder where I am during my
discussion, I will be happy to call out the page. I will begin at the
middle of page 3. :

The National Bureau of Standards’ Institute for Applied Tech-
nology houses the largest and most comprehensive building research
laboratory in the United States. Its Center for Building Technology
(CBT) which has a staff of 240 and an annual budget of $12 million,
provides the focal point for the NBS disaster mitigation program.
Other NBS units also contribute to technology for reducing the earth-
quake hazard.

The Center provides technical information, measurement methods
and criteria for improving the usefulness, safety and economy of
buildings. Our research focuses on the performance concept which
leads to the development of criteria and test methods that give build-
ings designers, manufacturers, and contractors maximum epportu-
nity for innovation. For example, we developed criteria for solar heat-
ing and cooling systems called for in Public Law 93-409, the Solar
Heating and Cooling Demonstration Act, which has been strongly
supported by this committee. We are now assisting the Department of
Housing and Urban Development (HUD) and the Energy Research
and Development Administration (ERDA) in the planning and eval-
uation of the solar demonstration. This is representative of our role
as a laboratory resource for the more than 30 Federal agencies with
building programs.

Our staff includes architects, engineers, physical scientists, psycholo-
gists, economists, and other specialists from over 80 disciplines. Our
interdisciplinary approach considers how buildings should perform to
meet building occupants’ needs. To accomplish this task, we work
closely with all elements of the building community: design profes-
sions, builders, organized labor, building regulatory authorities of
State and local governments, researchers in universities, national:
standards writing bodies, building user organizations, and Federal
agencies. With your permission, Mr. Chairman, T would like to intro-
duce for the record two background papers delineating our interac-
tions with these groups of the building community and terminology
for codes and standards.

We have participated in postdisaster investigations in San Fern-
ando, Calif., in 1971; Managua, Nicaragua in 1972; Guatemala in 1976;
and recently in Italy.

We apply the knowledge gained from these investigations to develop
improved building practices. We assisted Nicaraguan authorities in
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evaluating damaged buildings and in upgrading their building regu-
latory system. Following the San Fernando earthquake, our assess-
ment of earthquake damage to residences was used by field investiga-
tors of the Small Business Administration to validate Federal loans.
We also testified before the House Committee on Public Works at a
field: hearing in California on February 23, 1971, and discussed the
damage to the San Fernando area. We accompanied that committee
in its own inspection of earthquake damage to help them assess the
need for-disaster relief and subsequent legislation. The San Fernando
earthquake of 1971 showed the need for a balanced approach to earth-
quake mitigation. , : : :

The National Science Foundation (NSF), NBS, Department of
Housing and Urban Development (HUD), and OEP planned a
cooperative Federal program on building practices for disaster mitiga-
tion in 1972. With sponsorship from NSF and NBS, the NBS con-
ducted a workshop for experts in the building community including
architects and engineers; building code officials, standards writers,
and planners, to develop a national plan for disaster mitigation
activities. ‘ o

The workshop participants synthesized current knowledge on build-
ing practices for insuring the safety of building occupants in new and
existing buildings. They made recommendations to four audiences: (1)
policymakers in Federal, State and local governments, for guidance
on disaster mitigation, laws, regulations, policies, and programs; (2)
practitioners, such as architects, engineers, and building contractors.
for guidance on the best current practices to be used in making deci-
sions about building construction that have to be made every day;
(8) standards writers -and those responsible for developing recom-
mended practices, such as building code officials, for gmidance on
needs for new knowledge.

Exactly as recommended by Mr. Goldwater, this plan and the
proposed recommendations to users in the building community, as
* presented in the NBS document, “Building Practices for Disaster
Mitigation” (Building Science Series 46), provided anintegrated
~ approach to disaster mitigation through research and implementation
~of improved building practices. One workshop recommendation was
to update the seismie design provisions of building codes. The last
major revision to these provisions occurred in the 1950’s. Since that

~ time, there have been significant advances in knowledge. Based on the

workshop recommendation, the National Bureau of Standards spon-
sored by the National Science Foundation and NBS, initiated a 3-year
$1.3 million program to develop improved. seismic design criteria
which could be used nationwide in new buildings and in the rehabili-
tation of existing buildings. We have used the Applied Technology
Council of the Structural Engineers Association OF California as a
principal resources inthis program. - , :
We are working very closely with the private sector, the trade asso-
ciations, the State and local building regulatory officials and the con-
cerned Federal agencies in the development of seismic design criteria.
In this NBS/NSF program on seismic design criteria and in all
disaster mitigation activities, implementation is the key to success.
Research which is not used provides few benefits, Likewise, developing .
improved.-building practices without planning their implementation
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serves no one. Too often, practicing engineers are left to synthesize
the research results and develop improved building practices on their
own. This gap between research and use has long been evident to
both practitioners and researchers. :

Time does not permit me to read fully the prepared testimony
outlining our-efforts to close this gap, but I have offered representative
reports on this subject to this committee.

The need for earthquake hazard reduction is well documented by
the history of past earthquakes and the projected effects of future
earthquakes in many parts of the country. Normally, we think of four
ways to reduce the potential earthquake hazard: (1) Induced reduc-
tion of the earthquake intensity, (2) evacuation of the area, (3)
avoidance of the hazard by not using the area, that is, land use control,
and (4) prevention of the damage by improved building practices.
All four of these solutions have their limitations.

Physically reducing the potential force of the earthquake, by such
methods as pumping water into the ground, is a possible solution to
reducing ‘damage. However, such procedures are still in the research
stage. v

vacuating threatened areas can achieve hazard reduction if predic-
tions are certain and given adequate time. However, disruption of
normal activities and adverse economic consequences are still a
problem.

Land use control practices can reduce hazards of faulting, unstable
earth, flooding below dams and tsunamis. For some of these earth-
quake hazards, such as faulting, this approach is the most economical,
but often people are reluctant to cease building in otherwise desirable
‘areas even if there is high seismic risk. :

Earthquake-resistant building practices are the most effective ap-
proach to minimizing earthquake damages from ground shaking
which causes over 90 percent of the damages. Even if an earthquake
is predicted and the residents have evacuated the area, we still need
to reduce the damage to buildings and other facilities. Obviously, if
there has been no advance warning and no evacuation, the need for
safe buildings is critical. For simplicity, I will confine the following
discussion to buildings, but the same concepts apply to other facilities.

To reduce the earthquake hazard, we must know how buildings are
used, what earthquake environment is likely, and how buildings per-
form during an earthquake. We know from our field investigations
that buildings can be built economically to resist earthquake effects,
but there is still need to reduce the high cost of identifying and cor-
recting hazardous existing buildings and to make new seismically
safe construction more cost effective.

Experience shows that the greatest earthquake hazard results from
unsafe existing buildings. Buildings not constructed in accord with
adequate seismic design provisions should be evaluated to determine
whether they are unduly hazardous. Such buildings should: be
strengthened or replaced. The procedure for evaluating existing build-
ings developed for Veterans Administration and Defense Civil
Preparedness  Agency are steps toward these goals. Improved tech-
nologies are needed to make the hazard identification and strengthen -
ing procedures more economical. One approach that deserves study i3
the removal of financial barriers for abating unsafe buildings to speed
hazard reduction.
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New construction should not add to the earthauake hazard Seismic
design criteria -providing “appropriate resistance’ fshould be incorpo-
rated in building regulations and enforced. The seismic demgn criteria
we are developing with NSF address this need;.

In symmary, any effective program for reducing earthquake losses
must include research on building performance and the development
and implementation of improved building practices, The Nation’s re-
search base includes characterization of earthquake hazards by USGS
and the basic research funded by NSF. The NBS is prepared to carry
out the additional research to develop performance criteria and test
methods for evaluating how well buildings and their components per-
form, The integration of all this research with our- continuing work
with design professionals, industry, orgamzed labor, builders, codes,
and standards-writing groups, Federal agencies, and the State and
local building regulatory agencies, would facilitate the development
and implementation of improved building practices. ,

Public policy should encourage the building communities to use
effective earthquake hazard reduction practlces Authority exists in
most areas unger State or local building codes. However, up-to-date
earthquake design standards must be included in codes by the State
or local governments, designers must learn toapply these standards in
design, builders must follow approved details in construction, and
regulatory authorities must check plans and inspect construetion. The
model code organization of building officials, the National Conference
of States on Building Codes and Standards, the newly formed Na-
tional Institute of Building Sciences, and the professmnal societies
of architects and engineers provide appropriate mechanisms for
achieving this implementation of earthquakehremstam bu11d1ng prac-

_tices.
~As Dr. Stever and others have indicated thls morning, the Federal
“agencies already have sufficient legislative authority to undertake re-
search and are working on a program plan that can be used to make
budgetary decisions. With regard to mechanisms for coordination, 1
have discussed some aspects of this coordination that now -exist. Dr.
Stever has mentioned that the administration is scrutinizing this sub-
ject.to see if a new coordinating body is needed and whether any ad-
ditienal legislative authority should be proposed by the admimstra-
tion. In this respect, NBS will be working actively with Dr. Stever.

We_ appreciate the opportunity to appear before you, and ‘I will
endeavor to answer any questions you may have. .

Mr. Brown. Mr. Goldwater ?

Mr. GorpwaTer. Mr. Wright, how long have you been with the
National Bureau of Standards?

Dr. WricaT. I have been in my present appomtment for 2 years.

Mz Gorowater. Previous to that ¢

Dr. Wrienr. Prior to that I was with the National Bureau of
Standards for 2 additional years, in interrupted service. I have worked
in structural design for dynamic loads since. 1955 in the U.S. Army :
and at the University of Illinois.

Mr. GoLowater. During the 1971 earthquake in the San Fernando
Valley many of the freeway overpasses fell, collapsed. In fact, one fell
on a-trueck and I think it flattened it out £o less than 2 inches. What
lhas changed as a result of that experience due to the National Bureau
of Standards’ efforts in the design of freeway overpasses specifically

“r‘
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Dr. WrienT. Due to the center’s mission, we have not been active
in research on transportation structures. The Federal Highway Ad-
ministration has an active research and laboratory program. However,
I am aware of their research and the work that the National Science

~Foundation has sponsored at the universities. To avoid repetition of

that very unfortunate event you mentioned, they have changed the
highway design criteria to allow more space for bridge movements
during an earthquake and to improve connections to piers.

Mr. Gorbwater. So the National Bureau of ‘Standards is not
involved in transportdtion. ' :

Dr. Wrigar. We have not been involved in earthquake reduction
research for transportation structures or in the development of their
standards. ’ g

Mr. GoLowATER. But you are involved with houges. S

Dr. WrieaT. Yes; we do work on housing and building structures.

Mr. GorpwaTer. As I recall, the railroads were twisted like
spaghetti. ‘

- Dr. WrrerT. Yes.

Mr. GoLowaTer. In the area of buildings has any change really re-
sulted due to your work? Have you noticed any application of stand-
ards at which you arrived? ‘

Dr. Wrient. We have made contributions, through work for the
Department of Housing and Urban Development, in updating the
minimum_ property standards. These standards indeed do affect the
way buildings are constructed throughout the United States. -

Mr. Gorpwater. You were deeply involved in the San Fernando
Valley earthquake and post evaluation ¢ '

Dr. WricHT. Yes. " . v

Mr. Gorpwater. I assume you followed it up with further research
and inspection of the various buildings and structures. Were you in-
volved at all in making recommendations for upgrading of codes?

Dr. WrigaT. Yes, we have, as T noted in my testimony, been very
active in a program for updating seismic standards.

Mr. Gopwater. This Building Science Series 46, Practices for Dis-
aster Mitigation, provides an integrated approach to disaster mitiga-
tion, research, and implementation of improved building practices.
That’s a lot of words. What does it really mean and what is
happening?

Dr. WrrenT. That document, sir, was the result of a detailed study
of natural hazards by experts from the National Bureau of Stand-
ards and from many other institutions in the country. Following this
evaluation of the current state of practice and research knowledge, the
representatives of the workshop developed a large number of
recommendations.

Some of these recommendations have been implemented, and others
have greatly influenced the research programs at the National Bureau
of Standards and elsewhere. However, not all of the recommendations
inthat document have yet been carried out.

Mr. GoLowaTER. et me understand. In this earthquake business
we have the public Law 93-288, the Disaster Relief Act of 1974, giv-
ing authority to the National Science Foundation and USGS to
look into earthquake prediction and warning. Were you likewise given
authority from HUD? Is that how you got your authority ?

.
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D1 WRIGHT Whlle we have no specific mandate for earthquake
research activities under that legislation, we do have broad authority
for building under the NBS Organic Act. We do work with HUD,
the National Science Foundation and a number of other Federal agen-
cies on research and technology transfer programs aimed at reducing
disaster hazards including earthquakes.

. Mr. GorpwaTer. Do you belong to any mtemgency coordmatmo
committee ?
Dr. WricHT. Yes, we are-an active partlclpant in the 1nteragency
task force of the National Science Foundation. , :

‘Mr. GoLpwaTER. Specifically concerning earthquakes? '

Dr. Wrieat. We are not working solely on earthquakes. We are
active in wind hazards, and we have done some work on flood hazards.

Mr. GoLpwater. Do you feel there is adequate coordination for this
whole area of earthquakes from your standpoint ¢ Do you feel as if you
are working in a vacuum, or do you feel you are makln% a significant
contribution as a part of a total effort? Or do you fee we could do
maybe a little better job.

Dr. WricaT. There are very strong coordinating activities and we
feel that we have been an effective participant in many of them. I
have a personal feeling that the attention which has been focused on
research has been appropnate There also is need for much stronger
attention to developing improved building practices from the research
knowledge and seeing that they are prepared in a useable form and
delivered to the users in the private sector and to State and local
governments. The NBS document recommends a number of these
activities which would lead to the development and effective imple-
mentation of improved building practices.

Mr. GorpwaTer. How much money does the National Bureau spend
in the area of earthquake research standardization ¢

Dr. Wrienr. If you focus on the work we are conductlng in our
own la,boratomes apart from the work we are doing with many par-
ticipants in_the building community in developing revised seismic
design provisions NBS is currently spending apprommately $300,000.
VVe will furnish exact figures for the record. .

Mr. GoLpwAter. I assume you are going to spend $1. 3 million on the
seismic criteria?

Dr. WrignrT. About $1 3 million is belng spcnt on the development
of seismic design criteria ¢

“Mr: GoLpwATER. By the National Science Foundation ?

Dr. Wrignr. The National Science Foundation and the Natlonal
Bureau of Standards are supporting this program.

Mr. GOLDWATER. Are you putting up any of the money ¢

Dr. WrieaT. Over 8 years, we are contributing about $300, OOO

~Mr. Gopwartger. Thank you, Mr. Chairman.

‘Mr. Broww. Dr. Wright, T am interested in the amount of research
being done on structures from the standpoint of ea,rthquake resistance
in other agencies. For example, I presume there i is work being done
in ERDA and the Nuclear regulatory Commission in connection with
design standards for nuclear powerplants including standards of
earthquake resistance; is that right ¢

Dr. Wricnr. Yes, the work lone originally by the Atomic Energy
Commlsqlon and continued by the Nuclear Regulatory Commlssmn
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hasled in the development of improved earthquake resistant practices.
They were studying the problem well before the San Fernando earth-
quake. The technical approaches being developed for general building
use relate closely to those developed for nuclear reactors.

Of course, nuclear reactors are a special type of building so con-
siderable technical modification is required in the adaptation of these
practices to housing and office buildings. :

Mr. Brown. Can some of the design criteria, say, having to do with
the anticipated severity of the earthquake and the resultant earth
movements be transformed over to other structures after being devel-
oped by the Nuclear Regulatory Commission ¢

Dr. WrieaT. The fundamental knowledge most definitely can be
transferred. However, the acceptable risk of failure is a function of
the consequences of failure so the acceptable risks for nuclear reactors,
of course, are much smaller than they are for conventional buildings.
There is a substantial amount of additional work to be done to develop
this technology in a usable form for adoption in conventional build-
ing practices, but the underlying scientific and technical knowledge
is being used. )

Mr. Brown. What about the work being done within the Defense
Department for the hardening of missile sites and things of that sort?

Dr. Wrienar. This work is also usable. The work which has been
done for the Department of Defense, some in which I participated,
has done a great deal to increase our understanding of the behavior
of structures under extreme loads. ,

This knowledge is being used in the improvement of our design
practices for earthquakes, winds, and other natural disasters.

Mr. Brown. Can you give me some indication of the cost effective-
ness of earthquake designs which would be suitable to a layman?
I am thinking basically of what is the additional cost to design for
reasonable earthquake hazards and the degree to which that cost is
perhaps reflected in longer life of the building or greater safety from
other standpoints as well as the earthquake standpoint, so that I can
get a general understanding of the economics of an adequate earth-
quake safety design program. o

Dr. Wrierr. The problem you mention is really an easier one. If
you begin with an architectural layout and structural scheme which
is conducive to good earthquake resistance. The additional cost for
achieving such resistance is relatively small, usually less than 5 per-
cent of the structural cost of the building. However, making existing
buildings seismically safe is much more severe because it is harder to
change existing structures than it is to revise plans on the drawing
board. The cost of making existing buildings seismically safe can be
extremely high. We need more research in this area. We do not know
enough about the way some older types of buildings behave and what
types of strengthening procedures are the most effective.

Mr. Brown. I presume a rational program would focus on establish-
ing adequate standards for new buildings and then *as a second
priority, those existing buildings which for one reason or another
would have the highest priority such as schools, hospitals and things
of that sort. Would that be the logical way to go about this program ?

Dr. WrieaT. This is certainly the procedure which has been taken
in the State of California where seismic design criteria were applied
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proactively to new construction and retroactivel{r only to important
public buildings such as schools. This is certainly the cheapest way
to achieve eventual earthquake hazard reduction. ‘However, we must
recognize that the half-life of buildings is rather long and our existing
seismically hazardous buildings will be with us for a long time unless
deliberate efforts are taken to identify those which are unduly unsafe
and to abate those hazards, - : “

Mr. Brown. I am interested in this half-life concept. We can assume
that the half-life of some more or less average structure is what ? Forty
years? : : :

Dr.f‘?VRIGHT. Forty or fifty years is a reasonable estimate of the aver-
age life,

Mr. BrowN. And the expected frequency of an earthquake is only
every 100 years. What are the economics of trying to retrofit existing
buildings? s , ‘

Dr. Wrierr. This is an extremely strong justification for the type
of research activity that the Geological Survey is carrying out. If
‘they can develop the ability to predict that a particular area will not
‘have an earthquake for another 50 or 100 years, then we need not.
worry much about the existing buildings in that area.

However, that competence does not exist at’ present. In many parts
of the country, it may be a long time before that ability is with us.

Mr. BrowN. So a rational program would then look, as far as
existing buildings is concerned, not only at their earthquake resistance,
how close they come to meeting reasonable standards,%ut also the pos-
sibility of a serious earthquake in the area where they are located?

Dr. Wrienr. Yes. There is the capability today of making relatively
imprecise estimates of whether there is a 1-percent chance or a one-
tenth of a percent chance that a strong earthquake will strike any
particular area, say, in the next year. Based upon this information
of the degree of risk, it is possible to derive cost effective procedures
‘to determine where hazardous buildings should be identified and what
level of hazard is acceptable. CELL G ‘

Mr. Brown. As I understand the fragmentary data that we have
on earthquake prediction, there seems to be some indication that the
more serious an earthquake might be the longer period of time we
might anticipate seeing precursor developments in the way of tilts

~or strains or bulges or whatever. Is that accepted? ~

Dr. Wriear. T am not a seismologist. While T-have heard these

statements, I -would like to defer the response to that question.
.. Mr. Brown. We will defer it. The point I was really getting at is
iif we have reason to predict a serious earthquake and we have say a
year or 2 years or maybe up to 5 or 10 years indication that a seriots
earthquake will occur in that particular region, would that not allow
us to focus on that reason for purposes of structural modification in
order to obviate the worst effects of that ? S ' :

Dr. WrienT. Yes, indeed. This type of predictive capability would
be extremely valuable since it would allow us to focus corrective build-
ing actions in areas where they are most needed. o

Mr. Brown~. Now, Dr. Hamilton, would you care to educate me as
to whether the statement T made is roughly ‘correct as to the leadtime

~ anticipation.of occurrence ? Y i G
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Dr. Hamiuron. The answer to your question is yes, there is evidence
to indicate that the really great earthquakes have signals that may
precede the event by as much as 10 years. ,

Mr. Brown. Certainly that gives adequate planning time, if we had
the research data necessary to make those predictions. Thank you.

I have a number of other questions I would like to ask but in view
of the time I will defer these and request that if we provide you some
questions in writing would you be willing to cooperate?

Dr. WrieHT. Sir, we would be very happy to answer questions in
that form.

Mr. GoLpwaTer. Mr. Chairman ?

Mr. BrowN. Yes.

Mr. GorpwaTer. Just one observation I would like to make. You
would think that when we spend taxpayers’ money we would produce
something that would be a useful document for the layman or the
practitioner in the field who winds up having to implement policy that
Government legislators or bureaucrats have promulgated. I have been
looking over this document edited by you, “Building Science Series
46, Building Practices for Disaster Mitigation” and can you explain
to me what the purpose of this is supposed to be? What are you sup-
posed to get out of it and who is supposed to read it ?

Dr. Wricar. This was intended for a number of audiences, sir.
One important audience was the group of people at the National
Bureau of Standards and the National Science Foundation who are
concerned with planning research programs and the. implementation
of improved practices for natural disasters. If you will look at the
last pages which list the workshop participants, you will see that we
have representatives of local building regulatory authorities, local -
land use planners, design engineers, representatives of trade associa-
tions such as the American Institute of Steel Construction. There was
a diverse group of people from the building community and they were
speaking to their peers and indeed to the policymakers who control
the evolution of building practices.

Mr. Brown. The problem probably is that you didn’t have enough
Congressmen at that point.

Mr. GoLpwaTer. But they sure had the same types, a lot of intellec-
tuals. You didn’t have a person there who had ever swung a hammer
or who was a contractor who built buildings. You had engineers. You
had consultants. The point is that when you read what was written
here it doesn’t make sense. I just turned to page 19 because I was
interested in building loads or something here having to do with
dampening. Tt seemed to me that in the San Fernando Valley that
was one of the problems, the ability of a structure to withstand—I
think you call it dampening.

Dr. WricaT. Dampening is the ability to absorb energy rather than
having intensity of motion build up.

Mr. Gorpwater. That was one of the problems. One of the problems
with the buildings in the earthquake was that they found that cement
just did not give you a good dampening effect because it crumbled.
One of the things we learned is to put more steel into a building.

I turn to this page to look and learn a lot more and here is what
it tells me: “Surveys following the disaster, et cetera, et cetera, et
cetera, could have been prevented had proven structural details been
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~ used in the affected buildings.” Well, that is commonsense. Why did

we have to spend money just to find that out ? ; R
" Dr. Wrienr. Thisisone of the things which I think you are pointing
out with your own remarks and, that is, that commonsense is sometimes
an uncommon quality. = S

Mr. Gotpwarer. Only when it gets out of the hands of the prac-
titioner or the person who hasto do the work. : - o

Dr. Wrienr. Essentially I think I am saying much the same thing
you are. One of the great problems in disaster mitigation is to have
people such as those who are tying steel in building re-inforced con-
crete structures understand how important seemingly minor details are

* in achieving safety. .

“One of the saddest things I have seen in my lifé occurred a year
after a major earthquake overseas. I inspected the site'of a major hotel
in the stricken area with' a group of local builders, architects and
engineers, people directly involved in the reconstruction, and I saw
- improperly tied steel. The building community there had a construc-

tion manual which showed the importance of carrying the ties in con-

crete columns back into the core so that if a column starts to crack
and the shell falls off, the ties don’t become loose and ineffective.

11 you can keep the ties anchored in the core of the column, the column,
‘though it eracks a bit, will hang together and people won’t-get killed.
The ocal architects, engineers and contractors should have known this
because very simple documents had been made available to them.

- One of the real problems is transferring the research knowledge to
the worker who is tying steel on the job. He must know that if he does
not do his job right, he is risking the lives of the people who use that

~ building. That is ene part of the delivery problem that we all have =

to work on. . : R T S o
Mr. Gorowarer. Yes; but I don’t quite understand how this is going
“ to bridge that gap. - o e e ST

Dr. Wrrenr. This document recommends ways to bridge this gap.

Mr. GorpwaTer. But you spent a lot of time and a lot of effort and

a lot of people were involved. The question is: Who is going to benefit

from this document? This was put out in 1973. Have you seen the

fruits of this? ST p

Dr. Wrient. We are working very closely with the model code
~ groups throughout the United States. Most of our local building offi-
cials belong to one of three professional organizations, the Southern

States Building Code Conference in the South, the International Con-
- ference of Building Officials'in the West and the Building Officials

Conference of America in the Central and Northeastern parts of the

country. ‘We are working very closely with these building officials,

“ the people who are responsible for checking the plans. We work with
them on these problems to develop practices which are suitable for
implementation and helping them translate research knowledge into
usable forms. Tt is through them, practicing engineers and builders
organizations, such as the National Association of Home Builders,
that these practices can be carried to the people in the field. The Na-
tional Bireau of Standards is a small organization and we are not
able to do this job alone. ST '

Mr. Gorpwarer. I understand that, but I don’t see where this is
such a great document. I read down here and it says: “When a.detailed
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analysis is not. economical. * * *” What does that mean: “You
should eliminate potential hazardous conditions.” .

Well, OK, fine, but so what? Where is this going to go? Is it just
being filed someplace ¢ ;

Dr. WrieHT. 1I)t has been used as a guide for us and a large number
of other people in disaster mitigation research and implementation
programs. Again, I would say this recommendation is directed to
research organizations and building officials organizations to help them
understand what should be done actually implementing these practices
through work with professional building regulatory officials, and with
professional societies of design engineers and architects.

Mzr. GoLpwaTer. It sounds to me like a lot of people had a nice time
in Boulder, Colo. It would seem to me that also i1f we are going to put
things out like this that we should put something out of a practical
nature. I would like to see, for instance, the results of your laboratory
work leading to better buildings, the better use of material, specifical-
ly, more steel.

Dr. WrieaHT. We need the right type of steel in the right place.

Mr. Gorpwater. Right. Have you followed up in the San Fernando
Valley and looked at the structures and what have you? And what
have you learned from that? Have you taken what was learned into
the laboratory and done it again and again to make sure that our
recommendation is going to hold up, and our recommendation is that
we need more steel. We don’t need a lot of fancy.intellectual words here
that not too many people will understand, first of all, and second of all,
will ever read. But maybe a contractor could actually pick it up and
actually apply it to a building or an architect could apply it in the
design -of a building or a bridge. That is where it seems to me that
all of this effort should lead, the actual application of what we have
learned from the disasters. There is a lot of commonsense here but it
is something that we should already know. What I think we need is
more lessons from what we have learned from disasters. I would like to
see a document if you have one that takes a look at material structures
based on your observations of the San Fernando earthquake. Do you
have something like that and recommendations back to the State as to
building codes to upgrade them? Do we have anything like that
available ?

Dr. WrrarTt. I agree with you so much. I do not want to sound plati-
tudinous, but this document was a planning document, not an imple-
mentation document. We have continued in working on the develop-
ment of improved practices which includes a major program of devel-
oping seismic design provisions which are practically and nationally
applicable. We are advised in our latest publication by a group of
building code officials and consultants, people drawn from the build-
ing regulatory agencies throughout the country and practicing design
engineers, to make sure that the seismic design provisions will be prac-
tical and useful. We work with the conferences of building officials in
advising them on their code changes and in helping them translate
the research reports into language suitable for adoption. We work
with the National Conference of States on Building Codes and Stand-
ards, representatives of the Governors of the 50 States who have the
primary responsibility for building safety regulations. We work with
them to develop knowledge in a form which is suitable for application
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and practice. We can give you examples of this from the Wlnd area,
the earthquake area, the energy conservatlon area, the solar area and -
- many other areas of building technology.

Mr. Gorpwarer. I would hope so. T Would like to see that klnd of
material rather than holding somethlng hke this up as a panacéa for
all of our probléms.
~ Dr. Wriear. Indeed it is not ‘meant as a painacea, but as a program

plan.

Mr. Brown. Dr. Wright, I want to thank you and Mr Kramer for
your testimony this mornirgg. You have held up very well under the
circumstances and we appreciate your testimony very much :

Dr. WrigaT. Thank you, Mr. Chairman.

[Further questions in written form were submitted to Dr. erght
The questions and responses follow ] .

76~649 O - 76 -~ 8
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1. Please submit’a statement of the dollar amounts obligated by
NBS for earthquake work in fiscal years 1974, 1975, 1976, and
1977 (planned). The statement should be broken down into major
categories and further into subcategories if this is informa-
tive. In-house work should be separated from work under grants
and contracts. Please indicate whether the source of funding
is ‘direct appropriations or other agency funding.

y

- Information on the dollar amounts obliéated by NBS for earthquake
work in:fiscal years 1974, 1975, 1976, and planned for 1977 are
provided in the following Table. The expenditures are listed in
categories reflecting the thrust of each activity. An explanation
of each of these research categories is attached to the Table.

Of the total funding for FY 1974, 1975, and 1976, 45 percent was
allocated for in-house work and 55 percent of the funding was .
spent . for contract work. The majority of this contract work com-
plemented the NBS/NSF program for developing improved seismic
design provisions by allowing us to use many experts and building
practitioners ‘from varied fields to support:the program. The
in-house work is directed toward the development and implementa-
- tion of new building technologies and measurement methods for'
improved building practices. Approximately 70 percent of the NBS
total funding for earthquake related building research is funded
by other Federal agencies. p :
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Description of Research Activities in Funding: Table

Disaster Investigations: SR e

Post earthquake investigations in San Fernando, California in 1971;
Managua, Nicaragua in 1972; Guatemala in 1976; Italy in 1976 were
conducted to evaluate building performance, to identify needed
research and to provide technical assistance on reconstruction.

Improved Design Criteria for Masonry:

Conduct laboratory tests.to determine the strength of masonry
elements subjected to earthquake loads to develop procedures for
determining the strength of masonry in existing buildings and . -
to develop design requirements for inclusion in standards, model
codes and Federal regulations.

Building Practices for Disaster Mitigation:

Develop a national plan for disaster mitigation activities,
participate with other Federal agencies in coordinating earth-
quake research activities, develop comprehensive seismic design
‘provisions for use nationwide in model codes and Federal
regulations. Lo

Behavior of Concrete Members Subjécted to Earthquakes:

Laboratory tests to evaluate the performance of large-scale
concrete members.

Seismic Performance Requirements. for Building Service Systems:

.Develop performance requirements for service systems including
power, water, ventilation, and others for use in.designing
critical facilities,: such as hospitals, which must remain
functional following an earthquake.
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! fac11

. in extendlng the life. of bridge decks
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What work does NBS have under way or planned for earthquake re51stant
public facihtles (roads brldges plpellnes dams, powerlmes etc )?

As stated in our testimony; the National Bureau of Standards' disaster

- mitigation program encompasses research.on earthquake-resistant -design

and’:implementation of dmproved bulldlng practices for all types of

- ‘buildings. - The NBS Organic Act gives us broad authority. for building

research, but our-mission is not directed toward other types of’ struc-
tures or systems such as pipelines, dams, bridges, and roads.. However,
in our capacity as a. research 1aboratory for the Federal Government,

.'NBS does provide ‘technical support to the Departméent of Ti?ansportatmn

(DoT);, which is respensible for the safe design of all transportatlon

ties, and to 30 other Federal agencies.

‘Although DoT- does have its own. research organization Wthh examines

the effects of earthquakes on transportation structures, that agency. .
has applied our building research findings to similar situations. for”
bridges, dams, and roads. One example is the Federal Highway :
Admmistratwn s proposed application of our procedures and results

from the current, development of seismic design criteria.for buildings
mentioned in the testimony.. A second example is the NBS/DoT coopera-
tive work on evaluating the effectiveness of various epoxy coatings

3(;

As the chairing organlzatlon for the U.S. —Japan Panel on Wind and
Seismic Effects, NBS works with representatives from DoT and 15

other Federal agencies to support information exchange and coopera-
tive research programs on extreme winds and earthquakes. between

Japan and- ‘the United States. At the recent joint meeting at NBS :
in May 1976, Panel members discussed work done on earthquake-resistant’
design of: roads, bridges, pipelines, and dams tOf determine those areas

wh1ch need” addltlonal ‘Tresearch.

What areas of opportunity are there for future earthquake work at NBS?

There are three important areas in Wthh NBS, can provide centmued
contributions to the development and implementation of improved
building practices for reducing earthquake losses. These include:
(1)- Fesearch and development of methods to predict building per-
formance during earthquakes as needed for design, evaluation of -

- hdzards in existing buildings,’ and assessment of alternatlves
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“for strengthening and repair; (2) technical support to Federal
agencies, State and local governments and the private sector; and
(3) technical assistance to the National Science Foundation (NSF)
and the U.S. Geological Survey (USGS) in formulating and conducting
their research programs and translating the results to improved
building practices. :

The NBS has a continuing role in the development of criteria which
describe how buildings perform and of test methods which confirm
the buildings' compliance with specified characteristics. Because
of our interdisciplinary staff, NBS is able to incorporate users'
needs in developing such performance criteria which provide a
maximum opportunity for building innovation. Representatives
throughout  the building commmity have indicated the need:for NBS
to develop such performance standards. Specifically, they:have
indicated the need for NBS to do research for ensuring that

" building service systems, such as lighting, heating and venti-
lating, waste-disposal, and water supply will remain usable

. following an earthquake.  The American Society of Plumbing
Bngineers has emphasized the need for research which examines

the ability of plumbing systems to withstand earthquakes.

_The NBS sees further need for the development of uniform evaluation
procedures’for existing buildings and handbooks which explain how

the homeowner, builder, or the architect should proceed in repairing
a building following an earthquake. Although the Federal Government
has ‘procedures for reconstruction, the homeowner is frequently unaware
of what steps he should or should not take. For example, following
the Alaskan flood in 1967, many homeowners pumped the water out of
their basements before the flood waters had sufficiently subsided.
Although common sense would tell you that you should remove the
water, doing so before the flood waters are lowered causes extreme
pressures to build up on the home's foundation. In many.cases, the
basement foundations pulled away from the houses which resulted in
costly damage to the buildings. Following this flood, NBS investi- .
gators provided instruction to the public on how to dry out buildings.
Complying with our recommendations saved many homeowners from making
more costly repairs to their homes. The NBS could conduct the re-
search needed to prepare handbooks which describe:in non-technical
terms what the homeowner should do. A second handbook for builders
and design professionals also could be prepared.

Through the technical support we provide other Federal agencies and
our relationship with the private sector, we have the opportunity
to synthesize research knowledge and facilitate implementation.of
improved building practices to achieve earthquake hazard reduction.
The NBS has established communication with the numerous affected .
sectors; that is, the building regulatory agencies, State and

local governments, the professional design commumnity, university
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resedrchers, and othér Federal agencies. These continual inter-
actions have provided ‘the National Bireau of Standards with the
vehicle to ensure that resedrch results are implemented. -An
example of this cooperatlve activity is the NBS/Natiomal Science
Foundation program on seismic design criteria. The American

- National Standards Institute (ANSI), the largest standards—wrltmg

organizatlon in the United: States, .is already workmg to include”
these crltena ia consensus standard

Working through Federal agenc1es and organizations such as the
Conférence -of American Building Officials which represents the
three model’ codes, we'can extend the work we carried out for the
DCPA mentioned in our testimony and develop uniform procedurss for
determining hazards posed by existing buildings. Working through
the American National Standards Institute, we are in a position

to Implement the earthquake design loads developed from USGS work.,

Technical assistance to NSF and USGS provides the ‘opportunity for
cooperative research efforts and for NBS to contribute to research
program planning activities. For example we use the seismological
information developed by USGS to define design loadings for earth-
quake-resistant. _buildings. The program to develop nationally
applicable seismic design provisions, which also utilizes résearch
results developed by USGS, is another example of cooperative efforts.
We are currently involved in conducting a national workshop to deter-
mine research needs for earthquake resistant masonry construction.
Results from this workshop can be used by NSF for program planning
purposes. Utilizing NBS involvement with:the private sector, we can
work with NSF to expedite the translation of reseatrch into practice.

In your statement YOu ‘mention that "NBS works' with "desrgn professmnals,‘

industry, orga:nlzed Tabor, builders, codes and standards-writing groups,
Federal agencies, and the State and local building regulatory agencies."

Several of these groups would appear to benefit from design requlrements
that are costly. None of the groups would appear to benefit from cost-

saving design. Wotld-you ‘comment on’ those appearances and describe. how -
NBS ensures; its recomendatlons are cost effective. .

Although it mght appear that some of these groups would benefit froi
costly desxgn requiremenits, this is not the case.” All groups who.
participate in the commerce of building: designers, industry, labor
and builders; are keenly interested in less ‘expensive design require-
ments: to' redﬁce their own costs:and to” increase: their volume of work.
To malntam the fréedom for dlverslty in bu11d1ngs and the 11ve11hood~
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of many industries, various sectors of the building commmity are
dependent on economical designs which provide equal opportunity for
~ differing materials, design and construction methods.

Building owners and users, including Federal agencies, and State and :
local governments seek less costly design requirements to reduce their
capital costs and the operating and maintenance costs for buildings

they use. Obviously, they have other pressing needs for their funds.

Due to the tight constraints on governmental budgets, this concern

for saving money is particularly true now. ,
Codes and standards-writing group$ and building regulatory authorities
often are more concerned with safety and reducing property losses than
with initial building costs. These groups consider the cost of changing
building code provisions and the corresponding impact on the building
industry. In many cases,-revised codes and standards which reduce
hazards may be cost effective, especially when one considers the value
of a human life. ; :

As indicated in our testimony, the NBS research focuses on the
performance concept which examines how buildings, components, and
systems should perform rather than what specific materials or
techniques should be used. - Our performance -approach is not biased
toward any particular technique, material, or company. Performance
requirements provide the maximm opportunity for innovation and can
stimulate a competitive atmosphere which results in cost-saving
design and construction. ) .

The NBS measures the consequences of building practices by examining
‘the ‘costs of design, construction, operation, maintenance, function-
ality, and safety. These explicit measures allow public authorities
to weigh both the subjective and objective costs and benefits and
to establish cost-effective levels of performance for-buildings.
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Mz BROWN. Our Iast witness this morn.mg will: 'be Mr‘ ThomaSv ‘
Dunne,Director of the Federal Disaster Assistance Administration,
Department of Housing and Urban Development. We owe you an
apology, Mr. Dunne, for the lateness of the hour.'We hope you will
- be able to reschedule your lunch that you had planned to have an hoar

. ago. Your full text will be inserted in the record and 1f you choose to
abbreviate or summarlze———

; STATEMENT OZF THOMAS DUN‘NE DIRECTOR FEDERAL DISASTER
ASSISTANCE ADMINISTRATION, DEPARTMENT OF HOUSING AND
.. URBAN DEVELOPMENT

Mr, Dunng. Mr: Cha,lrman, Wlth your permission I would- hke to
submit my written-statenient for the record and give you s summary.
[A brief biographical sketch of Mr. Thomas P. Dunne and the com-
plete prepared statement of Mr, Dunne are as follows:] = ‘

THOMAS P. DUNNE

Thomas P! Dunne, 39, Administrator of the Federal ‘Disaster Assxstance Ad-
mimstratxon, Uis, Department of Housing and Urban Development, is responsmle
for supervising the relief activities of governmental and private agencies follow- .
ing an emergency or major digaster declaration by theé President.

‘Mr. Dunne was appointed to the position by the Secretary of HUD when Re:

.-organization Plan No. 1 renamed the disaster functions of the Office; of  Emer-,
‘gericy Preparedness and moved FDAA to HUD on July 1, 1973,

From March 1972 until joining HUD, Mr. Dunne had been Deputy Ass1stant
Secretary for Operations of the’ Econonuc Development A(}mmistratlon in:-the
Department of Comjnerce. Startmg in November 1969, hie ‘held a series of in-
creasingly responsible positions in Economie Development ‘which included on
occasion 'working with disaster devastated communities.

Prior toentering public service, Mr. Dunne was Midwestern -advertiging repre-
sentative of Nation’s Business from 1965 to 1969, He preyiously served as an:
advertlsing representatlve with several agenc1es, as an insurdnce agent;and as an:
accountant.

A ‘native of Ghicago Mr. Dunne attended the Un1vers1ty of Iihnms and South~
east Junior College; He is married to the former Carol Lucas of Chicago and they
have four children: o

: TESTIM‘UNY OF MR, THoMAs P. DUNNE, ADMINISTRATOR; FEDERAL DISASTER ASSIST-
ANCE ADMINISTRATION, DEPARTMENT OF HOUSING AND URBAN DEVEL@PMENT, ON
A NATIONAL HARTHQUAKE HAZARDS REDUCTION PROGRAM . :

Mr. Chalrman, I am: Thomas P. Dunrie, Admmistrater of ‘the Federal D:saster
Assistance Administration (FDAAY,; Depattment of Housing and Urban Develop-
ment. T am pleased to liave the opportunity to appear before your Committee to
discuss the general subject of earthquakes,

My remarks will:cover the activtities of the Department of Housitig and Urban
Development: jn the areds of earthquake disaster assistance, preparedness, and
mitigation. I shall conclude with observations on the two bills before’your Com-
mlttee——H R 13722 and H:R. 13845——and ‘oh'the Senate-passed 8 1174

L DISASTEI; ASSISTANCE 3

To provide assistance after a declaratien of a ‘mg 'disaster is’a prlmary
responsibility of the Départment.-Most of the authorities 6f the Disaster Rélief
Agt of 1974 (PL 93-288) have been delegated to me as Administrator of the
Federal Disaster Assistance Administration: This Act provides ~assistance to
State and local governments-and -individuals that suffer losses as a result of
major disasters declared by the President. This includes earthquake disasters.

Providing assistance under this Act is the primary function of FDAA. The

" authroities of the Act have proved adequate to cope with the 72 major-disasters
that have received a Presidentlal declaration smee the enactment of PL 93-288,

b
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We are supported in delivering asgistance by a number of other Federal agencies
that have the authority and capability to assist us. I believe:that there is sufficient
legislative authority on the books to deal with earthquake disaster assistance.
We have established procedures and ties with other Federal agencies to imple-
ment this authority in case of an earthquake. It is significant-to note that these
ties also extend to State and local agencies responsible for disaster assistance.

We recognize that a strong earthquake striking a large metropolitan area will
create problems because of the sheer size of its impact. These problems, how-
ever, are in the areas of managing the resources. We have identified many of
these potential problems and are working with Federal agencies and with State
and local governments in idenitfying means of .dealing with them.

II. DISASTER PREPAREDNESS

This brings me to the second topic of interest to yoiii Committee: earthquake’
disaster preparedness. :

FDAA has funded studies to estimate the damage and casualties likely to
result from large earthquakes -that may strike the greater San Francisco, Los
Angeles, Salt Lake City and Puget Sound Areas. The studies were conducted
by United Statey Geological Survey staff. Many of the consultants and experts
who assisted in these studies were from the potentially affected areas. The studies
have been used as a basis for assisting all levels of government by identifying
potential problems. : :

“An earthquake response plan is now being developed for the San Francisco
Bay Area. A complementary State and loedl plan is also being developed. These
plans identify actions to be taken by each level of government. FDAA will co-
ordinate the Federal effort and the California Office of BEmergency Services will
perform the same function at the State level. Variations of these same earth-
quake preparedness plans are in different stages of formulation in three other
earthquake-prone locations .studied—Los Angeles, Salt Lake City,. and Puget
Sound. ’

“FDAA funding of State work in earthquake "‘preparedness is also available
under PL 93-288. Each State is allowed up'to $250,000 to develop plans, programs,
and capabilities for disaster preparedness. All States (and other jurisdictions
defined as “States”in the Act—57 in all), except the Canal Zone, are participat-
ing. The initial emphasis is being given to the development of basic State emer-
gency plans and other emergency response measures. Once this requirement is
satisfied, grant funds may be used to prepare for unique responses to specific
kinds of disasters and to address hazard mitigation problems. This would include
response to and mitigation of earthquakes. Several States have noted. their in-
tention to do some earthquake response or mitigation work under these grants.

III. EARTHQUAXE MITIGATION

Preparedness plans are only one means to mitigate the earthquake hazards,
as the other Federal witnesses this morning have stated. To complete the over-
view that ‘they have provided you, let me now turn to other HUD activities.
Specifically, those programs aimed at more earthquake-resistant buildings.

The Department has allocated more than one and a half million dollars to
research and investigations dealing with natural disaster mitigation. Through
fiscal year 1977, HUD research studies related to earthquake mitigation alone
will have totaled about $1 million. Following is a summary of HUD funding in
the area of natural disasters.

[In thousands of doliars]

Fiscal year—
Pre- 1974 Transition
Categories and 1974 1975 19761 quarter 2 19773
Disaster housing. _._______._._._____ T . . ) 298 809 360 600
Environmental planning and earthquake

hazard reduction . S3467 Lok ‘ 300

1 Prefiminary.

2 Estimated, ) o
3.0f this total about $250,000 was expended for earthquake hazard reduction.
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This HUD research: draws upon. more basic work in this area done by other -
agencies rather than duplicating it. Thus, our research dollar can be devoted
to our operationalirole. - - . gt T : : iy

"HUD has primary legislative responsibilities for housing and community de-
veloment matters. The overall emphasis of our earthquake “itigation regearch
is on'design and-renovation' of residential structures. ‘The results of these studies
provide a means to assist local communities in protecting themsélves against

. earthquakes. = = oo ‘ SO DRGSO S
~_There are five studies that I believe would:be of interest to this Committee.
1. Seismic design for single family dwellings - B .
~ This study was initiated as a result of the rather extensive damage to single-
family residences in the San Fernando-earthquake of 1971. The project will be
completed this summer. The end result will be a manual containing detailed
design and construction features that can be incorporated in a single-family

dwelling. The manual has already been presented to industry representatives
on the West Coast and has received favorable reactions. . O :

2. Cost impact of seismic resistance i :

. This effort is about to start. ‘Propertiéé insured by HUD must meet: certain
‘Minimum Property Standards—or MPS. For seismic design, the MPS require

.. conformance with standards published. by- the American National Standards

Institute, specifically ANSI A58.1. The nature of these requirements varies with.
the degree of seismic risk in the area. They have been changed recently as a result
* of the New Uniform Building Code Seismic Risk Map of the United States. The

HUD cost-impact project is designed to provide definitive and credible data on the
added cost of designing these seismic safeguards into residential buildings in

areas in which the seismic fequirements have been increased. It will supply - -

needed information to governments at all levels, to. the comstruction industry,

and to individuals. ; L
3. Beismic behavior and design guidelines

This project is investigating through laboratory tests the behavior of single-
story masonry residential buildings under seismic loads expected to obtain in
Zone 2 (moderate damage) of the Seismic Risk .map. The experiinental results
of these' tests will be translated into design and construction: guidelines for the
industry. Working with HUD, the Structural Engineers Association of California
will prepare the manual. This is one example of the Department’s cooperation
with professional groups. 5 f ok
4. Seismic rehabilitation of ewisting bwildings ; : i e '

A trend has emerged to remodel multi-story buildings. This is primarily due

-to the rising costs of new construction, Many such products are to be used for
elderly persons. Seldom 'do- these existing buildings incorporate adequate
seismic safety . features. 'HUD will prepare a manual setting out a systematic
methodology, incorporating these safety features, for renovating such build-
ings. It*will also include relevant cost/benefit data, Thus, management decisions
‘can be made on the economic feasibility of the rehabilitation effort. Incidentally,
the methodology in the manual will draw heavily on work performed by the
National Bureau of Standards. This is another indieation of HUD and other
agencies coordinating their respective efforts and drawing upon the results of
each.other’s work. ‘ 5 :

9. Environmental planning. guidance and earthquake hazard reduction
This 5-year program has been conducted cooperatively by HUD, USGS and
California’s Association of .quernments,._Much information dealing ‘with soil

be made available in a form that can be incorporated into the day-to-day decisions

of local governments. Sonie examples of this are: exact location of active faults

- and landslide- and flood-prone areas and teehhiques‘ for land-use plann
incorporating natural hazard risk considerations s ieable : apl
areas. A final report will provide guidance to community planners and decision-
makers on earthquake hazard reduction. .. " : ;

*IV. PROPOSED LEGISLATION

Now I come to the several billg on earthquake hazard reduction being :cdn-

. Edlgrigsli% your Committee, speg@%ieally the Senate-passed . 1174, H.R. 13722 and
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The specifics in each one of these bills are different. The main purpose of all
three of them, however, is to provide a focal point for a program of earthquake
hazard reduction. The intentions of the Committee are worthwhile. In considering
the means to achieve them, however, the Department has several comments that
I would like to share with you. :

Let us first examine the most significant duty of this focal point that would be
created by the bills—be it a “lead agency,” a ‘“council”’ and a  ‘“board,” or a
“conference.” That main duty would be to formulate a national program of earth-
quake hazard reduction. As the Committee has already heard, the National Science
Foundation and the United States Geological Survey are working closely together
on one aspect of the problem—identifying what further research needs to be
addressed. HUD is also participating in:this formulation process by way of a
Memorandum of Understanding with NSF., An Interagency Coordinating Com-
mittee meets regularly to discuss current and future projects. This provides for
exchanging of research results, avoiding possible-duplication, and exploring the
possibility of jointly funded projects. :

The same comment can be made about the other earthquake-related activities—
including validation of earthquake predictions and procedures for disseminating
them to State officials; research in the earth and engineering sciences and in the
social seiences as well; seismic risk mapping ; development of instrumentation ; a
clearinghouse function to make available to potential users new information in
usable form ; participation in exchange of data with relevant foreign countries—
to cite only the most significant topics. ; ‘

H.R. 13845 would also give the “National Earthquake Hazards Reduction
Conference’’ the authority to coordinate a national program of earthquake mitiga-
tion. In our opinion, this duty is already being adequately performed through a
number of informal mechanisms. The activities of the relevant agencies are co-
ordinated through an Interagency Discussion Group on Disaster Mitigation that
meets about once a month—with NSF acting as an informal ‘host organization.
The member agencies present results of ongoing efforts; discuss objectives, scope,
and funding of projected programs; and exchange other relevant information.

Further, any number of other frequent informal exchanges of information and
views take place between affected Federal agencies. For example, USGS and
FDAA maintain close coordination on earthquake prediction matters. Only .re-
cently Dr. M¢Kelvey, Director of the USGS, briefed FDAA fully on the Palmdale
uplift and on his agency’s efforts to establish procedures to disseminate earthquake
predictions to State officials. Also, the Secretary of HUD has delegated to USGS,
among-others, some of the warning responsibilities contained in Section 202 of the
Disaster Relief Act of 1974.

. V. CONCLUSION

In summary, Mr. Chairman, we believe there are already sufficient authorities
to carry out the purposes of the bills: a research program is being formulated, a
national earthquake hazard reduction program is ongoing, and the necessary
coordination is taking place. Further, the existing authorities provide the Execu-
tive Branch with flexibility to adjust to management needs that may arise as a
result of developments in this ra'pidly_ moving technology. The creation of an
additional body, like those proposed in the three bills before your Committee, does
not appear to be necessary. '

However, as you have heard here this morning, there are a number of studies
and activities that are now underway to better identify the issues and the options
to be taken in this important area. I would, therefore, suggest that further action
by the Congress be postponed until those issues and options are better defined.
Thank you, Mr. Chairman. Now if there are any questions I will try to answer

them.

Mr. Dunne. My statement covers three major activities of the De-
partment related to earthquakes: Disaster assistance, preparedness,
and mitigation. : ’

Disaster assistance. The Disaster Relief Act of 1974 provides supple-
mental assistance to assist States and local governments in their respon-
sibilities of alleviating damage, loss, hardship, and suffering. This
assistance is provided when the Governor of a State requests the Presi-
dent to provide Federal relief. At the determination of the President,
he may declare a “major disaster” or an “emergency.” This act provides
assistance to individuals such as food, temporary housing, loans, and

i
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- . _grants, It also provides funds for the State and'local governments to
“assist them in the repair and reconstruction: of ‘public facilities. The

authorities of the act Eave been adequate to cope with 74 major disasters

declared by the President since enactment, . oo Ry

~ Disaster preparedness. The Disaster Relief Act of 1974 authorizes

i preparedness activities. Studies have been conducted for four major

" metropolitan areas to estimate potential damage and casualties result-
ing from earthquakes striking these areas. These studies have served
as a basis for joint Federal, State, and local earthquake response plans,
- The act also allows for a $250,000 development grant to each State
to be used in developing its plans, Pprograms, and capabilities. All

States are participating. Several States are -using part of this grant

for earthquake response or mitigation work.

Earthquake mitigation. The Department has allocated more. than
$114 million to research and investi%tion dealing with natural dis-
asters. Through fiscal year 1977, HUD. regearch reﬁate,d to earthquake

i - mitigation alone will have totaled about $1 million. - ,

i+ The overall emphasis of the Departinent’s earthquake mitigation
~ ' research is on design and renovation of residential structures, There
are a number of studies currently in pro ress. Among these are studies
dealing with (1) seismic design'for single family dwellings, (2) a cost
impact study to determine. the added cost of ‘designing these seismic
safeguards into regidential buildings, (8): laboratory tests-on the be-

" havior of single-story masonry residential-buildings under seismic

loads, (4) seismic rehabilitation of existing buildings, and (5) studies
identifying exact locations of active faults to be used in land-uss plan-
.ning. Each of these stiidies involves a close. coordination with other
" Federal agencies, the private industry, and local governments.
“Mr. Chairman, in my pinion, these varied but closely related activi-

. ties are being. well coordinated. There is continuous communication

*particular time..

_among the involved agencies. As you may have heard here this torn-
‘j‘ingf), there are a number of studies and-activities that are now underway
to better identify the issues and options to beitaken in this impoitant

area. I would, therefore, suggest that further aﬁgtionabv the Congress
be postponed until ' : 3

those issues and options are better defined, -
Chairman. Now if there are.any questions I will try

Mr. ] .Thankyouverymuch, - . .~ oo "

I raised a‘question earlierwith regard to. what yo’u,miﬁht -call the
cost impact of seismié activities and _notice you have an-effort in that

~drea, Have the results of your studies reached any tentative conclusions

~as to what the'additional cost of meeting adequate seismic standards
would be for varioustypesof dwellings? = .~ ... . .

* “Mr. Duwne. Mr. Chajrman, that effort is just about to start and it
‘will be a 12-month effort. So we-have no reliable data to submit at this

A2

Mr. Broww. Mr. Goldwater, do you have any questions of these

o witnesses?

" Mr, Gorpwarsr. Have you hoen with the program since 19781,

- Mr. Donnz. T took over officially July 1, 1973, when the Office of

. Emergency Preparedness ‘was abolished and the natural disaster pro-

' Development,”
76649769

grani ‘was transferred ’to‘“’th;g Department of Housing and Urban

i i
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Mr, GoLowaTer. That was General Lincoln ¢

Mr. Duxwe. I believe he left OEP in January 1973. There was an
Acting Director of OEP in the interim before the agency was
- abolished. ,
Mr. Gorpwarer. I think he is the one I dealt with during the San
.- Fernando activity. Were you in Government at that time ¢
Mr. Dunne. I was Deputy Assistant Secretary for Economic De-
- velopment Operations at the Department of Commerce for 4 years

. previously. _

A 1M§2 GorpwaTER. Does your office get involved with international
relief? -

. Mr. Duxxe. No; we don’t, but we do coordinate closely with the
people at State and ATD. As a matter of fact, 2 or 8 weeks ago I took
my senior staff over to the State Department for a review of the Guate-
mala earthquake and the Italian earthquake that recently occurred.
We were exchanging information on the unique types of resources that
- had to be brought to bear during those peculiar types of disasters. We

have a continuous dialog with ATD. ;

Mr. GorowATER. In evaluating the damage after a natural disaster,
who do you look to for information ¢ ‘

Mr. Dunne. Let me briefly take you through what occurs. Under our
procedures, the Governor describes what the damage and losses are.
In one of the uses of the preparedness grant, we are asking the States
to develop a better capability to make damage estimates.

However, we do verify the State estimates and we use a variety of
Federal agencies whose personnel have been trained in this area. We
use the Corps of Engineers, the Federal Highway Administration, the
Department of Housing and Urban Development, the Interior Depart-
ment’s Bureau of Reclamation, as well as other Federal agencies with

‘disciplines in particular functional areas. .

Mr. GorowaTer, Younever utilize the private sector?

Mr. Dunne. Yes; in this respect, we do use the American Insurance
Association quite frequently. We have a standing agreement with them
which I signed about 2 years ago. They complement our efforts, so we

do get at least an idea of how much of the damage is insured.

Mr. GorpwaTer. Did you ever use their adjustors?

Mr. Dunwe. No; we have not. But the Small Business Administra-
tion, I think, going back to 1972 during Hurricane Agnes, did use
the General Adjustment Bureau. I donot know if SBA is using them
actively any more, but they are a potential resource.

Mr. GoLowaTEeR. In the studies that you are undertaking on the four
‘cities-—I have not read your testimony—what are you trying to find
.out there? : .

Mr. Dunwe. This effort was brought about because of the 1971 San
Fernando earthquake and it started in the Office of Emergency Pre-
paredness. We contracted with the U.S. Geological Survey to under-
take a vulnerability study for each area which would tell us under the
* worst possible conditions what type of damage and what level of casu-
alties are likely to occur. And this would be the basis for the joint
 Federal, State, and local planning effort for responding to that

disaster.

- Tt 'was not a mitigation study. It was designed to provide a basis for
" response planning. In the San Francisco area, we hope that by the




" cedures they will follow and describe wh

+ evaeuate and will order it, otherwise we will e

ds: S

. end of this calendar year allithree lévels of governm
© pleted their joint preparedhess pla"nhihg and will
 their plans. *W;Ve;hofpé‘tha,ttdvva;rd: the end of nex; y

' area plans will be @om%eted*aindfhen;we will be Ic to e 3

- Puget Sound and Salt Lake City area efforts some time fir the future; -

- But the-vulnerability analyses %\aﬁe been done and ‘published. They
- present the likelihood :of what will ocetir in terms of deaths and in-
Juries or damage to critical facilities such as dams, hospitadls and tyans-
portation networks, .~ . G e

- Mr. Gorpwarer. ‘You are developing preparedness plans. Are these
really plans of action? LR By O

- Mr. Dux~e. That is correct. They will agsign responsibility to‘each
Federal agency. Within the State of California, they will identify the
‘action agencies at the State level and wha ans, programs and pre-

v hat-resources: will have to be:

- brought to bear that maynot be readily availableinthatarea.

For instance, we know after having a serious earthquake in- Los
- Angeles or San Francisco that we will have to provide an enormous
- amount of temporary housing. People will be displaced. We may not be

* * able to find that temporary housing in the immediate area. We wi
‘. have one of-two'deeisicns-tomake;,Maybe the Go *fﬁgrquillfwwish to

the Los Angeles
kifigito complete

homes or prefabricated. types of buildings inte the area.'We have to
identify who will be responsible for that, activity and how it will be
coordinated among the various levels of government and where we -
.will get the resources from.. .. - s e
' Mr. Gorpwarsr. Do you get itito such concerns ag commionality of -

& communications equipment and rescue equipment, et cetera !

uNNE. We have communications on the Federal side thromgh

would want it to be compatiblewith the Stato?

& St ¢ -communications Ey‘stéxﬁaw already tied in.
Government by the civil defense ; ‘ munji-

- was that there \U:'asfiimd&quﬁte@;@gmmanieati@n. T
~ monality of fre%xeneies used in the radio system.
- Mr. Duxne. We do have a regional ands i

t-now we are dealing with the typhoon’ disas
he: only eommunieations i o

Navy facilities. The territoria
Guam: aave any communieations exeept wit
tainly, the area of comm

unications is one of the areas: we: are deal-

. -ing with and_eommtnieations specialists on both th ederal and Vodi
oordinated

State level will be working together and will has

~ Mr. GorowaTer. I hepe ;

the same frequency. .+ : /
Mr. Dunne Thopesotoos

. Mr. GoLbWATER. Ar  you satisfied:that the

- = Mr. Dunwe. The plan is not completed

* Tcannot be satisfied with anything.

rd i atze@' i
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~ .Mr. Gotpwarer. One of the inadequacies of Federal planning in:
response to disasters is the inability to deal with private do-good-
ers, volunteers, people who have CB radios, and jeeps, people who
- want to contribute clothing and medicine and volunteer their serv-
ices or their houses. It often amazes me that the Federal Govern-
ment as well as State and local governments feel that only they are
capable.of putting together the necessary resources to respond to a
disaster. And yet we %xave all of this manpower, all of this volun-
teerism and goodwill spirit of Americans flowing forth and wanting
to be a part of disaster mitigation only to be ignored by those in
command. , . e
This. was so grossly evident in the Guatemalan earthquake re-
cently when literally tons and tons of material was just stockpiled.
. Most of it was not useful, but the point is that none of the effort’

was coordinated. These people felt they wanted to be a part of the .

program, but they weren’t made to feel that they were. I wonder,

did you get into that at all ¢ Lo i .

~ Mr. Dunne. Yes; as a matter of fact, our law allows us to co-
ordinate, with their agreement, the various volunteer organizations,

. and we already have signed agreements with the American Red

Cross and the Salvation Army. I think what you are really address-
ing is not the regular volunteer agencies but the splinter groups ‘who
want to send clothes or want to donate money, et cetera. ‘We have
been able for the most part to cope with that fairly well on the
domestic side 'in recent years because we can identify what that
group is. We have asked them to come under and work with the
‘regularly-structured volunteer agencies. The worst thing in the world
is to have undisciplined people who are highly emotional and who
" have not been trained going out trying to help their neighbor, which
we applaud, but oftentimes getting in the way and not really helping.

When people say they want to send food or clothing or money, we
ask them to donate to tlie existing volunteer organizations and work
with them. T think in most cases it has worked out quite well, but
~ occasionally we do Tun into a group which forms its own organiza-
~ tion overnight and wants to respond, and we do have some prob-
lems. But it has not been a monumental problem, at least in the last
- 8 years T have been with this program. T ‘
 ‘Mr. GorpwaTter. I would like to yield to my colleague from West
- Vireitiia who has had firsthand experience with disasters. =

. Mr. Hromres. Not ‘only.in West Virginia but -also Guatemala.
T had an opportunity to go down there. T think what the gentleman
from California has observed is absolutely correct. There is ‘not

. enough effort: éxerted to mobilize some of the excellent goodwill that
always springs up at the time of disaster. However, T would add that
there is also a great deal of unnecessary material that people clean

out of their attics and doctors clean some of their old samples off
their shelves, some of which are outdated. At the same time though
T think the gentleman’s point is very well taken, that there ought to

' De a better way to try to mobilize and draw in the tremendous amount

of assistance that is offered on a voluntary basis.
A1l too often the Federal Government and even the private relief
~ agencies will say, just give us money and don’t give us anything
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.~ Mr. GorowaTEr. I don’t want to be misleading. T have to recognize
~that a great deal has happened since 1971 in the organization of this
~whole effort. 1 was impressed with it in the Guatemala thing, but
“there was that one hole that hasn’t been plugged and that is the proper
. handling of these unorganized uncoordinated Americans who want to
help. You cannot ignore them because they are going to be there

‘whether you want them or not. So you had better figure out a way of
utilizing them. That is the one hole that I saw. Maybe you are right
~that it is more of a problem internationally than it is strictlg a national
problem here. I wanted to ask you about ‘this earthquake business.
Are you working at all with the National Bureau of Standards in
your research ? , . o ‘ :

Mr. Dunxe. I have a gentleman here from the policy development
and research side'of HUD which is the centralized research arm of the
- department and I think he could more specifically answer the question.
.. Mr. Gorowater. What is your name ? oo
Mr. WernER. I am William J. Werner,: director of: the building
technology research staff in the Office of Policy Development and
Research. . . , S
- [A brief biographical sketch. of Mr. William J. Werner is as
follows:} -~ . : o G R R
R iR WiILLIAM J. WERNER '

"Mr. William 'J. Werner was born'in Brooklyn, New York, and received his
degree in Civil Enginéering from the Polytechnieal Institute of New York. He
has pursued graduate studies in structural engineering at George Washington
University and Catholi¢ University in Washington, D.C.
© Mr, Werner came to the Department of Housing and Urban Development in
1969 as manager of “Operation Breakthrough” Housing System: testing, evalua-
‘tion, and quality control.” He has been Acting Director of the Building Tech-
nology: Research Staff; Office of Research and Policy Development, since 1973.
Prior to his service with HUD he was employed by the U.8, Postal Service and
as i structural engineer with several private firms, :

" Mr. Werner is a Registered Professional Engineer in Virginia and in the
District of Columbia and a- member of the American Society for Testing and
‘Materialsand the Federal Fire Council. R :
Mr. WerNER. We have had a many year relationship with NBS going
back to at least 1969 that T am aware of across the board in housing
technology. The projects that Mr. Dunne mentioned are not being done
atthe National Bureau of Standards. Asthe “client” we felt we wanted
to go to where wé thought we could get what we felt was the best
_for our research dollar. So the projects were all competitive procure-
ments, R ,
Mr. GoupwaTer. But you do talk with each other? :
~ Mr. WeErNER. Absolutely, yes. We are on many of the same joint
committees as Dr. Wright mentioned. R
‘Mr. GorowaTEr, How 'much money are you spending in this area
of seismic resistante ¢ Do you have a dollar figure? .
© Mr. WeenNER. For fiscal 1976—and it includes approximately $250,-
- 000 in disaster housing systems designs for ruggedized mobile homes
that can be reused as disaster housing or a cost effective disaster hous-
ing system—it is all lTumped together in our budget category and it
is approximately $800,000. We are proposing approximately $600,000
in fiscal 1977: L ‘ o
Mr. GorowAter. Do you work at all with the State and local govern-
ments involving the codes—I guess that is not an area of research,
isit? ~ ' '
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‘Mr. WerNER. One of the first things we do is:determine the audience
that we went our research to go to, and consequently in that regard -
we do work with the States. ,Ifgt(,’he end product is to be something for
a builder, we get involved with the National Association of Home -
Builders or building code officials or someone of that type. :

Mr. Gorpwarer. But actually implementing what your R. & D.

- has come up with doesnot fall on your shoulders, doesit¥ =
Mr. Werxer. I'don’t quite follow.. S L e
Mr. Gorowarer. You are in charge of research and development
for HUD. , o S .
Mr. WernNEr. Building technology research, right. ‘
. Mr. Gorowarzer. If you develop a specific technology, do you get
involved in implementing it or seeking that it is implemented or trying -
to persuade its implementation at -’the%oc,al level? . . . ‘
Mr. WerNER. Yes, in two ways. First, to the extent we can try to
work with thé voluntary consensus standards writing organizations

~.~.puch as ASTM or American National Standards Institute or the Na-

tional Conference of States on Building Codes and Standards. That is
a moral persuasion type of effort. We also have the HUD Minimum
Property Standards, which is 6ur design document for properties in--
~sured under FIA mortgages. And, of course, if FHA adopts it-in
the Minimum Property Sgt,and;&rds,‘then that has a spinoff. :
Mr. Gorowarter, Thankyou. =~ . ‘
"Mr. BrowN. Mr. Dunne, am T correct in that thiere still remains a
-, couple of other disaster agencies, the Federal Preparedness Agency and-
~ the Defense Civil Preparedness Agency? Are those still operating? . -
+“Mr. Dun~e. The Defense ‘Civil Preparedness Agency in the De-
~fense Department, of course, and the Federal Preparedness ‘Agency,
which was a spinoff fromi OEP, is now in GSA. Their main thrust is
continuity. of (_Eovemment in case of a civil disorder or an attack.:
~ 'Mr. Brown. All of these agencies would presumably come into
action in the event of a major national disaster T suppose? .. SR
Mr. Duxn~g.. The national disaster that is brought about by an
attack on the civilian population, yes. Natural disasters, no. Natural
disasters are highly localized. They are not national in scope, I could
not conceive of a natural disaster that would shut down the whele
country. I think we approach them in completely different ways.
Mr. Brown. I apologize for my ignorance of the functions of the
various agencies, but I am basically concerned with the degree to which
the various agencies coneerned with different types of disasters might
~have developed some degree of coordinated approach. There would -
obviously be certain commonality as to ways you would handle sorié -
- of these things and T presume there is some degree of coordination

between the threeageneies. . -~ - .
Mr. Dunwe. I think-the commonalities are overstated and the
. dissimilarities are understated. There is going to be a congressional
hearing on this subject by the:Joint Committes on Defense Production
at which T have been invited to testify. I believe there are big con-
ceptual differences that ought to be pointed gut to the Congress. T
know there are people who are trying to mglke various points in terms -
of the commonality of natural disaster and nuclear disaster preparad-
. ness'but T would like to point out that there are an awful lot.of dis- .
. similarities, We ought to start focusing on the basic problem and not
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just on breeding more agencies or trying to consolidate agencies. T
ave a disagreement philosophically, conceptually, and pragmatically
with reorganization just to reorganize.

"Mr. BrowN. Let me give one illustration of where there might be
a commonality. One of the kinds of responses to an earthquake predic-
tion might consist of the evacuation of a community which was under
threat. That is the same sort of response you would take to an antici-
pated nuclear attack or any other kind of military situation, but
basically I wanted to raise the question of whether in any of your
research or planning to date you have gone as far as to contemplate :
the need for evacuation and what, if any, major efforts have been
concerned. o

Mr. Dun~e. That is something we are certainly looking at. I sent
one of my senior regional directors and two oufside consultants to
Australia after it was hit by the cyclone in 1974 in which the Aus-
tralian Government evacuated the major part of Darwin. We thought
we could learn some lessons from that. It created more doubts in.
my mind about the feasibility of evacuation in the event of natural
disaster. Of course, as Dr. McKelvey pointed out, we are not near a
prediction capability and I set this as a hypothesis. If we reach the .
point where scientists can say with reliability that an earthquake will
hit a year from now in the center of this particular metropolitan area
and somebody, let us say the Governor, decides to evacuate the area,
there are many policy considerations which suggest that maybe evacua-
tion is not such a great idea, because what is going to happen to that
community ¢ For example, will the banks stop making loans and the
insurance companies cancel insurance? And what will be the effect
on local and State governments? There is a whole series of implica--
tions here. And so I am not willing to jump into this area of evacuation
and say it is a great idea or abad idea.

I think it has to be studied. And before we can get into an intensive
study I think we have to wait until the scientific community comes up
with a more reliable base for making predictions.

Mr. Browx. This question was asked in connection with the predic-
tion made by the Cal Tech research people with regard to the earth-
quake in Los Angeles. I am not, of course, espousing the immediate
preparation of evacuation plans, but rather the point that you made
that there is research on this. I presume your agency would be a
primary agency in connection with any studies with regard to the
desirability of evacuation in response to a disaster of this sort. -

Mr. DunNE. As part of our preparedness grant effort, the States
are allowed to look into the question of evacuation. I think that decision
will have to be made by the local officials and the Governor rather
than the Federal Government, _

Mr. Brown. Mr. Dunne, I think that is probably as far as we want
to go this morning with you and I will ask for your cooperation in
the event we have missed any significant questions. Could we get a
response in writing from you in that event? . :

Again, I apologize for keeping you this far into the noon hour.
I do very much appreciate your cooperation with the committee and
your excellent testimony. Thank you very much. _

‘[Further written questions were submitted to Mr. Dunne. The
questions and responses are as follows:] :
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‘Question 1, Please submit a statement of the'dollar amounts obligated by HUD
for earthquake work in fiscal years 1974, 1975, 1976, and 1977 (planned). The
statement should be broken:down into major categoriés and further into sub-
categories if this is informative. In-house work should be separated from work
under grants, contracts; or interagency transfers.
~ “In regard to your question on HUD funding for earthquake work, the data
.- on external funding are as follows (there has been no in-house funding)

‘[In thousands of dollars}

. ) Fiscal year— .
Pre-1974 L - Transition o
Categories and-1974 : 1975 ‘19761 quarter 2 1977 2
Disaster h 298 809 360 600

Environmental cglanning and earthquake - .

hazard redu PO A, 3467 . " 300
Estimates. of “earthquake losses........ : 407 R Siesnaneae L
Total “ae Lo y . /. 298 809 360 900

. A-Preliminary.
2 Estimated, )
5 Of this total about $250,000 was expended for earthquake hazard reduction.
Categories were discussed in my testlmony A breakdown into subcategories
would setrve no informational purpose.
Question 2. Please provide.copiés of the FDAA-funded studies of likely dam-

age and casualties from earthquakes mentioned on page 2 of the testimony.
Copies were received and are available for inspection in the Committee offices,

[Whereupon, at 1:15 p.m., the subcommittee was recessed to recon-
vene at 9 a.m. on Wednesday, June 23, 1976.]
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X want to apologize to the witnessés who have beer 1 convemenced
‘a8 a result of the delay of the-meeting of the subcommittee. I wish |
- there were something we could do to make up for it, but fortunately -

- the nature of the business before the Democra,tm Ca‘ us thi mormng
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‘Our first witness this a,szerndon will be Mr. Frank, Press, Dr. Press
is the cha,lrman of the department 6f Earth and planetary sciences
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1n this country. . .
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< " sdignificant  elements. Barthquake prediction is a major new element and the
“rapid progress in this field of research in recent yearsis a major scientific break-
“through, Seismic risk analysis dealing with the assignment of relative risk to
~different regions will impact upon loeal building codes and the siting of major
.. structures such -as huclear power plants and dams. The social, economic, legal
and public policy issues that arige from all of these elements must be con-
.sidered in any comprehensive government policy in this area. I see by the list
-of witnesses that the Committee will receive testimony from experts in all of
‘these .areas, and I will concentrate on my own field of professional interest,
searthquake prediction research. - . :

T'he most advanced countries in earthquake prediction research are China, the
Woviet Union, Japan and:the United States. Mest seismologists'in these countries
agree that precursory physical changes take place in the earth’s.crust prior to
earthquakes and that these changes will eventually form the basis for an operat-
ing earthquake prediction system in many parts of the world, There may be
some disagreement about which premonitory events will prove-t6 be most effec-
tive, but the'general opinion is that several indicators will proveto be significant.

Although the Chinese-state that their program is still in the developmental phase,

they claim to have made several successful predictions. On Februiary 4, 1975 the

Chinese issued a warning five hours’ before -a destructive earthquake of mag-

pitude 7.8 in'd densely populated area:of Liaoning Province of nértheast ‘China.

Ag a result, more than a million people were evacuated from their homes- into

the streets and fields. and tens of thousands of lives were probably saved when
“their homes collapsed. An American team is in China at this time at the invita-

tion of the Chinese and is investigating the details of this‘event. Some informa-,
tion-has-already been released and I will give more details in Appendix ‘I of this
report. EE I i o R FR

. ‘Beginning in 1965, a number of studies commissioned by the Office of Science

and Technology, the Federal Council for Science and Technology and the National

Academy of; Sciences have recommiended that the government undertake a major

research -programi’ with éarthquake prediction as the goal. Theseismologists en-

gaged inm-these studies know that major earthquakes will recur: in the United ~

States-in regions that have become densely populated since the last previous.

oceurrenee, :

They were confident that progress could be made because of the rapid advances
in“the science of weismology and in’ the growing number of reports -from the
" Jaboratory.iand the: fleld that the-physical properties of rocks subjected to stress
change just prior- to the time they. fracture. In the past ‘few years, qualified
scientists in China, the Soviet Union and the United States have reported pre- -
eursory changes prior to earthquakes in seismic velocities, well levels, tide gauge
levels, surface deformation, .electrical and magnetic fields, and radon_ content:
of-well water. Degpite all of the proposals and the obvious progress; the Unitéd
‘States does not have at this moment an adequately funded. research: program. -
. .which would achieve the goal of earthquake prediction: even in limited areas
“oyer the next decade. The total budget for research directly related to the pre-

Atetion goal is five or six million dollars per year. This-includes government and
_mmiversity ‘tesearch. This budget is less than the Department -of Defense was

wpending some ten years ago in seismological research eonnected: with monitoring
@ nuclear test detection treaty (Project VELA). 8o far as the use of sophisticated

methods of digital data-transmission and recording systems, on-line monitoring
" of sbismic events detected by large arrays using dedicated computers,. the: tech-
nology employed today in earthquake research is behind that of Project VELA.
ten years:ago.solely because of the support levels. Considering the potential that
earthquake prediction holds:out for saving large numbers: of livesydt is difficult
to rationalize:the decisions made over the years not.to embark on an'adequately

funded research program. L PR N

““In the specific area of targeted research related to earthquake prediction, a -

national program is needed covering research not only in California and Alaska

but also in-other states and territories where earthquakes pose gerions threats.

My own estimate is that an earthquake prediction budget of some twenty to

twenty-five million dollars per year is needed to achieve an operating prediction

system in the most-dangérous areas in a reasoiiable amount of time. Earthquake
research Tepresents one: of those few situations where such a massive, immediate -

expaniion’of vesearch-can be justified in terms of reduced casualties, and accom-'"
modated by a ‘wealth of under-utilized talent in the universities and. in private
fndustry. Some of the'most outstanding earthquake scientists in the ‘country, who:
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I have already mentioned what I think the level of effort should be for targeted
earthquake prediction research. The recurrence of any one of the great (magni-
tude greater than 8) earthquakes in California today would constitute the
greatest single c¢atastrophe to strike this country in its history. We might take
the case of Los Angeles as an example. Robert Williams, the Director of the Los
Angeles Building Department, reports that 14,000 unreinforced brick and masonry
buildings are presently occupied by 75,000 to 100,000 people in Los Angeles.

When one adds to this the possibilities of reservoir failures, soil liquefaction,
landslides, blocked freeways, ruptured water and gas lines, fire, an unprepared
populace and local, regional and federal government officials wondering who will
do what'in case of a major disaster, one has the elements of an unprecedented
tragedy. A sudden loss potential amounting to tens of thousands of lives and
- tens of billiens of dollars is a possibility. Under such circumstances I don’t believe
-that the American public would accept simple cost benefit analyses as appropriate -
for ‘evaluating the potential payoff of earthquake prediction research. What
‘dollar value would one put on the lives saved? If we can achieve an operating
earthquake prediction capability, one which could duplicate the. Chinese achieve-

‘ment of last year in providing an alert many years in advance and a warning a
~few days to a few hours in advance, the benefits could be enormous. With a

! ‘warning years in advance, weak structures could be strengthened, public educa-

‘tion campaigns could ‘be intensified, emergency plans could be carefully laid out
and rehearsed, disaster relief could be planned and responsibilities assigned. In
the final days or hours, nuclear power plants could be turned down, gas lines
could be turned off, dam levels could be lowered, people could be evacuated from
‘particularly hazardous sites, workers could be sent home, and food and medical
“resources could be distributed. Police and firefighting units could be deployed. It
seems to me that casualties can be reduced enormously by these procedures and
_property damage reduced significantly. )

With respect to the bills before the House of Representatives dealing with
earthquake hazard mitigation, I would like to-commend them all for recognizing
that an adequate research program is needed ‘and a government-wide organiza-
tional plan involving the many agencies that have responsibilities connected
. with earthquake hazards must be set up. I particularly like $-1174 ‘because it

‘emphasizes the necessity for a big push on the research front. It recognizes the
existing research talent in the United States Geological Survey and the National
Science ‘Foundation as well as the relatively unused expertise in the universities
and in private industry. It specifically spells out levels of research support for the
firgt three years, which are adequate to launch the program. H.R. 13845 spells "
out in great detail a government-wide organizational infrastructure for dealing
with earthquake hazards but places insufficient emphasis on the research prog-
ress that is so urgently needed. The support levels specified in the bill are woe-
fully inadequate. Tt seems to me thst it is premature to freeze the government
structure in such detail when we have no idea about the form or capabilities
‘of an operating earthquake prediction system, and when studies are just getting
underway dealing with the social, economie, legal, educational, and public policy
issues éonnected with an earthquake prediction eapability. -

1 thank the Committee for this opportunity to appear before it.

ArrenDix T
[Reprinted from EOS, v. 57, No. 6, June 19761
" HAICHENG AND LOS ANGELES : A ",I;ALE or Two CITIES

Haicheng is a small town of 100,000 population in Liaoning Province of north-
east China. It was totally destroyed in an earthquake of magnitude 7.3 which
occurred on February 4;1975. The epicentral region contained more than 1 million
people. Not far from Haicheng, the southeast portion of'the Liaotung Peninsula

<experienced an uplift of some'5 cm over the previous decade, with a corresponding
subsidence of the northeast end. o LR & o
' The San Andreas fault cuts diagonally across the northeast corner of Los
Angeles County. In a paper published in Science a 'few weeks ago, Robert Castle
of ‘the U.S. Geological Survey reports that an uplift of some 25 cm has occurred
over a region of about 10,000 square km, mostly in Los Angeles County. The axis
of the elliptically shaped uplift coincides with a 150-km stretch of the San
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Andreas fault which broke in the list great earthquake 'in’ southern Galifornia.
an event of magnitude 8 or larger, in 1857,

China experiences :many great eartliquakes and probably has suffered more
earthquake losges than any other country in'the world: However, the Haicheng
shock ‘may well be the most significant earthquake in history, because it
was predicted within a few hours, As a resulf, more than a million people were
evacuated from their homes, and teng of thoasands of Tives were probably saved.
The sequence. of events which led to this achievement are worth reviewing for
the fascinating story that it makes and algo to"bring it to the' attention of °
géophysicists as well as responsible government officialy - iti- Washington and
California. The details were released by Chinese seientists at ‘a° Unegco confer-
ence'in Paris in February of this year,

In 1970, Chinese ‘authorifiés declared Liaoning’ Province to be an important
reégion for earthquake monitoring based on its preceding earthguake history,
its high density of populatlon and its concentration of industry. Teams of pro-
fessional seismologists were orgatized to eairy out premonitory observations and
charged with the task of making predictions; Field investigations included studies
of fault movements;leveling, gravity and magnetic observations, the observation
of “locdl crustal deformation, dnd ‘the installatfon of temporary networks of
seismographs to monitor seismic activity,

During the period: 1970-1974, a preliminary estimaté was made that southern
Liaonitig Province was in danger of suffering a strong earthquake, This inter-
mediate térm prediction wds based on the obvious activity of the principal faults
in-the region, an apparent migration- of strong earthquakes into the region, an
increasing frequency of small earthquakes in’ the magnitude 3 to 4 range, and

2 slow increase in the rate of crustal deforsiation. The' recommendation was
made that all possible earthquake studies. ‘be further enhanced. Observations
at fixed and mobile stations: were strengthened, and thousands of amateur seis-
mologists were dletted during the period July 1973 through October 1974. This
more intensivé investigation revealed that ‘tilting across the Jinzhou fault had
increaged at a rate 20 times the normal one (2.5'mm actosy a 580-mm base line)
in the period: September 1978 to June 1974, Maghetic field anomalies were
detected, ‘and sea level roge on:tidal stations of Liaomng Bay The seismicity of-
~ the entire province increased in 1974, g

It Juné 1974, acting on the basis of the intermediate term prediction of ‘the
‘possibility “of an earthquake within 1 012 ‘years; ‘the Council of State of the
Clitnese ‘government igsued” orders for the strengthening of professional and -
amateur seigmoiegical ‘observations and for the implementation of precautionary‘
measures gainst earthquake hazards. A preparedndss’ Campagin’ was: launched
with the following Tesults i the local provineial government took over the’ leader~
ship of the seismological work, including “the observations of precursors -and’
disaster preparedness measures; The number of professional seismologists: was
increased, and the observations were further strengthened, A public education
campaigh gbout the nature of" earthquakeé and @ t‘r m'itigfation methods w’as* ‘
. implemented :
In-Noveémber 1974 a. végional seismologieal meeting was called to evaluate

the new data:that developed. Tt: was found that the rate of c¢rustal deformation -

and {ilt was aceelerating; and small earthiquake aetivity south: of Haicheng con-
tinued to increasie. In December 1974 a4 great deal of unusual animal behavior
was observed, and'a number of water-wells in the ared bécame muddy and
showed bubblng detivity and level changes. The radon ‘content of ground water
also inereased. A magnitude 4.8 earthquake occurred some:70 km north of Hal-

cheng, which the Chinese interpreted as 4 signal of & forthcoming dangerous .’

earthquake. Provincial officials were alerted, all reservoirs, mine shafts, indus-
trial-plants, and-unsafe buildings were examined, and-some were strengthened
‘Barthquike maneuvers’ were practiced. in some places, involving emergency
measures in hospitals, evacudtion of mines; movement of ‘people, and reduction
of shifts in steel mills to. minimal levels.
- The anomalous: phenomens continued-to build up following this shock. Of &1
wells beifig monitored in the region; 70 percent showed level changes, and 30
- _percent.showed: muddying and bubbling phenomena. In. some places, water
spurted out of the ground. The unusual animal -behayior increased both in
kinds' of. animals and extent of misbehavior, For example, snakes came above
ground and froze to déath—an unprecedented phenomenon, Tilt changes slowed,
and other precursory phenomena reversed in direction, a:sign of -an impending i
earthquake. In mid-January of 1975 at a national sefsmological conference, the
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prediction: interval was narrowed to the first half of 1975, and a magnitude
of 5.5 to 6.0 was specified. On Jahuary 28, an urgent regional meeting was called,
where it. was agreed to further strengthen prediction and precautionary meas-
ures. Psychological preparation of the public for an impending earthquake wasg
undertaken. - :

On February 1 a series of small earthquakes began to show up in a previously
aseismic region near the Yingkou: seismological station. These small tremors
in¢reased from a few in number on February 1 to more than 500 on February 3.
On the basis of these events and other anomalous. precursory phenomena, re-
gional officials notified all provincial centers that a large earthquake was im-
minent, Special precautionary measures were. instituted, and the ‘broad masses
of the people’ were notified to build simple outdoor shelters, to move patients
from hospitals, and to make arrangements for old and weak people. Medical
teams were organized, emergency rescue brigades were alerted, transportation
vehicles were removed from garages and concentrated in specific areas, open
air movies were shown to induce people to leave their homes, and militia men
patrolled the streets to further persuade people to leave their houses. It should
be-noted that the temperature outdoors was —24 C. Special guards were placed
at important office buildings and other structures. The final evacuation order: .
was given at 1400 LT on February 4.

The earthquake occurred at 1936 LT on February 4. Its magnitude was 7.3.
About 50 percent of the houses in the epicentral region were either badly dam-
aged or destroyed. In some districts, 90 percent of the houses and structures col-
lapsed. Perhaps 250 to 300 people were killed, a remarkably light figure compared
to the tens of thousands of deaths that might have occurred. :

‘Although not mentioned in the report, it seems as if there was a false alarm -
in the latter half-of 1974. . :

The Chinese reached the following conclusions from their experience. A short-
term earthquake prediction capability, within 24 hours of the event, is important. .
Prior to the earthquake, intensive mass education and mobilization together with
strengthening of buildings, disaster relief planning, and, finally, evacuation
of weak structures are the essence of reducing losses from earthquakes. Chinese
society differs from ours, and their ideas and experience with disaster mitigation,
though provocative, may not be directly transferable,

It is too soon to assess the American response to the worrisome uplift on the
San: Andreas fault. The region of concern is not very well instrumented with :
seismographs, tiltmeters, magnetometers, water well level indiecators, radon moni-
tors, or crustal deformation sensors. According to the New York Times of March .
23, -seismic researchers in. southern California claim that their work is being
slowed by insufficient budgets. A Los Angeles municipal building official warned
that-about 14,000 unreinforced masonry buildings did not meet the most up-tos -
date. earthquake reinforcement standards and would be severely battered by -
a -major earthquake. More than 75,000 people, many of them poor, live in these
structures. The Director of the U.8. Geological Survey, Vincent E. McKelvey,
flew to Sacramento to brief senior state officials about the new data. An official |
in-the state’s Office of Hmergency Service is reported to have said, “We're re-
garding this as a good deal more significant than a scientific curiosity.”

One would hope that these are beginning indications of an intensive effort
to gather more data and to embark on a program of public education and disaster
planning. Whether the bulge is a true precursor of a great disaster or not, these
precautionary measures will not be in vain. The San Andreas fault will undoubt-
edly rupture again, and investments made today will reap dividends in the form -
. of reduced casualties and losses whenever the earthquake occurs.

STATEMENT OF FRANK PRESS, CHATIRMAN, DEPARTMENT OF
EARTH AND PLANETARY SCIENCES, MIT

'Dr. Press. Let me summarize my remarks since you do have the full
text and we can save time that way. In your letter of invitation you
did indicate there were several specific questions you were particu-
larly interested in, and let me dwell on those in my summary. First, let
me say that the earthquake problem has many components and from
your witness list I can see that you are covering all of them, those




dealing with engineering, with seismic risk analysis, with public pol-

- icy questions and socioeconomic questions and so forth. And so I will
concentrate on my own field of earthquake prediction.

The most advanced countries in earthquake prediction research are

China, the Soviet Union, Japan, and the United States. Most seis-

~ mologists in these countries agree that precursory physical changes

“take place in the Earth’s crust prior to earthquakes and that these

. changes will eventually form the basis for an operating earthquake
prediction system in many parts of the world. There may be some dis-
agreement about which premonitory events will prove to be most ef-
fective, but the general opinion is that several indicators will prove
‘to be significant. R ~ s :
Although the Chinese state that their program is still in the devel-
opmental phase, they claim to have several successful predictions.
‘On February 4, 1975, the Chinese issued a warning 5 hours before-a
~ destructive earthquake of magnitude 7,3 in a densely populated area of
~ Liaoning Province of northeast China. Our best estimate is that as a
result of that prediction many tens of thousands of lives were saved
because the people moved out of their houses before they were dev-
astated. o i - S : ‘ ~
Proposals to conduct earthquaké prediction research in this country
are more than 10 years old now, the first one going back to the Office
~of Science and Technology in 1965, a report triggered by the great
‘Alaskan earthquake of 'the preceding year, and then subsequent re-
ports of the FCST and the National Academy of Sciences. The ex-
. perts have all agreed in these reports that we should embark on a
~ major program in earthquake prediction. The need is great in terms of
lives saved and the technology has advanced enough to embark produc-
_tively onsucha program. =~ BTN
At the present time the total budget is of the order of $5 million
~or $6 million per year in the specific area of earthquake prediction. It
_is interesting to me—1I still fail to understand it—that 10 years ago
the Defense Department was spending more on seismology connected
. with Project LA, a project to detect nuclear -explosions, than we
are spending today in real dollars. And their technology, invelving
computers, digital telemetry systems, seismic arrays, on line analysis
is more advanced than we can afford today with our present funding
_for earthquake prediction. - G T el
My own estimate is that an ‘earthquake prediction budget of some
- $20 million to $25 million per year is needed to achieve an. operating

- system in the most dangerous areas such as in California ina reason- -

* able amount of time. petiet el s S s
This kind of research is one of the few areas where I think the need

is great in terms of reduction of‘casualties-and also it is one of those

few areas where there is a wealth of unutilized talent in industry
~ and in universities that could make a tremendous contribution. G
-~ But these people are not now involved simply because of the in- -
ability of theEU. . Geological Survey and NSF to provide support for
~ them. T can, if you wish, give you a breakdown of a reasonable budget.
It is not a number out of the air, but one based on much thought by
~ interested and knowledgeable people. SR
Mr. Browx. I would a}ixprecmte your giving it if youcan. -
~ Dr.Press. Would you likeme todoitnowt = =~ '
 76-649—T6——10 TR TR
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Mr. Brown. Yes, if you can. .
~ Dr. Press. Let me give you the budget items:

DEDICATED COMPUTER WITH NECESSARY TELEMETRY, $4 MILLION
. PER YEAR

At the present time the data acquisition system in the present earth-
quake prediction operation is absolutely primitive The data are ana-
lyzed based on photographic records primarily by individuals looking
at each record. And T would say that 80 percent of the information is
Tost because this is an unproductive and inefficient way to analyze
the data. The people who are doing this analysis know how to do it
better. They can design a state-of-the-art system, but they cannot
afford to do'it at their present level of budgeting.

‘What we should have and what we had 10 years ago in Project
VELA was a dedicated computer receiving digital information from
thousands of sensors by modern telemetry techniques. The computer
scans all of these sensors and makes instantaneous analyses of what is
going on over an immense geographic area and can get out of the data
100 percent of its content rather than the inefficient 10 or 20 percent
we are now getting.

INSTRUMENT DEVELOPMENT, $3 MILLION PER YEAR

Within industry, within the universities, we have ideas for improv-
ing the sensors that are now being used to monitor surface deformation
of the ground, electromagnetic fields, tilt meters with long term sta-
bility which is important for forecasting the largest earthquakes,
gravity meters designed to measure deformation of the Earth’s sur-
face and so on. The talent exists to undertake this kind of develop-
ment immediately. : ‘

EXTENSION OF NETWORKS, $9 MILLION PER YEAR (CAPITAL AND OPERATING
COSTS) )

At the present time, for example, even in the State of California,
.our most intensively monitored State in terms of sensors in the ground,
a good portion of this State is not monitored at all. :

For example in the region of the Palmdale uplift which has been
brought to our attention lately, until next year the density of instru-
ments is embarrassingly small. !

Alaska and Puerto Rico are two regions in great danger of earth-
quakes, but with a negligible monitoring capability. The area east of
the Rocky Mountains, as you know by looking at the chart to my
right, is an area that is subject to severe earthquakes, not as frequently
as the western States, but dangerous ones nevertheless with extensive
areas of damage. Essentially, except for a few spots, it is unmonitored
in terms of viable earthquake prediction research. For extension of
networks I propose for California $3 million, for Puerto Rico and
Alaska $3 million and for States other than éa’lifomia and Alaska,
$3. million. ,
FOREIGN DATA ACQUISITION, $5 MILLION

If we want to maximize the efficiency of our prediction program,
we should be studying as many earthquakes as possible, as rapidly as
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ossible, to build up our experience and to build up the number of case

istories of successful predictions.. . ' , :

There are other countries in the world, like Turkey, Japan, U.S.S.R,,

- Iran, and China, which have even more severe earthquake problems
than we do. These countries have morefrequent earthquakes than the:
United ‘States and by gathering data in cooperation with“the rest of:

~ the world we can obtain data and gain experience more rapidly than

* by restricting our field résearch to our own;territory. « ., o

And so I would propose that in this sense our research program be

‘truly international. I am sure these countries would welcome our co-

operation and would welcome anything we can do for them and at

the éame time helping ourselves. - : PRSI . :

BASIC RESEARCH $3.5 MILLION PER YEAR, INCLUDING $1 MILLION FOR
. LABORATORY STUDIES. . . e

Studies of why rocks fracture when they are stressed ; $2 million for -
studies of the mechanism of earthquakes, induced earthquakes, man- . -
made earthquakes, to:learn more about the mechanism so we can pre-
dict them better; $0.5 million:for numeriecal modeling... ., o

If you add these figuresup I think you would see that they are in

“the range I quoted in.my report submitted earlier. . o

* You ask me to comment on the level of prediction science in certain |
countries. The Russians have a major program and it is to their credit
that the field discovery of major precursors like velosity changes and

.- surface deformation were made by their scientists, = =~
It is a measure of their interest in intérnational cooperation that
they shared their results fully with us, My impression is that the Rus-
. sians do not yet have an operating system but they ave actively push-
* ing ahead with their research. Their research is different from ours, -
and perhaps stronger, in that they cover thore geogiaphie areas. We -
have concentrated on California, because of our present budget limita-
tions. The Soviets have programs in central Asia, the Cancuses, and
the Far East, In fact their main criticismis that we concentrate too
much in one place, that is central Californ: RN SRR

The Chinese have perhaps the most ambitious and the newest pre-
gram of earthquake resedrch in the world. The Chinese strategy iseasy
to understand. They are thie one country in the world that probably -
<could suffer 1 million people killed in & single earthquake, In faet, just
about that many Chinese were killed in one great earthquake inthe 16th
. century. The great population ;de-nsity'ang, the traditional primitive,
- 'building practices combiné to make the human loss potential very high.
. The Chinese strategy is not to rebuild orstrengthen all of the houses.

for theit huge population. Rather they attempt. -get the people out of
the hotises  hours before the earthquake occurs, save all of these lives,
-and then rebuild with proper earthquake-resistant design. . i
- You asked nie'to comment on the. Chinese use of amatenrs which is’
& _rather unique .thing we:discovered when we visited China: The:

‘Chinese nise tens.of thousands of aniateurs in their prediction program,
in a number of different mode: teurs are used to educate the public
by giving lecturés'in their urb

‘ urban and rural-communities. Amateurs are
*used then to mohitor instruments put in place by scientists, and have
©. -also developed their own instruments, reporting the results to the local -
sscientific laboratory. - IR T S R
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I don’t believe that this aspect of the Chinese system is readily
transferable to our society. I think in terms of public education, with-
television, radio, newspapers, and schools, that we have ample means
for mass communication. So far as using amateurs to monitor instru-
‘ments, I think it is much cheaper and more reliable with our electronic
technology to do this by remote telemetry. It would be cheaper and
more reliable. ‘ ' : '

Therefore, although the Chinese system of amateurs is a fascinating
one, it works for them in a way that it might not work for us.

You have ‘asked me to comment on induced earthquakes. Let me
simply say that there is'no question that man can actually trigger
earthquakes by the injection of fluid in deep holes and by constructing
dams on fracture systems and having the dams indirectly induce the
edrthquakes."~ ' e - ‘ '

I think this kind of research should be supported for the reason that
it will help us to understand earthquakes better. It will help us design

dams with the possibility of triggering earthquakes in mind, but I am
not sure that we are ready to talk about earthquake modification, that -
is defusing earthquakes and preventing them by releasing strain. That
is something for future generations but:I would say that research in
this area is justified for the reasons I have given. . ‘ ;

Let me conclude by saying that when I think in terms of the po-
tential casualties of our most densely populated regions, and when I
.- remember the statement by the director of the Los Angeles building
department that he has 14,000 unreinforced brick and masonry build-
. ings which would be seriously damaged if not devastated, and that
these buildings are occupied by 75,000 to 100,000 people, most of them
poor and old, when T add to this the possibility of reservoir failure, soil
. lquefaction, blocked freeways, rupttred water and gas lines, fire, un-
prepared populace, when I note that buildings supposedly designed ac-
cording to the current earthquake building code were severely dam-
aged in the San Fernando earthquake, when I take all of this into -
account, I conclude we have the potential for one of the major disasters
in American history. I think we would not be living up to our respon-
sibilities as citizens not to bring this great danger to your attention.

‘Mr. Browx. Thank you very much, Dr. Press. I think your state- .
ment is an excellent contribution to our subcommittee’s analysis of this
- legislation. , ‘

You have had the opportunity te be in close touch with the Chi-
nese .on this matter of earthquake prediction and resulting actions.
And you have indicated in your statement some of the reasons for the
Chinese handling of this. Could you elaborate a, little bit more on the
reagons why the Chinese have apparently made greater advances in
this rather esoteric field than a highly developed scientific. country -
like the United States? Are they depending upon folk knowledge to
.. develop a theory of earthquake occurrence or how do you explain this
great progress that they havemade? o ;

Dr. Press. It is a big country, it is a great country. It has-a lot of
people and for that reason it has an enormous potential. If they think
a problem area is important they can’deploy the needed resources
and mount a major effort. The »C%f’linese apparently have recognized
the great danger of earthquakes and they have decided to give predic-
tion research a very high priority. Chinese scientists scanned the




wworld literature and studied.what was being done in Japan and the .
Soviet Union and in this country. They were conversant with the most
_recent advances that have been accomplished all over the world. And
rather than starting from scratch, they simply built upon:all of the
- discoveries made elsewhere. .. S RN N -

% As a result they have deployed networksoflnstruments, with strong

" tesemblance to

o - history. might be equal to 30 years of ‘American h

‘ ‘Soviet and American instruments. They have also

" . made some developments on their own. Their program is:ag'good as it
is simply because of the level of effort and the number of people in-
_ volved and the resources they have putintoit. .~ ... .~ - - ‘V

- The Chinese do not have computers in widespread use and that is
very inhibiting to their program. They have many moreearthquakes, -

. perhapsg, 10 times the number we do, and therefore can gather data 10
~times:more rapidly than we can. Three years of Chinese earthquake
istory in terms of

gathering data. That is why T spoke in terms of international cooper-

" .ation to enhance our program. To summarize, the Chinese may have

~ had more experience with prediction of large earthquakes than we do
- gimply because they have deployed instruments, and experience more

earthquakes. - T T DT T et T T

Mr. Browx: What about the training of competent professionals?
In certain areas we are familiar with, nuclear development and
TOBM’s, we know that they progressed because of being able to utilize
Western trained scientists, some of them trained at Cal Tech and possi-
bly. MIT. Is theré any indication that they have been able to train

. “qualified professionals in this area to-the level of competence that

ek ‘would be réquired or are they relying upon Western trained pexsonnel
~herealso? v ol o P

o data directly into computers.

Dr. Pruss. That is'a’fascinating question which T have thought long
about. Tt is something that the China experts in this country are puz-
zling about: As you know during the cultural revolution, a period last-
- ing some 6 years, university education ‘was essentially closed down.
Mr. Browx. These 6 years were the period of most rapid develop-
‘ment inthisfield? -~ oo ' ey ‘ ‘

Dr. Press. The latter part of the period, yes. The Chinese embarked

. upon a system of training-scientists, different from our system of
- graduate schools. There are no Ph. D.’s being produced in China. An

 apprentice system apparently is used in which a college graduate
coois asslﬁlned“to a research laboratory and works with a more senior per-
son, who directs his reading and research. It is:the way, I suppose, we -

“used to train lawyers in' this country before we had law schools; -

namely, by ‘apprenticing -%;mn‘ -students to law firms. - oo o
 The world is watching the Chiriese experiment to see whether it will

 work.In our visit to the laboratories of China.I can:simply tell you = -

that we saw modern instruments ‘which were being maintained prop-
erly. We saw geodetic laser devices of Chinese manufacture. They
‘were working on modern telemetry systems to eventually bring seismic

- Weusaw a seismograph factory which was th
“‘ever seen, a huge place turning out large numbe

~ “ments: In the early fiftiesithe Russians tr R
* . geophysicists and geologists, providing:a dation on which to
~build.-The Chinese read Western languages and have access to all.of -
‘our publications. N R AR

biggest

ern instru-

one T have
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" So it is not as if they are operating in the dark. They can build
upon our accomplishments and make their own advances as well.
. Mr. Browx. Do they have the kind of sophisticated measuring equip-
ment and type meters that we seem to have here$ -

Dr. Press. In laboratory rock mechanics it was our impression that.
_they were getting underway, using primitive equipment and methods.
They were extremely interested in our experts in rock mechanics-and

warted intimate details about laboratory methods in rock mechanies.
' We can surmise that they will move ahead strongly in the laboratory
areas. In the kinds of 1nstruments’ other 'than seismometers, it was
m{ own impression that they were behind us. But again this is such
a high-priority area that I am sure they will ciitch up. '
~ Mr, BrowN. You mentioned one or two items of Chinese origin
which seemed to be unique to the Chinese culture and that was their
use of certain ‘4nomaliés in the animal behavior and of course their
monitoring of the behavior of water wells, which puzzles me a little—
these are deep wells or relatively shallow wells? But the point is,.
however, does this combination of what seems to be unique to Chinese
culture add up to a special contribution in this area which other:
countries or other cultures have not been using? : :

Dr. Press. I think the answer is “yes.” The idea of using well level
changes is modern technology. Modern theories of earthquake precur-
sors predict that wells in' the vicinity of a forthcoming earthquake
will show level changes because the water level reflects changes in the
perlllgeability of crustal rocks, as microeracks develop prior to an earth-
quake. ‘ ;

Mr. BrowN. Would that also reflect changes in ground levels suchs
as the Palmdale fault? Would that be reflected in a raising of the
bottom of a well ¢ : ' I
“ Dr. Press. They are both ‘indirectly possibly related to the same
physical changes in the crust prior to the actual earthquake. The Chi-
nese use both gedicated wells which-are somewhat deepeér on the order
of 100 or more meters that are drilled for scientific purposes, and
they make extensive use of the large number of irrigation wells that:
they normally have drilled for agriculture..

It is a tricky business because when water is withdrawn from the
ground for irrigation and if at the same time the well is supposed to-
monitor possible changes before an'earthquake, interference may
occur and spurious signals could bereported. : '

However, the' Chinese, by ‘averaging over a large number of wells—
in one region they were averaging data from 75 wells in a limited
area—might increase the signal compared to a noise:of the agricul-
tural fluctuations. It is a good idea, something we should try. I think
the Chinese are monitoring hundreds of wells. T believe in this‘country,.
for the purpose of earthquake prediction, only one or two wellg are

" being monitored. ! Cemhe Tk
" Mr. BrownN. What about the animal anomalies ?

Dr. Press. Again, this is a traditional Chinese tool that goes back:

a thousand or more years. The Chinese keep good chronicles of their-

- history and you can find earthquake reports going-back 2,500 years
citing anomalous animal behavior. This is the question: Do animals
sense & precursory chemical or physical change in:the environment
that our instruments have not detected? Let me tell you about the
evolution of my own thinking. ‘ RS ;
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At first, T was extremely suspicious. Tt was folk mythology. It was
consistent with, Maoist philosophy that the intellectual has’much to -
learn from the innate wisdom of the peasant, that the peasant has
something to tell the scientist and can teach him a great deal. And so
it 'was consistent with their political philosophy'to seientifically en-
dorse aniomalous animal behavior, a peasant method, as an earthquake
precursor: But has it been tested under controlled: conditions? How
‘many times hag“animal misbéhavior been récorded and not followed
by an earthquake? Perhaps we only hear of the successful stories.

On the otlier hand, when one thinks gbout it, there could be a num-
ber of things happening that animals might be'sensitive to that we are
not even measuring. It may be that Chinese peasant wisdom may be

able to teach us something. - = : SR PR

I propose that we do look into animal behavior as4 science research

project and see if there is anything in it. We hdve an American dele-
- gation in China at this very moment looking at the methods the

%)hines‘e used to predict that great earthquake of 2 years ago and our

sople will look into the Chinese reports of ‘anomalous animal be-

avior, which for this great earthquake are truly astounding. -

For example, they reported that snakes came out of the ground
prior to the February earthquake, with temperatures20 degrees below
zero, and froze to death on the ice. This had never been seen in the -
region. i S g
- Mr. Brown. Everyone knows you can drive worms out ‘of the
ﬁround by putting a stick in and vibrating it. Maybe ‘the same. thing

appens here. - S R

Dr. Press. It could be. Or the water table might go up and.drive -
snakes out of the ground. The Russians and Chinese report that the
appearance of radon in well water is associated with the future oecur-
rence of earthquakes. Radon can ionize the atmosphere and produce
ozone and animals are extremely sensitive to ozone. So one-can think
of a number of things that we are not measuring but that the animals

might sense. M n T R ,‘ o

Mr. Browx. Can you explain to'me in simple terins this radon phe-
~_nomenon? I am not sure I'undetstand how the changés in radon level =
oeeurs o o e o e e
- Dr. Press, This is 2 method that was discovered by the Russians and
what they did was monitor changes in the radon activity in ‘water,
finding-that prior to an earthquake,.the radon ‘coritent increases. =
- One theory to explain this'is the following. As‘the stress buildsup
prior to-the earthquake, cracks develop in the crustal rocks and it is
the accumulation of these eracks and their localization below the fault -

which eventually results in the earthquake, =~ -0 v v

Now these eracks inerease the access of water to the rock which is -
normally radioactive. So when you think of a rock that is uncracked
or cracked relatively little, the water that flows through that roek
sees ‘very little of the internal surfaces of the rock. But onee that

- rock develops large numbers of cracks, the water flowing through ©

- has dccess to- more of the uranium naturally vontained in the crust,

one of whose radioactive decay products is radon. Thus, it is”essens'

tially the cracking of the rock whicleprovidesmecess of water-to radon.

This is just a t‘h,"but I think it 1s o pretty good one. = v 7
‘Mr. Brown. Mr. Goldwater, do you have any questions? -~ =7
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Mr. Gorpwarter. Yes, Mr. Chairman. Let me just make one observa-
tion which I hesitate to make but I think it needs to be made. Due to
the Democratic caucus this morning, this has put me in a very difficult
situation. I have a very keen interest in this legislation and the list of
witnesses-that are scheduled to be here. At 1 o’clock, I am scheduled
for a conference in the Senate on another piece of legislation that the -
gentleman also has an interest in. And because of this mismanagement
of our time due to the other party, I am in a situation where I will not
be able to participate today in these hearings. I am deprived of listen- -
ing to these fine witnesses for which T had prepared myself with dialog
and knowledge. I had an opportunity to read Dr. Press’s article and
there were questions I wanted to raise. I think it is very unfortunate -
and untimely. I am hopeful we don’t have to have this same kind of
thing happenagain, . ' ‘

.Dr.; Press, when we talk about cracks in the surface of the rocks,
how big are these cracks? : :
-Dr. Press. That is a good question and it is one of the things that
we really would like to look into. These are cracks in rocks many
kilometers below the surface so they are not directly accessible. I
would say these cracks are very small, in fact some of them only visible
through a microscope, but occur in huge numbers. As the stress builds
up prior to the earthquake, some of these cracks might coalesce and
grow in size and become quite large, in meters or even kilometers, in

the process of forming a new fault. :

Mr. GorowaTer. Is the theory of plate tectonics fairly widely ac-
cepted by the community of geologists or experts, people who study
earthqualkes? ‘ - : o , .

Dr. Prrss. T don’t think we have ever taken a vote but T would be
amagzed if less than 90 percent of the geologists-and geophysicists in
this country did not accept-it as the most important geological hy-

. pothesis.of the century. ' ;
Mr. Gorpwater. T notice in your article there was a graph or pic-
_ture depicting all of the epicenters and they all seem to fall along the
edges of these plates. Is there something in common about the sur-
faces or the edges of these plates that make them susceptible to creating
this kind of resistance that eventually would create an earthquake?

Dr. Press. Yes. Just imagine these dozen or so plates over the
world, all in continuous motion, The boundaries are where the plates
are actually rubbing one against .the other. The stress due to these
motions tend to build up in time because of frictional effects, only to
lge_released suddenly in a great earthquake when the frictional bond
breaks. :

There are many serious earthquakes, which occur within plates,
although 90 percent or so of earthquakes happen at plate boundaries.
I would say because of plate tectonics theory we have a better under- -
standing of earthquakes in California which is a plate boundary, but
we cannot as yet explain why earthquakes occur in the rest of the
continental United States, :

‘Mr. Gorpwater, Does the San Andreas Fault represent:a plate
boundary ? ' - :

. Dr. Press. There are-some people in California whose living rooms
sit astride the boundary between the huge American plate and the huge
Pacific plate. The San Andreas Fault 1s the plate boundary between
two of the greatest plates on earth.
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. Mr. Gotpwarsr, How do you-explain the earthquakes that happen
‘within a plate,ordoyou? = ' e T

Dr. Press. I wish: I knew. It would help me. with an ea;tthuake T |

prediction strategy for the rest of the country if I understood that.
Mr. Gorvwater. In your article you discussed the twe principal

models that K?u see.being used and the question of which to use as a
- base line in this predictable earthquak g&ort;l don’t quite understand
the difference between those two models and why they are important.

Dr. Pruss. You are talking about the Sovietinodel and the American
model ¢ That paper was written 2 years ago and some American

scientists are beginning to look at the Soviet model as more fitting of

. - the data, so I am not sure I would call it a Soviet-and American model.

" " Let us call it model 1 and model 2. Both models deal with the dilatancy
_in rocks, that is the internal cracks which develop in rock just prior
to rupture. That is something you can measure in the laboratory.
When you squeeze a rock, it expands in size because of all the.little
cracks that epen uﬁ, T YR . : ,

~ In model 1-(which used to be the American model), when these
eracks develop and dilatancy oceurs, the rocks have an enhanced ability
“to hold more fluid because there are more voids and so the rocks be-
come more fluid because there are more voids and so the rocks become

- seimsaturated: And because of the dryness, the frictional:contact
,Eﬁtmaeilz the walls of the cracks is increased; actually strengthening -

e rock. G e A I

When that happens, water flows in gradually over a period of time
from distant regions and fills these newly expanded cracks. The rock is
now weaker, triggering the earthquake. Model 2 does not depend on

- the flow of fluids into the dilatant region. Instead, the number of cracks

‘build up, gradually at first and then more rapidly as the earthquake
‘approaches. Finally, an avalanche of crackipgj;de;v;elcﬁs inthe crust
until the cracks all become coalesced along the fault, which gives way
“and triggers the earthquake. - - e e g

~Theso are the two models, both involving dilatancy. Model 1 sug-

- gests that fluids play an important role; model 2 implies that it is the
continued increase in cracking that isimportant. -~ . .
Mr. GoLowater. When you talk about the two models that have
been proposed, do you propose that we study these two models? You
_call them models so.I would interpret thatto mean something that you :
‘are going to create as a baseline or at:-least a fundamental starting
point in our using it as a base to make predictionson, ‘ '

0

Dr. Press. One can proceed in a number of ways. I think.thé-i Chinese

“attitude toward this 1s that they don’t think in terms of theories or :

explanations. They are looking . for precursors. Whatever -works,
.works. They will try lots of things mgbuﬂdup statistical -validity
by having a lot of cases. ’ R e e Y
It is our attitude that it is not enough to proceed empirically. If we'
really want to- have confidence in what we are doing we should have
models or theories to check out. If we embrace empiricism, just trying
.what works, without a real understanding of what works, we will each
- have confidence that what we are doing is right. e LT
.~ 'We have these two models or working hypotheses, and you can be
sure that in. our predietion résearch we will be testing each of them to
_see which is right. It may be that onthe San Andreas Fault, neither
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will be applicable whereas in central Asia one would work very well.
So I think in our own program we would like to look for things that
‘work but also try to understand why they work by checking them out
against theories, the ones mentioned and others which will come along.
er.2 GoLpwater. Are we anywhere close to having these models in
place? ‘ ’

Dr. Press. You mean validating one model with the other? I don’t
think so. I can think of a number of experiments that can be designed
:tEg telst the models, for example studying well levels on the San Andreas

ault., ’ - : .

Mr. GorpwaTer. Thank you, Mr. Chairman. ; ;

Mr. Brown. Thank you, Mr. Goldwater, and may T say that T share
your chagrin about the disturbance in our schedule. I Tecognize the
unsatisfactory natire of these proceedings.

Mr. GoLowaTEr. It is unfortunate Mr. Chairman that I will have to
g0 to the other conference. Aren’t you 9 conferee on that also?

Mr. Brown. Yes, I am a conferee also. The chairman of the sub-
-committee expects to be here as quickly as he can and I thought I would
«continue the hearing. : o

Mr. Gorpwarter. I apologize to the witnesses. I had really looked
forward to listening. I will read your statements.

Mr. Brown. Dr. Press, just another question or two. You gave us a
tentative budget for a 1-year period. May I assume that you anticipate
that a similar level of expenditures over a multiyear period would be
in order and that costs, say, for the initial capital costs of computers,
telemetry and the network systems would then be replaced by operat-
ing costsafter the systems are deployed ¢

' Dr. Pruss. I should have specified that. I am sorry. I agree with
‘what you have just said. L

Mr. Brown. You mentioned that project VELA had been budgeted
at a larger amount than the current amount we are spending on earth-
<quake research and prediction. Of course there is an ongoing program
within ERDA and possibly Defense Department to monitor under-
ground nuclear explosions and to develop more sophisticated tech-
nologies in this area. Is that type of technology substantially trans-
ferable to some of the purposes of earthquake monitoring ? _

And secondly, as far as you know, is the basic instrumentation moni-
toring and so forth in these areas open literature so that it would be
. available forresearch in the earthquake field ¢ : '

Dr. Press. To take the last question firgt, I think it is available. I
think the whole American seismological community owes its present
technical capabilities to Project VELA. This project did support a lot
of work, much of which has been finished and I would say successfully
finished. In terms of instruments, I think the biggest thing we can
learn from Project VELA is what I alluded to earlier, the idea of
telemetry and the idea of online computers scanning large numbers of
sensors automatically, detecting earthquakes, getting their magnitudes
and locations, determining changes in crustal velocities, looking for
changes in spectra of different events or repeated events in an area,
doing all of this online, automatically. Tilt meter data, well level data,
could be incorporated. We know how to do this. It is a matter of giving
this program sufficient priority so that it can be undertaken. .

"~ Mr. Brown. It seems to me that in principle this is not much dif-
ferent from our monitoring network for the space program. We are




 ‘here using remote telemetry and large-scale computers as, for example,
- Wwe use to monitor the present Mars program and even more extensivly
probably on the lunar programs, .~ . T
- Dr. Press. ¥-think what I am describing is something that is being
- done in a'number of different fields. It is geing done in the space pro-
.gram where many instruments are being monitored. The idea of large
-computers dedicated to a project is in widespread use. The Weather
Bureau’s use of computers is'a familiar example. ~ »
It has several large dedicated computers. s R ool
Mr. Browx. Dr. Press, T very much appreciate your testimony, I
-understand you have certain time requirements also. I am sure there
. would be other questions we would like to ask but with your permis-
- sion we will submit them to you in writing. We will look forward to
further contact with you on this subject. T want to thank you again
very much for your consideration in remaining here despite the delay

- and interruption in schedule. S

‘h‘i,Dr. Prrss. I appreciate the invitation and this opportunity to be
© - here. - ‘ Fod et I,

[Further questions in written form were forwarded to Dr. Press.
‘The questions and responses follow:]. . = :

BARTHQUAKE QUESTIONS FoR DB. FRANK PRESS

" Question 1. Have you drawn up a budget of how the $20-25 million per year . -
- 2you suggest for earthquake prediction should be used? If so, please provide the -
Subcommittee with a copy. If not, how did you'arrive at the figure? - o
Answer. This question was asked by Congressman Brown, and I replied to him
» -orally and'will not repeat the answerhere, .~ .~ = .-

Question 2, From your knowledge as a member of the NSF advisory commit-
tee and the “Ramo Committee” would you comment on the NSF-USGS research
‘plan and any other plans-the Executive branch may have for earthquake work.

: _Answer. In my opinion, the research plans of the. NSF and USGS for the years.
. 1978 through 1977 have been inadequate when measured against'the national need
. -and the new opportunities for rapid progress. For the years 1973 through 1976,
~ the USGS budget in earthquake hazard mitigation has been constant. For 1977,
‘the budget request was down from $11.3 to $10.5 million. A special add-on of $2.4
. million for the Palmdale uplift places the agency $1.6.million ahead of its fiscal
-year 76 level, even though more than $2 million is needed: to instrument and .
analyze the;data from the Palmdale wuplift. This means the USGS will have
- to cut earthquake studies in other parts of California in order to properly in-
" strument the Palmdale uplift. Playing musical chairs-on the San Andreas fault is
‘not my idea of adequate planning. T hasten to add that at the working level, the.
-scientists of the USGS have planned more ambitious programs, have incorporated
-advice from university and industrial scientists, and regret the lack of support -
«for their program exceedingly. The inadequate plan and the lack of far-sighted-:
- ness is the responsibility of senior officials in the Department of Interior. L

Question 3. On page 8 of your testimony you refer to “federal -officials wonder- -

. ing who will do what in case of a major. disaster.” Are you familiar with work

- -of the Federal Disaster Assistance Administration, the Federal Preparedness
-Agency, and the Defense Civil Preparedness Agency? How does your knowledge.,
'of those agencies square with the implication just queted that federal prepara-’
tions would be inadequate? - . St ool s den o L

Answer. A government-wide organization plan for earthquake hazard mitiga-

‘tion, of the kind referred to in the Mosher bill, should have been forthcoming
from HUD and FDAA, but no action has been taken by the agencies which have
responsibilities in this area, There .is_no,‘,Vi‘sible,tesearc%g%) m in the areas -

~of earthquak lifaz"ard, mitigation by HUD or FDAA..HUD i directly or in- -
«directly. responsible for tens of billions of dolla annual construction, but
seems singularly unconcerned, with earthquake hazard mitigation. The enabling
_legislation for FDAA provides for progranis’in hazard mitigation, but .

| this agency refuses to participate in prediction research. = , .
Question 4. At what stage of reliability should ‘official earthquake predictions,
in your mind, first be mdde? ‘What are the pros and cons of a) risking a false




140

alarm and b) failing to make a prediction of an earthquake that occurs (assum-
ing there are precursory signs) ?

Answer. The social, economic and public policy implications of earthquake
prediction technology are as important for researching as is earthquake predic-
tion itself. An adequate hazard mitigation research program must include such
questions as those addressed here. It seems to me that field surveys of individuals, '

corporate managers, and public officials ascertaining their response to predic- . .

tions of varying reliability and false alarms could be carried out so that proper
answers can be given to these questions. The feasibility and the value of public
education campaigns could be analyzeéd. The economic iniplications of low and -
high reliability predictions and false alarms could be: studied in parallel with
earthquake prediction research. The legal and public policy questions could
be looked into. The understanding and experience that would flow from such
research would enable us to provide adequate answers to this ‘question.

Mr. Brown. Our next witness this afternoon is Dr. Clarence Allen
of the Department of Geology and Geophysics, California Institute
of Technology. : o :

PDr. Allen, I extend to you the same apologies that I made to Dr.

ress. = S S .

[A brief biographical sketch of Dr. Clarence Allen and Dr. Allen’s -
prepared testimony follow :] i :

Dr. CLARENCE R[ODERIC] ALLEN

Born 15 February 1925, Palo Alto, California.

Public schools, Claremont, Calif.; B.A. (Physics), Reed College, 1949; M.S.
(Geophysics), Calif. Inst. Technology, 1951; Ph.D. (Structural Geology and
Geophysics), Calif. Inst. Technology, 1954.

1st Lt., USAAF, 1943-46 (B-29 Navigator, Far Bast) ; Asst. Prof. of Geology,
Univ. of Minn., 1954-55 ; Asst: Prof. of Geology, Calif. Inst. Technology, 1955-59 ;
Assoc. Prof., 1959-64; Prof. of Geology and Geophysics, 1964— ; Interim Di-
rector; Seismological Lab., 1965-67; Acting Chmn., Div. of ‘Geological Sciences,.
1967-68 ; Chmn. of the Faculty, 1970-71. N ‘ B i

-Member : Am. Assoc. for the Advancement of Science ; Am. Assoc. of Petroleumr
Geologists; Am. Assoc. of University Professors; Am. Geophysical Union (Fel-
low) ; Assoc. of Engineering Geologists; Barthquake Engineering Research
Inst. (Fellow) ; Geological Soc. of America (Fellow); Phi Beta Kappa; Seis-
mological Soc. of Am.; Soc. of Exploration Geophysicists; Structural Engineers:
Assoc. of Southern California. , '

Registered Geologist, Certified Engineering Geologist, and Registered Geo-
physicist, State of California. ' ;

Consulting Board for Barthquake Analysis,” Calif. Dept. Water Resources,
1963— “(Chmn., 1965-74) ; Barthquake studies Advisory Panel, U. S. Geologi-
cal Survey, 1965-75; Nat. Science Foundation, Earth Sciences Advisory Panel,
1965-68  (Chimn., 1967-68) ; Geological Soc. of Am. (Counselor, 1969-71; Vice
President, 1972-73; President, 1973-74); Calif. State Mining and Geology
Board, 1969-75 (Chmn., 1975) ; .Seismological Soc. Am. (Board of Directors,
1970-76 ; Vice President, 1974-75; President, 1975-76) ; Nat. Science Foundation,
Advisory Com. for Environmental Sciences,” 1970-72 (Chmn., 1971-72); T.os
Angeles County Earthquake Commission, 1971-72; [Calif.] Governor’s Earth- .
quake Council, 1972-75 ; U.S. Nat. Com. on Geology, 1973~ ; Nat, Acad. Sciences,
Panel on Barthquake Prediction (Chmn.), 1973-76; Am. Seismology Delegation
to the People’s Republic of China (Vice Chmn,), 1974; Calif. Earthquake Predic-
tion Evaluation Council, 1975- . ‘

1st G. K. Gilbert Award in Seismic Geology (Carnegie Inst, Washington), 1960.
Elected Fellow, Am. Acad. of Arts and Sciences, 1974. Hlected Member, Nat.
Acad. of Engineering; 1976, Elected Member, Nat. Acad, of Sciences, 1976. )

Primary research interests and fields of publication: Geophysical.and struc-
tural studies of glaciers (field work in Alaska, Alberta, Norway, Washington) ;
Physiography of active faults; Relationships between seismicity and geologic
structure; Tectonics of regional fault systems (field work in Alaska, Mexico,
California, Venezuela, Chile, New Zealand, Philippines, Taiwan, Japan, Turkey,
Pakistan)’; Barthquake mechanisms and micro-earthquakes; Geologic hazards
and governmental policy ; BEarthquake prediction. ) )

»
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Business address: Seismological Laboratory, Calif" 1 f’TeehnoI‘o‘gy,
Pasadena, California 91125, (213):795-8806 ext. 2904, =+ ;

Home. address: 700 soubh Lake Ave, Apt 322 rrPasadena, Galifomia 91106 '
(213) 79545705 ‘ ‘

STATEMENT on* Dg. CLARENCE R.

o Congressman Symington and members of the Subcommittee, Iam honored to
* be invited to appear as a witness before your committee today. My name is Clar- =
_ence R. Allen, and I am Professor.of Geology and Geophysics at the Seismological

Laboratory of the California Institute of Technology in Pasadena, I-am also .

“Chairman of the National Academy of Science’s Panel on Earthquake Prediction,
“whose report has’ been ‘essentially completed for'some time now. However, I regret
that—at least as of yesterday afternoon—our report had not as yet ‘been finally
cleared by the Academy’s report-review ‘committee; although it presumably will

. be within.a very few days. Under the circumstances, my testimony today neces-
sarily represents only my own opinions, and'I cannot officially speak:for the Acad- .

- emy or for its Panel on Barthquake Prediction. Nevertheless; over the past several -
‘years'I have talked.at length ‘with many of my scientific coIIeagues concerning

/i problems. of earthquake. gre«.hcmn, and I am confident that my views are rea-

those of many ‘scientists in the field:
Although I will be speaking today. -primarily about earthquake prediction, I
mecognize that prediction. represents only-one facét 'of the total earthquake-
hazard-reduction effort, and I recognize that the various. legislative bills under,

- congideration by your Subcommittee; are ‘concerned: with larger problem,
- including that- of 'societal resporse. :Nevertheless, I an ‘convinced ‘that

earthquake prediction can and should play a leading an vitally important role:

in the hazard-reduction effort; and it represents one area where exciting and
significant scientific advances are being mdde right now, and will almost’ cer-

tainly continue to be made in.the next few years if we are able to obtain con- =

" tmuing encouragement and support Barly this year, mote than 23,000 lives were
“lost in a major earthquake in Guatemala, mostly resulting from the collapse of
‘non-earthquake-resistant dwellings ‘A timely warning of the impending eatth-
" quake, advising residents to go out-of-doors, would undoubtedly have saved the
- lives of most of those killed ‘and prevented tens of thousands of injuries. The
-+ stakes in earthquake prediction are exceedingly high ; most seismologists feel that -
: {§ the time to make a national commitment to a long-term program aimed at
- .developing a reliable and effective operational ear ke—predxcbion capability.
- Let me try to respond to your ‘Chairm : i

" What is the present status of- earth aloe pmdiomon?

. There is:no question but that earthquake predietion is. Stlil in the research
,phase, ‘and although a few éarthquake predictiong have. already" been: successful
2“in a scientifically  meaningful'way, tremendous amounts .of basie and applied
.research must be carried out before we can develop 4 system thatipermits
- ;isocially meaningful predictions on'a routine basis, Mt’x t,: but not all, seismologists i
:-:agree, however, that this is;an attainable*goal %

Given adequate funding, it 1s my ‘gue; ,
i parthy in. the magnitude 5 range in California: within the next five '

be~,iu a position to implement a system of routine earth-
h an:acceptably low false-alarm and’ failure
public. impression ‘that. routine predictmn
t warranted by the present level f scientific un erstanding. .
o : ways to go, particularly in areas inyo 1v1ng very basic research, -
" ‘before an effecbive earthquake—ptedlction aystem will’ be operatlve or even capable
. of being planned. i : ¥

It appears tha.t ‘the federal eﬂ?ort in rthquake prediction atf the present time
] . rqﬂlion douars, although this

: ff 4, 2 million by the Natwnal ‘Seiénce Foundatior
. ‘=‘nau1:1es and Spaee Admmistxjation, and .09 mﬂlw ‘Tby’ thi

s"tho.t we will be successful in predict-

t 10 years away from.
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gram will require an annual expenditure of at least two to thrée times that at
present, amounting to at least $25,000,000 per year for the next ten years, This:
judgment is based on my estimate of the scope of the research work that must:
be done, as well as upon the manpower that is realistically available to carry out:
the effort. It might be noted, for example, that during the first year of its external
research grants program (FY 1975), the Geological Survey received proposals:
from universities, private industry, and state agencies for more than 13 million
dollars, more than half of which were judged to be of very substantial potential
value. Yet budgetary restrictions allowed research proposals for only 2 million:
dollars to be funded. - ) :

What should be the roles of Federal laboratories and academic institutions?

Certainly a team effort on the part of many groups, including private industry
as well as federal and academic institutions, will be necessary to achieve the
goal of effective earthquake prediction. In terms of the manpower available,
however, it is my belief that non-federal groups are going to have .to play a far
more important relative role in the expanded program than has been the case
thus far. I feel that there are definite dangers in the abrupt expansion of- federal
agencies to meet specific and temporary problems, particularly when a large part
of the talent and the resources to solve the problems exists outside of those agen-
cies. In the specific case of earthquake prediction, it is clear that when we are-
finally in a position to implement a routine prediction program, a federal agency
such as the Geological Survey will obviously have to play the leading role, but
~the attainment of the prediction eapability is still so far in the future that we
must take advantage of every possible resource, both inside and outside of gov-
ernment, in carrying out the necessary research and development,

What are the ewxpected benefits?

~ There is not the slightest question but that lives can be saved by effective

. earthquake predictions, and this has already been amply demonstrated in China.
‘While I emphasize again that earthquake prediction is only one facet of a total
program in earthquake-hazard reduction, the cost benefit ratio—especially in:
terms of human lives—is exceedingly favorable by almost any calculation. It
has been estimated, for example, that in the absence of an effective prediction, a
losg of life measured in the tens of thousands is likely in a major California earth-
quake. In.the City of Los Angeles alone, some 75,000 to 100,000 people—mainly
poor and elderly—live in pre-1933 unreinforced masonry buildings that will al-
most certainly fail in-a major local earthquake, but which could be evacuated

“ given adequate warning. Engineers have correctly pointed out that a prediction
will certainly not keep an unsafe building from collapsing, but it might well allow
the saving of human lives by a timely evacuation of the structure. i

It has been estimated that knowledge of an impending great earthquake, a
year or more in advance, could result in a reduction in annualized losses from
earthquakes of $250 million per year. The savings would result from measures:
taken to strengthen buildings and their contents, reduce the fire hazard, increase-
dam safety, enhance nuclear power-plant safety, and the like. For still-shorter-
term predictions (e.g., one week), substantial savings of lives would result from
temporary measures such as the evacuation of dangerous buildings and the
mobilization of emergency forces. ) ) ‘

Finally, I would like to comment on some of the specific legislation that has
been proposed in the Congress for earthquake-hazard mitigation. Senate Bill
1174, the so-called Cranston Bill, seems to me to be realistic in that it recognizes:
the necessity for extensive basic studies before an effective earthquake-predic-
tion system can be designed, and it recognizes the gross inadequacy of present
funding in this area. It also represents a commendable balance of effort between:
the engineering and prediction efforts, as well as those involving societal re-
sponse. My principal reservations concerning the Cranston Bill involves its assign-
ment of responsibility to specific government agencies. Many of us engaged in
basic scientific research are a bit surprised to find that the primary engineering
effort has been assigned to the National Science Foundation, whereas the prinei-
pal scientific research effort has been assigned to an operating government
agency—the U.8. Geological Survey. Many of us in the academic research com-
munity are somewhat uneasy to find that the National Science Foundation’s
traditional and very effective role in the support of basic research. in the uni:
versities seems to have been undercut, and we are uneasy about the prospects of’
applying for basic.research funds to an agency with which we are in direct
competition—albeit a healthy and desirable competition. I fully recognize the




need for the Geological Suryey to contract with outside groups for certain of its
migsion-oriented tasks, and I‘applaud its; efforts in ‘this direction; ‘but I am
uneasy about the assignment to the Survey of the support of non-Federal basic-
research: in seismology and earthquake prediction-—a tvole that T would sooner
See given to the National Science Foundation. I suggest that the Cranston Bill
be modifled to recognize the present and future role of the National Science:
Foundation in’the support of non-Federal research in seismology, tectonics, and:
geology that are ‘relevant to earthquake prediction, and ‘that the relative fund-
ing of the National Science Foundation and U.S. Geological Survey in the Bill
be adjusted to take this modification into account. I should: emphasize that I do
‘mot question the assignment to the Geological Survey of the principal Federal
in-house - earthquake-prediction effort; it iy -a remarkable ‘organization with

abundant:scientific talent and a long tradition 6f ‘eminent scientific accomplish-

ments. Already, the Geological Survey's:contributions: to earthquake prediction
and hazard reduction are known world-wide,, L phar ‘
House Bill 18845, introduced by Congressman Mosher, seems to me to be
attacking a somewhat different aspect of the earthquake-hazard-reduction prob-"
lem, and I would not like to see it considered a substitute for the Cranston Bill.
The Mosher ‘Bill is apparently responding to recommendations of the National
Academy of Science’s report on Barthquake Prediction and Public Policy, but T
would emphasize that we as yet have no routine earthquake-prediction capability,
and it seems to me that the setting up of such an elaborate and expefisive man-
agement infra-structure is.a bit premature. Furthermeore, ‘the.absence of any
specific. recommendations for irereased funding of the ‘necessary engineering

and scientific research ;programs seems to imply that.the present budgetary .

process is working effectively, which I.do not, consider to be the cage, I am not
convinced that the Mosher Bill imparts the necessary sense of urgency to the-
problem, and in this sense I prefer the approach of Senator Cranston, B
. In.conclusion, let me simply state that now is the logieal time to make a na-
tional commitment to an effective earthquake prediction and résponse program,

and to allocate the necessary resources Vto‘, achieve ‘t;h'e task,

STATEMENT OF CLARENCE ALLEN, DIVISION OF GEOLOGICAL AND
'PLANETARY SCIENCES, CALIFORNIA INSTITUTE OF TECHNOLOGY

Dr. Aurex. Congressman Brown, I am honored to be invited to-
appear as a witness before your committee today. = A
My name is Clarence R, Allen, and I am professor of geology and
geophysics at the Seismological Laboratory of the California Insti-
tute of Technology in Pasadena. I am also chairman of the National
Academy of Science’s Panel on Earthquake Prediction, whose report:
has been essentially completed for some timenow, . . ! ‘
In contrast with what is stated in the prepared testimony before
ou, that report has now been finally approved within the last few
ours by the National Academy’s Report and Review Committee, and’
following the summary of my own personal viewpoints I would like:
to put into the record, if I may, the summary of recommendations of
the NatiqnaflAcafdemy‘regort, LR IR SRR R RN
Mr. Browx. Youi*s&g'i b has been approved this morning? -
Dr. ArveniYes;at 8:80. 1 finally got word, -~
‘Mr. Brown, We are'delighted to know that and withou
the material wilt be mclu(iad in, the record.. :
Dr. Avpen. First of all T would like to summar
viewpoints although you will see in many parts
the National Academy report. .~~~ =
. Although T will be speaking today primarily about earthquake pre-
~diction, I recognize _prediction represents only-one. facet of the
total earthquake-hazard-reduction effort, and T recognize that the:
- various legislative bills under consideration by your: subeommitteg: .

“objection

e some of my own
at they agree with:
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are concerned with the larger problem, including that of societal
response.. , oo o

Nevertheless, I am fully convinced that earthquake prediction can
and should play a leading and vitally important role in the hazard-
reduction effort, and it represents one area where exicting and sig-
nificant scientific advances are being made right now, and will almost
certainly continue to be made in the next few years if we are able
to obtain continuing encouragement and support.

' Early this year, more than 23,000 lives were lost in a major earth-
quake in Guatemala, mostly resulting from the collapse of non-earth-
quake-resistant dwellings. A timely warning of the impending
earthquake, advising residents to go out of doors, would undoubtedly
have saved the lives of most of those killed and prevented tens of
thousands of injuries. i :

The stakes in earthquake prediction are exceedingly high; most
seismologists feel that now is the time to make a national commit-
ment to a long-term program aimed at developing a reliablé and
effective operational earthquake-prediction capability.

Let me try to respond to your chairman’s specific questions. “What
ig the present status of earthquake predictions?” There is no question
but that earthquake prediction is still in the research phase, and al-
though a few earthquake predictions have already been successful in
a .scientifically meaningful way, tremendous amounts of basic and
applied research must be carried out before we'can develop a system
that permits socially meaningful predictions on a routine basis. Most,
butlnot all, seismologists agree; however, that this is an attainable
goal. ; D AP T

“How do you believe earthquake prediction will develop in the
next few years?” Given adequate funding, it is my guess that we will
. be successful in predicting an earthquake in the magnitude 5 range-
“in California within the next 5 years. :

‘However, my own estimate is that we are at least 10 years away from
the time when we shall be in a position to implement a system of
routine earthquake predictions with an acceptably low false-alarm
and failure rate. e , » :

In my opinion, the apparent public impression that routine pre-
diction of earthquakes is imminent is not warranted by the present -
level of scientific understanding. We have a long ways to go, particu-
larly in areas involving very basic research, before an effective earth-
quake-perdiction system will be operative or even capable of being
planned. in detail. ' . ,.

“What resources should be devoted to earthquake prediction $” Tt
appears that the Federal effort in earthquake prediction at the pre-
'sent time amounts to an annual expenditure of $10 to $11 million,
although this encompasses work involving a rather broad defini-
tion of “earth({)uake prediction,” and for that reason is somewhat larger
than the number named by Dr. Press. This includes a good deal of
W‘or('lk in hazard evaluation which is peripherally related to earthquake
prediction. . L . :

~Of this total, some $15 million is budgeted by the U.S. Geological
Survey, $4.2 million by the National Science Foundation, $1.83 mil-
lion by the National Aeronautics and Space Administration, and $0.09
million by the Nuclear Regulatory Commission. I
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effective eaithquake-prediction pro-
diture of at least two to threé tunes
east $25 million per year for the next

It is my-opinion that 4 trul
gram will require ah annual e
‘that at present, amounting to 4
10 years. ' : o LA :

This judgment is be my estimate of the scope of the research =
work that must be done, as well as upon the manpewer that is realisti-
cally available to carry out theeffort. =~ = =~ = B

It might be noted, for example, that during th
external research grants program, fiscal year 1975, the Geological

-Survey received proposals from universities, private industry, and
State agencies' for more than $13 million, more than half 'of ‘which
were judged to be of very substantial potential value. Yet b;udgetéy'ng
restrictions allowed research proposals for only $2million to be funded;

‘Mr. Brow~. May I mberrful%t and ask if you differ or concur’ with
the rough breakdown offered by Dr. Press with reégird to thé 'distri-
‘bution of that amount of money? Your figures are essentially the
same, the total figures; ~ ¢ 0 G miTo Tee o T

Dr. Arvex. I agree withi the kinds'of things he ‘emphasized, parti-
cularly the development of better computerized facilities. Yes, I think
we are speaking-of the same kind of breakdowii, | B e S

“What should be the rolesrof Federal laboratories and a

stitutions?” Certainly a'team effort on the part of many groups, in-

“cluding private industry as well as’Federal and acadeémic institutions,
will be necessary to achieve the ‘%dal of effective earthquake prediction.

-In-terms of manpower. available;however; it-i§ iy belief that non-
Federal groups are going ito have-to. play a.far more. impertant. rela~
tive role in'the expanded program than has been the case thus far.
I feel that there are definite dangers in the abrupt expansion Qf_Fed:
eral agencies to meet specific and temporary problems, particularly
when & l&g'gle part of the talent and the resources to solve the pr ‘
exists outside of those agencies.; ..~ . -

- In the specific case of earthquake prediction, it is clea wher
we are:finally in a position to implement a rotutine prediction pro-

gram, a Federal agency such as the (Greological Survey will obviously

1 my estimate .

ring_ the first year of its

.. haveto play the leadin role, but the attainment of the prediction capa-

ust take advantage of every

bility is still so far in the future that b take ad T ev
' Government, in carrying

possible resource, both inside and outside
out the necessary research and development. ' Sk
* “What are the expected benefits?” Thete is not ‘the slightest ques-
tion but that lives can.be saved by:effective earthquake predicitons,
and this-has already been .am;ﬁg demonstrated in China. While: T
emphasize again that earthquaki 'ft?idicmpn is only one facet of a
total program in earthquake-hazard reduction, he cost-benefit ratio—
especially in térms of human lives—is excedingly favorable by almost;

] oen estimatéd, for example, that/in the absence of an effec-
tive prediction, a loss 6f life measured in:the tens of thousands is likely -
in a major California éarthquake. In the city of Los Angeles alone,
some 75,000 to 100,000 people—mainly poor-and elderly—live in.pre-
1933 unréinforéed masonry bnildings that will almost certainly fail
in & ‘major loeal earthquake, but which could be
 quate warning. oo Gl ;

* ‘Enigineers have dorreetly pointed out'that a predi
not keep an unsafe buildingsfrom eollapsing, but.it:m
the saving of human lives by a timely evacuation i

76-649—76——11 ,

usted: given.ade-

i«lgh’n -well alloy:

the structure.
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It has been estimated that knowledge of an impending great earth-
quake, a year or more'in advance, could result in a reduction in an-

- nualized losses from earthquakes of $250 million per year. The savings
would result from measures taken to strengthen buildings and their
contents, reduce the fire hazard, increase dam safety, enhance nuclear
powerplant safety, and the like. For still shorter term predictions, for
example 1 week, substantial savings or lives would result from tem-
porary measures such as the evacuation of dangerous buildings and the
mobilization of emergency forces. i ,

Mr. Brown. May I interrupt again at that point? I was struck by .
Dr. Press’ comment about the Chinese strategy which seems to forgo
any structural rebuilding or strengthening of structures prior to an
earthquake and depend upon evacuation and then plan to rebuild,
presumably in a safer fashion, the properties which are destroyed.
Your view seems to be that we could engage in an alternate strategy
of actually strengthening some of the marginal buildings if we were
given sufficient leadtime in doing that and that that would be eco-
nomically justifiable under the circumstances. Is that your view ¢

Dr. Arren. It is, particularly inasmuch as. I don’t think within the
next 10 years we will have a routine earthquake prediction capability.
‘We will certainly be having earthquakes within the next 10 years, and
it behooves us to try to do what we can in that period to keep lives
from being lost in those buildings which are sure to fail. The Chinese
situation, it seems to me, is quite different from ours in that most
people have been killed in their own houses. Most of our houses are
basically pretty safe places—our single-family dwellings—but we still
have this problem of the major unreinforced brick buildings which
unfortunately house a large number of elderly and poor people in
the downtown areas of our large cities. ‘ o -

Mr. BrowN. Would the normal consequence of either: building or
rebuilding to more stringent earthquake standards be to extend the
lives of those buildings ? In other words, are we constructing a longer
lived building than our normal construction practices wou d lead us
todo? - B c

"Dr. ArieN. I don’t fully understand the question. '

Mr. Brown. If we were to build to the highest earthquake stand-
ards, are those buildings likely to last longer or have a longer lifetime
than if we did not build to such standards? In other words, what
is the impact of building earthquake protection into the life of a
building ? : : o ‘ - .

" Dr. Aurex. I am not an engineer and perhaps Mr. Steinbrugge
could comment on this better. My own feeling is that if we design 1t
to be earthquake resistant and if it is in an area like California, yes.

Mr. Brown. If an earthquake occurred it would last longer but
in the absence of an eartliquake would it be longer lasting?

Dr. Arzex. I amnot sure I amable to answer that. .

Mr. Brown. It may be.an inconsequential question.. v

Dr. Arren. Finally, I would like to comment on some of the spe-
cific legislation that has been proposed in the Congress for earthquake-
hazard mitigation. Senate bill 1174, the so-called Cranston bill, seems
to me to be realistic in that it recognizes the necessity for extensive

" basic studies before an effective earthquak&prediction system can

be designed, and it recognizes the gross inadequacy of present funding
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in this area, Tt also fépreéénté a comh;endai)l salins
n this area, 1t algo r ents a- commendable balanice of effort be-
‘tween the.engineering and prediction efforts, as well > 1
sociotalrosponse, o L e wellus those favolving.

My principal reservations concerning the Cranston bill involve its
assignment of responsibility to specific Government agencies. Many
of us‘engaged in basic scientific research are ‘a bit surprised to find

~ that the primary engineering effort has been assigned to the National ..
- Science Foundation, whereas the principal scientific vesearch effort -

has been assigned to an operating Government agency—the U.S. Geo-
logical Survey.. " o "0 R
Many of us in the agademic research community are somewhat

~uneasy to find that the National Science Foundation’s traditional and -

very effective role in'the support of -basic research in:-the universities
seems to have been undercut, and we are uneasy about: the prospects
~of applying for basic research funds to an agency with which we
“are in direct competition—albeit a healthy and desirable competition.
" T fully recognize the need for the Geological Survey to contract
with outside groups.for certain of its mission-oriented tasks, and I
. -applaud its efforts in' this’direction, but.I am uneasy about the assign-
‘ment to the Survey of the support of non-Federal basic research in
‘setsmology and earthquake prediction—a- role that I' would sooner
see given to the National Science Foundation:” -~

T suggest that the Cranston bill be modified to récognize the present
-and future role of the National Science Foundation in the support of -
non-Federal research’ in seismology, tectonics, and geology that are .
_relevant to earthquake prediction, and that the relative funding of
the National Science Foundation and U.S. Geological Survey in the
bill be adjusted to take this modification into account." RO

R

- .I-'should emphasize that I do not question the assignment of the.
~. Geological Survey of the principal Federal in-house earthquake- ..
prediction effort. 1t is a remarkable organization ‘with abundant,
scientific talent and a long tradition-of eminent seientific accomplish-
" ‘ments. Already, the Geological Survey’s contributions to earthquake
prediction and hazard reduction are known worldwide. - .. . ©
House bill 13845, introduced by Congressman Mosher) scems to me
. tobe attacking a somewhat different aspect of the earthquake-hazard-
. reduction problem, and T would not like to see it. considered a sib- -
Ustitute forthe Cranstonbill, . 0o
" The Mosher bill is apparently résponding to recommendations of .
* the National Academy of Science’s report on earthquake prediction
and publie policy, but T would emphasize that we s yet, have no routine

- earthquake:-prediction capability,

gement infrastructure’ts
" Furthermore, the absence.of any specific recommendations for in-
creased funding of the necessary engineering and scientific research

_programs sesms to imply that the present budgetary process 1s work-
ing effectively, which I do not consider to be the case. I am not con-
vinced that'the Mosher bill imparts ‘the necessary sense of urgency to
the ‘problem, and in this sense I prefer the epproach of Sénator

and it seems to me that the setting =
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Tn conclusion, let me simply state that now is the logical time to
make a national commitment to an effective earthquake prediction and
: rﬁsponls{e program, and to-allocate the necessary resources to achieve
-the task. i ‘

That completes my own personal testimony and if T might I would
just like to summarize, with your permission, the National Academy’s
report. ' EE O ‘

The summary involves some 14 points and let me just read them to
you. - : ‘ - o :

The members of the Panel on Earthquake Prediction have reviewed
the major research efforts in earthquake prediction by investigators of
all countries. The following statements summarize the Panel’s views.

1. Earthquake prediction holds great potential for saving lives,
reducing property damage, enhancing the safety of critical facilities,
and helping make possible more rapid restoration of normal living
after.an earthquake. C L ;

9. Anomalous physical phenomena precursory to some earthquakes
‘have been clearly identified. - . SN e L iy
- 8. The physical nature of precursory phenomena is-complex, and
current: models to explain them are crude; improvement of these

‘models will require considerable effort in the field and laboratory, as
well as in theorstical studies. : o
~4.-Some small earthquakes have been predicted in a scientifically
~eredible way, and most researchers are optimistic that we will éventu-
ally be successful in predicting larger earthquakes as well.

5. Of the types of recognizable phenomena thought to be precursory
to earthquakes, some may, in fact, be due to other causes and yield
~ false alarms. Successful routine prediction will probably require the

~use of several techniques, . - T

. 6. At present, the ability to detect and locate an impending earth-

quéake requires a dense distribution of instruments in the quake area.
Tmproved observational networks in areas of high earthquake prob-
ability are mandatory if we are to gain the fundamental knowledge on
which to build-an effective earthquake-prédiction program.
.7, Predictions of earthquakes should specify time, magnitude. place,
and probability, However, even a statement that does not specify time
or magnitude, or a statement that an earthquake will not occur in a
particular place or at a particular time, would be meaningful.
~. 8. Neither the present state of the art nor the present distribution
of instrumentation can permit socially meaningful predictions on 2
routine basis. Therefore, at this time, an expression such as “area of
intensive study,” as used in Japan, might reflect more aceurately the
confidence level of interpretations of the observed phenomena in some -
areas than would an actual prediction. ,
9. A successful scientific prediction within the next'5 years will
probably be made for an earthquake ‘of magnitude 5 or greater in
California. With appropriate commitment, the routine announcement
of reliable predictions may be pessible within 10 years, although large
earthqualkes may present a particularly difficult problem. The appar-
ent public impression that routine prediction of earthquakes is immi-
~ nent is not warranted by the present level of gciéntific understanding.

10. Until formal procedures for issuing predictions have ‘been

established, predictions made by responsible scientists should be accom-
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panied by sufficient backup data for full evaluation by the scientific
community. = = R e ) e
11, During the development of an earthquake-prediction and warn-
ing capability, there will be unavoidable errors and false alarms, The
public must be made aware of this prospect; and the development of

‘any procedure to issue warnings must accommodate it. Even the

ultimate system will probably not be infallible.

12. The rate of development of a reliablé eafthuakeépredictidﬁ

- capability operating on a routine basis will depend to a large extent

on the amount, rate, and deployment of funding. Progress in improv-
ing the state of the art in the early growth period will be particularly
sensitive to the level of support. The Panel believes that an effective
program will require a 10-year commitment of effort, and that a large
increase to several times the curent annual Federal expenditures would
be cost effective and would be in the national interest. . ;
.. 13. The scientific and technical aspects of earthquake prediction
have advanced to the point at which the development of systems for
associated societal response should be addressed promptly in a formal

k . manner. A prediction capability will be of little value 1f societal re-

sponse procedures are not, formulated concurrently. =
14. I%Q the earthquake-hazard problem is to be': ked realistically, -
the development of an earthquake-engineering design and construc-
tion are complimentary and equally necessary, and should be carried
on at the sametime, ' - B o T .
The primary purpose of this report, as stated in the preface, is to
- review the state of the art and the future outlook of earthquake pre-
~ diction. The Panel had no initial intention to make specific recom--
~ mendations, and in particular to make recommendations with respect
- to funding. When the study was completed, however, it was apparent -
to the Panel that four areas are of sufficient urgency that such recom-
- mendations are needed and should be acted on without delay. They -
dres T ‘ ; ihe

- att

1. The United States should now make a ﬁitioﬁal commitment to a, =

Jong-term program aimed at develo}i)ing a reliable and effective opera-
tional earthquake-prediction capability. .. . =~ s E
Based on an assessment of worldwide ohservations and findings over

- the past few years it is the Panel’s unanimous opinion that the develop-

ment of an effective earthquake-prediction capability is an achievable

goal, In recent years, several isolated earthquakes have been success-
- . fully predicted by scientific criteria. These Tesults and other studies
- indicate that with appropriate commitment and level of effort, the
‘routine announcement of reliable predictions may be possible within-
10 years in well-instrumented areas, although very large earthquakes
may present-a particularly difficult problem. A truly effective national
program will require a significant increase to several times the
current annual expenditures for prediction research. If the 10-year
research effort is successful, subsequent implement: tign of the result-.

-.ing -earthquake-prediction eapability, for all seéismic areas of the -

United States and on. a continuing basis, will require a. comparable
national commitment. EE R e B S A R
- 2. A representative group of competent scientists should be formed

now to advise the Federal Government at the highest levels on the

progress and needs of its earthquake-prediction program.

R ;V B
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United States research in earthquake prediction now leoks so
promising, and its social consequences are so profound, that an
advisory unit should be established to provide advice about the progress:
and needs of the effort to the highest levels in the Federal Govern-
ment, preferable directly to the Executive Office of the President,
-that is, to the Director of the Office of Science and Technology Policy.
Such as a group of nongovernmental scientists would report. period-
ically on the status of the total U.S. earthquake prediction effort,
identify gaps and overlaps in the national research program, advise
on the establishment of an earthquake warning procedure, and main-
tain a broad overview of the program’s needs and funding.

3. A formal procedure should now be established for evaluation of
earthquake predictions and for advising relevant agencies and groups
concerning their validity.

. Predictions are now being put forth by various groups—formally or
_informally—and responsible public officials and agencies are becom-
ing concerned as to how to evaluate these predictions and react to
them. The Panel feels that the time has come for a formal body to be
created to evaluate all such earthquake predictions. The purpose
of such a body should not be to censor or restrict individuals and
organizations in the making of responsible predictions, or to make
predictions itself, but to serve as the filter between those who issue-
predictions and those who are obliged to react to them. Such a proce-
dure would encourage responsibility among predictionmakers since
all predictions would be subject to thorough and systematic scrutiny
by their scientific colleagues. e

" In view of the tremendous responsibilities of such a body and the
- profound potential impact of its judgments, it should have represen-
tation from a wide spectrum of the seismological community. Repre-
sentatives of concerned public agencies should be encouraged to
attend its meetings as observers. An evaluation group of this type,
made up of scientists from a variety of institutions and agencies,
thas already been established in the State of California. ;
4, Research, planning, and development both of the integrated oper-
ational prediction capability and of an effective social response capa-
bility should be carried out concurrently and in coordination.

The solution of social-response problems should be given priority
comparable to that of developing prediction technology. If this is
not done, we may learn how to predict earthquakes before we know
what to do with the predictions when we get them. To avoid this:
unacceptable outcome, we must mount a research and planning effort
of major scope, closely integrated with the scientific and technical
development of prediction capability. The effort must be problem

oriented and highly interdisciplinary: many issues require the at-
tention of sociologists, social psychologists, lawyers, political scien-
tists, organization theorists, experts on command and control, and
experts from other disciplines. In the final operational earthquake-
warning-and-response system. an authoritative scientific and tech-
nical prediction capability and an effective social response capability
will be equally important. . v

That completes my statement.

Mr. Browx. Thank vou very much. Tt is an excellent statement by
the Academy. Tf T didn’t know better, T might think you had con-

tributed. [Laughter.] ;




Dr. Avien. I should emphasize this is only the summary and con-
clusions, The main body of the report follows. g
- Mr. Brown. Mrs. Lloyd, do you have any queéstions?
 Mrs. Lroyp. Thank you very much. I certainly appreciate your
testimony, Dr. Allen. I am sorry I had to come in late but I will
take it with me and review it later. ' iy i ;
It is alarming that we do not have any plans for an earthquake
warning system. At what stage of viability—you were talking about
stages of development—should official earthquake predictions be
~ made? What is the danger of a false alarm? Would you equate this
Wfith a's fstem such as an air raid alert—maybe I am getting ahead -
of myself. SRYE A6 ; ] el T
- Dr. Arvexn. It seems to me that particularly during the next 10
Kears, as we develop an earthquake prediction capability, we will
ave predictions being offered by numerous individuals and groups
with various degrees of reliability. It seems to me that we cannot
specify at what level those will be made public and at what level they
will not be made public. T think the idea of keeping anything secret
is out of the question. Not only is it impossible at the present time,
but it is probably undesirable as well. I think the important thing
- is'that the public be aware of the fact that there are various levels of
reliability. ik Rl o el MR A
That is, just because the chances of rain are less than 50 percent
tomorrow doesn’t mean that the weather bureau doesn’t make that
prediction. They still try, but they may fail—just as we may fail
sometimes. But I think at this point to say that there is a level of
reliability above which we will announce would not be an appropriate
_ measure. CLl e E R i i
- Adnittedly, T think we must achieve a certain degree of success
and reliability before we ‘are convinced that we have an effective
system that can go into operation and warrant public response. ,Hope-
fully, if we are right 75 percent of the time, we will have an effective

system in terms of social response, but I foresee that particularly =

over the next 10 years, we are going to be having prédictions offered

with a great variety of reliabilities. ~ .~ ..
‘Mrs: Lroyp. To whom should this authority be given? o
‘Dr. Avren. At the moment, T-don’t think, as stated in the Academy

report, that we can censor these kinds of predictions. I think anybody

has the right to make a prediction. Nevertheless, I think it is true
that the agencies that are obligated to respond ‘must have some filter-
~ ing mechanisms so that they do not themselves try to evaluate every
- prediction made by various people, including scientists as well as .
complete amateurs.’ : e L
In the State of California there is a group established which per-
forms that evaluation and advises the agency as to their evaluation
of a prediction. T think at the Federal level such a group will also
- have to be formed, but exactly under what aegis T am not sure at the
moment. ot Cmead SR T T e
- » Mrs. Lruoyn. Our chairman was discussing the:construction of build-
ings that would not be prone to earthanakefdlamage. Have we devised
any form of shelter where people would go in case of an earthquake?
Has this been considered ? G S b g S
. Dr. Arren. Of course, if one is in a building which is not safe and
if one knows an earthquake is coming, the obvious thing is to go out-
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side. In this sense, I don’t think we have to visualize shelters of the
same type you speak about with regard to tornadoes. ‘ '

Mrs. Lroyp. I am totally ignorant of earthquakes. I am asking some
of these things for my own information. ; ‘

Dr. Avien. Following a major earthquake, aftershocks may occur.
T think the recommendation is that people simply stay outside, away
from possible falling objects, until such time it appears relatively safe
to go back into the structures:

Mrs. Lrovp. We were speaking of the time and money needed in this
program. Do we have the capacity for training of our scientists and
the instruments ? Are we lacking facilities for training ¢

Dr. Arrex. I do not think so. As a matter of fact, one of our reasons
for feeling that the level of efforts could be several times larger than
that at present is that there exists a large qualified group of people
whose attention could be turned to this problem right now, given suf-
ficient funding and direction. , )

Tt is true that many of our universities and schools right now could
use more funds for supporting graduate students and for training in
this direction. That certainly would be one of the results of increased
funding in this field. o it

Mrs. Lioyp. Is there any correlation whatsoever with any earth-
quakes in densely populated areas? Are densely populated areas more
prone to earthquake? .

Dr. Aprrex. Not in general, no. Barthquakes occur of course for
geological reasons. It goes so happen that many cities are in areas
with these geological attributes, but taken as a whole, I don’t think
there is any major correlation between densely populated areas and
earthquakes.

Of course one of the things that makes California an attractive
place to live is the coastal mountains and the coastal valleys, and the
reasons we have them is because of the San Andreas Fault. So there
is—in g sense—a relationship. :

But if you look at the map of the earthquake epicenters in California,
it is not coincident with the population centers.

Mrs. Lioyp. Thank you very much. ,

Mr. BrowN. You have had some experience in your own institution
with some earthquake predictions recently. Were those evaluated as to
level of credibility prior to the time the predictions were made? Or was
there any mechanism or thought given to the effects of making such a
prediction prier to the time it was actually made ?

Dr. ArreN. Yes; considerable thought was given to the level of

_ reliability of the hypothesis test, as I think Dr. Whitcomb prefers to
call it. He is going to testify tomorrow, and I would prefer not to
speak for him. : ‘

Likewise the State evaluating committee tried in its judgment to give
a feeling for its sense of confidence in the prediction.

Mr. Browx. As a followup to that predietion, you noted, I am sure,
the rather immediate and strident response on the part of some people
in the local area. Was there any thought given to the analysis of this
response as part of an ongoing study of the problems involved in earth-
quake prediction ¢ Cee o

Dr. Arien. Many people have been looking very carefully at what
happeéned in Los Angeles and Dr. ' White, who I believe is testifying




153

tomorrow, will testify specifically on that problem, because his-group
was involved in a study of what happened, .~~~ . .

1 might say that, ai’l in all, my reaction was that the response was
very encouraging. We thought the news media—in genera. —treated
this thing in a very level-headséd way. The public response, with a few
exceptions, we thought, was very encouraging.” =~ " -

I think, all in all, this sort of dress rehearsal gives us some hope and
. encouragement that earthqualke prediction really can be beneficial in. .

terms of publicresponse. ... . ... o o

* . Mr. Brown, The thrust of mgr %gestion'wa‘s primarily to deterntine
" if we were taking advantage of this experience as a part of our total
analysis of the problem. I thought it was a rather interesting experi-
‘ment,myself. . . o 8 .
~ Dr. Arren, Very, very interesting,.and yes, I can assure you, social
scientists have been looking very carefully at what happened in the
Los Angeles avea, not only with respect totheso-called hypothesis test -
of Dr. Whitcomb, but also with regard to the réaction to'the announce-
ment of the Palmdalebulge..... = . v Lt e i
- Mr. Browx: Dr. Allen, your conchuding statement indicates that
you feel this is the right time to do something in this field. Of course,
your statement indicates some of the reasons for that, Your reasons as
to thinking the timing is appropriate do'fiot necessarily coincide with
the reasons of Members of Congress who are voting for legislation and
I wonderif we can strengthen this a littlebit. -« - " =" - N

We have a situation of severe budgetary constraints upon Federal
programs and in .order to justify any legislation we have to make a
strong case for the logic and timing of & particular program because
generally it is'going to mean that some other program will have to be
cut back. ' Would it be your view that .‘We‘,coul(f make a strong case for
dollars spent;in this program as having a greater cost-effectiveness
tha‘n;some other dollars-which you don’t need to specify at the present
time? o A NI N P

Dr. Anrey. It is really diffienlt for me to compare this with other
programs and say that this particular program is'more worthwhile .
or has a more favorable cost-benefit:ratio-than other seientific pro-
grams. AT can'say is:if we look at the possible effects of earthquakes
and try to evaluate the tragedies that will result, we see tremendous
benefits coming from increased efforts in this area, and also we see
_ tremendous excitement in terms of the possibility of doing something
~about this. e T e T
. T'would emphasize that when our pane]l on. earthquake prediction
_first met some 2 to 3 years ago, I think the feeling was one of general

- skenticism, that it was not really feasible. e :

I think during these past 2 or 8 years, our committee has swung
around to a relatively optimistic viewpoint, and I think this is-true
throughout the seismological community in general.

- So in essence ‘we see here.the unique oppértunity to take advantage
-of a scientific breakthrough. It looks as though something has really
~ hapnened here to allow us to realize significant social benefits from:an -

exciting scientific venture. ST S Ch o

‘Mr. Brown. We welcome the return of thé ¢hairman at this time.

- Mr. Chairman, I think we-have just about conoluded questioning of
Dr. Allen-unlessiyou hdve some further questions, - - # =~ v =
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Mr. Symineron. I am sorry to have missed this opportunity. I am
sure that Congressman Brown covered some valuable ground.

Dr. Allen, I will certainly be studying the record in due course. We
had some conflicts today, as you know, due to the caucus and certain
other items of business. We are very gratefil to you and the other wit-
nesses for your patience and your consideration of the committee’s
problems.

If there are no further questlons, we will excuse the witness.

Thank you very much, sir.

[Further questions in written form were forwarded to Dr. Allen.
The questions and responses follow :]

Question 1. Have you drawn up-a budget of how the $25 million per year you
suggest for earthquake prediction should be used? If so, please provide the Sub-
committee with a copy. If not, how did you arrive at the figure?

Answer. Our National Academy of Sciences’ Panel did not present a detailed
budgetary breakdown because it was felt that this went beyond the charge to the
Panel. Nevertheless, there was agreement that a level of effort some two to three
times that at present (about $10 million per year) was necessary to achieve the
goal of effective earthquake prediction 'in a reasonable time, This judgment was
based on our evaluation of the various current efforts and how they should be
expanded or improved, a comparison’' with programs in other countries, and our
estimate of the available qualified personnel to do the work. A detailed budget
is now being prepared by the National Science Foundation’s Advisory Group
on Earthquake Prediction and Hazard Mitigation, of which I am also a member ;
this Group’s report should be available presently.

Questwn 2. At what stage of reliability should official earthquake predictions,
in your mind, first be made? What are the pros and cons of (a) risking a false
alarm and (b) failing to make a prediction of an earthquake that occurs (assum-
ing there are precursory signs) ?

Answer: As stated in my testimony before the Subcommittee, I'feel that essen-
tially all reasonable earthquake  predictions-—even those of low reliability—
must.be made public; secrecy is impossible in any event. However, it is important
that the author’s estimate of reliability (i.e., his confidence in the success of the
prediction) be included with the other announced data, so that public officials
‘and others can choose whether and how to react—much. as they do with the
‘Weather Bureau's forecasts based on-a percentage probability. Inevitably, there
will be both false alarms and failures, especially. during the development stage
of achieving a prediction capability. If there.are too many failures and false
alarms, the program will obviously loose public support and ecredibility. But this
is a risk that must be taken. I am optimistic that—in the long run—we can
achieve an acceptably low failure and false alarm rate, and that the social
benefits from successful predictions will far outweigh both the costs of develop-
ment and the hazards of occasional failures and false alarms. But I am under
no-illusions ; we are in for some trying times during the development of -our pre-
‘diction capabihty over the next ten years or so.

We will now call on Dr. Otto Nuttli, who hails from St. Louis, Mo.

We are very grateful to you, Dr. Nutth, for being with us this after-
noon and again I must convey a personal apology to you on behalf of
the committee for the inconvenience that this day has 1mposed upon us
all,

[A brief biographical sketch of Dr. Otto W. Nuttli and Dr. Nuttli’s
prepared testimony follow :]

Dr. Orro W. NUTTLI

Date of Birth : December 11, 1926.
Hducation: B.S. (1948), M 8. (1950) and Ph.D. (1953)" in geophysics from
Saint Louls University
. PROFESSIONAL  EXPERIENCE

. On faculty of Saint Louis Umversity ‘stnee 1952 professor of geophysics since
1962, Visiting research scientist at University of. Michigan (summer.1962)." Visit-
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‘ing researeh smentlst ab; Umversity of Califéinta at’ Berk (summers 1964 &
. 1967) Oonsultant to Fedex‘al government agencies and to industrya

PRESENT BROFES&IONAL POSITIOKﬁ AND APPOINTMENTS

Presudent of Seismologlcal Society of Ameriea (1976—1977 Yoo
_Member, U.S. National Committee on Geology (1976-1979).
.Member, Committee on. Seismology of National: Research: Councﬂ (1976——19;9) :
Member, Advisory Group ‘on Earthquake ‘Prediction and Hazard M1t1gation

© (1976).
Member Qf Board of Governors of Amerlcan Geologlcal Institute (1976—1977 ).

1’ sy PROFESSIONAL SOCIETY MEMBEBSHIPS

Seismological Society. of Amenea (editor, 19‘71—1975 v1cevpresident 1975—1976,
president, 1976-1977). .
American Geophysical Umon (fellow) ‘
‘Royal Astronomical Society.”
Society of Exploration Geophysmists ‘
K Amencan Assocmtion for the Advancement of Science

. RDSEARCH INTERESTS

Seismieity and tectonies of central United States = i

Earthquake groend motion studies, cularly :I:‘or the central and’ eastern
“United States. B N

Source meelianics of earthquakes.

STATEMENT ;BY O'rcno W NUTTLI

CAt the request of the I—Ionorable James: W Symmgton, Ohalrman of the Sub-
cominittee on Science, Research and Technology, my discussion will concern earth- -
‘ quakes in the eastern and midwestern United States; in particular how they differ
Cfrom éarthquakes in'the West and how this presents some: unique problems w1th
rega¥d to predictionand hazard mitigation
Althoug large earthquakés frequently east of the Rocky
~Mountains, no state 1§ free from: suffering gome ¢ffects of earthquakes. Thig iy in
part a consequence of the fact. that the perce; ible ‘and damage areds of eastern
ea‘rthquakes aré ag much as one hundred t;mes fger.than those of their western
connterparts of the same magnitude Instead of areas the ize of.a county being
badly damaged ‘a8 in the West, a latge midwestern or-eastern earthquake will re-:
_sult:in major damage to areas the size ‘state or states. Indirect. coneequences‘
of the earthquake can affect the éntire eastern half of the country:
Concermng the problems of earthquake' prediction and hazard. reduetion, there
are three prmcipal ways. in which the eastern problems. fi from the western
ones,” In“many other ways, of course,;tliey are simila"r, shall’ digeuss later.
The" diffefences result from: (1) the fact that in the Ea o cantiot ‘easily
“identify -the faults that dre responsible for: ‘the earthquak 2) the fact.that
the frequency of occurrénce of earthquakes is less in the Bast than in the West =
(3) ‘the fact that larger damage areas result from eastern and mid-western
-~ earthguakes, .

In California and Nevada one’ ean, from ‘the ground or from an alrplane, =

¢ actually ee the San Aldreas fault or the faults slong thé Sierra Nevada front
where the major earthguakes occcur, They are readily accessible, so that one
knows where to place instruments such, ag geismographs, tiltmeters and other
devices-to m‘ake the kinds' of meagurements’that are required. for ‘earthquake
prediction. In the Hast, on the other hard,, we cannot. g0 readily identify the
active faults. Some-are covered by huni 8t thousands of feet of alluvial or
glacial sediments; which obseure their presence. They can be seen only indireetly,
.either- by locating and mappifig. the numeérous miercearthquakes that are con-
tinuously occurring along them or by geophys ¢al methods, such as seismic re-
ﬂect;on techniques, which, enable us to map the de underground strata, Only

- vafter the edrthguake-actlve reglons of the Bast have been identified and ac-

curaftely Tocated; which is what we call seismicity studfes, can we get on to the
problems ot earthquake prediction Some of the information - gained from geis-
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micity studies will also be data that can ‘be. directly applied to earthquake
prediction studies. -

From historic data we know of a number of plaoes where future large earth-
quakes are most likely to occur: Proceeding from west to east; these include:
the Wichita Mountain-Ouachita Mountain front of northern Texas, south central
Oklahoma, central Arkansas and northern Mississippi, the Nemaha uplift of
central Oklahoma, eastern Kansas and eastern Nebraska, the New Madrid
seisinic - zone of southeast Missouri, northeast Arkansas, western Tennessee,
western Kentucky and southern’ Illinois, the Wabash valley seismic zone: of
southeastern Illinois and western Indiana, a seismic region of western Ohio, a
seismic region of western New York, a seismic region of indefinite-extent that
includes the Boston area, eastern New York and states to the northeast, a seismic
zone of eastern Tennessee, eastern “Kentucky, Virginia and West Virginia‘and
& seismic zone including. Charleston, South Carolina,; All of these are places
where damaging earthquakes have occurred in the past and where they will
occur in the future. We should do as much as we can to delineate these seismic
zones, both so that we can make reliable estimates of earthquakes ground mo-
tions, in order to construct safe buildings at no greater cost than is necessary,
and so that we can begin to get about the business of earthquake prediction.
The technology is available. If we are provided the resources necessary for such
research, we can achieve these objectives of delineating active fault zones and
of estabhshing the ground motions that will result from earthquakes occurring
in them. Let me speak, for example, of a case with which I am most familiar.
In recent years - Saint Louis University has received support from ‘the U.S.
Geologmal Survey and the National Science Foundation for just such studies
in the New Madrid seismic zone of the central M1ssissipp1~ yalley. In historic
tsltmes thig seismic zone has been the most active of any in the eastern United

ates,

In the early historyiof our country 1t produced some truly major earthquakes
Ag an aside, I mlght\ mention that the first -scientific publication concerning
these earthquakes was written by the late Honorable Samuel Mitchill, a con-

“gressman from New York. And the first Federal Disaster Relief Act was passed
in 1815 to give citizens title to new land, to replace the land that was ravaged
and made unproductive by the earthquakes To return to my example, as a
consequence of the regearch support given to Saint Louis University we have
been -able to narrow dbwn the.breadth of what was at -one time thought to be a
diffuse zone of earthquakes, and now recognize it as having the charaecteristics.
of a true fault zone, at least 125 miles long, with an offset near its northern
end. We have been able to accomphsh this in spite of the fact that the fault is
covered by thousands jof feet of river sediment, and that there is absolutély no
surface indication of faulting. We also have been able to establish that beneath
-the. presently. most active part of the fault zone there is a region of lower-than-
normal wave velocities in the erust and upper mantle of the Earth, a condition
which possibly is'indi¢ative of the dilatancy tbat precedes earthquakes. But be-
fore we can make any predictions we must examine the behavior of this region
of anomalous. velocity| over a period of time, to see if it is changing and, if so,
by what amount. In ﬁhe meantime we also areé beginning to acquire an under-
standing of the source mechanics of the New Madrid earthquakes, which-is im-
portant information if we are to predict the, earthquake ground motion.

As T pointed out earlier, earthquakes in the East occur relatively infréauently.
As 8 consequence we do not have a sufficient historie record to tell us the size
of the maximum: possible earthquake that can occur in each of the long list of

" earthouake regions mentioned earlier. If we do not know how large an earthqnake
can he. we either have to overdesign structures to make them eapable of with-
standing the largest earthquake that has occurred anywhere in the world. or we
must accept a certain amount of risk in their design. Information-that could be
obtained by microearthauake studies would provide us with knowledge of the
leneth of the active fault segments, which is related to the maximum possible
earthauake that can be associated with the fault,

The third point of difference between eastern and western earthquakes is the
gize of the areas of damage and perceptibility. which is as much as one-hundred
times greater for eastern earthauakes. One obvious conseauence is that eastern
earthguakes. when they occur, affect. many more people. Another one, if we decide
to emphasize earthquake prediction for the large metropolitan: areas, is that we




o millions:of people, .
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~must look at a’much larger reglon of potential earthqualke sources that could’
--affect a glven metropolitanares, . . .. - .. ... o ‘

The importance of the low-attenuation: of earthguake ground motion in the
eastern United States cannot be overemphasized. Returning to the New Madrid
-earthquakes of the winter of 1811-1812 as.an example, the major ones cracked
stone' walls and knoeked down chimneys in St Louis-at o distande of: 200 miles,
Kknocked down chimneys.in Louigville at a distance of 800 miles and dgmaged
chimneys'in Cincinnati at a distatice of 400 wmiles; Tn 1811 there wasn't mudli in
the-way of man-made’structures to be destroyed: Now ‘there are, in addition 'to .~
the buildings that people live and work: in; structures such: as gas and oil pipes
lines;: dams ‘and:bridges whose dajhage and disruption: would ‘afféct:the lives of

An earthquake, no matter where it occurs, is catised by basically. the same
bhysical processes operating within the Barth, Thevefore thé methods and tools'
of ‘prediction will be essentially the same in- the Tast as: i the West. Most™ or

* hedrly-all of the research and expepience’ gained in predicting and reducing the
hazard of western earthquakes will he appli able to eastern ones. Bécause large:
--earthquakes oceur more frequently in the West ‘and because a much greater
research effort is being devoted to predicting earthquakes in that region, it is
%ﬁ;celg that the first'suceessful prediction of -a major earthquake will.oecur in the
est, e o . ‘
.- Buecess in prediction can be measured. in. more ways than the obvious one.of
-an-individusl or organization' correctly forecastifig the ‘place, time and magni-
» tude of an earthquake, Is an earthghake that ocours that wis not forecast as great
or.greater a failure in prediction as dn eévent that- was: forecast but failed to.
- materialize? This will depend on'the gouls of the prediction program, whether
they are to predict major earthquakes odeuriig only in certain specified places

. (for which large research efforts and expenditures of’ funds will be made) or:

- whether they are to predict all major earthquakes, If the Iatter is the cage; then
much more effort than is presently being expended will ‘be required: to-identify. -
all the seismic zones in the United States which have the potential for producing.
a destructive earthquake, . Lo : e

Nearly all the prediction tools that have been proposed make ‘use of observa-. -

“tlons of changes in various physical properties of the Earth! In- order to deter-
‘mine these changes, we must know:what. the ‘mormal values are. $ince for-large.
-earthqualkes some of these changes in properties take place over months or years
-of time, we require at least a number of years of observations to obtain the
necessary data. P S e g

T'was 'asked to-commentipon the outlook for suecess of ea
in the Bast. Basically, I think that it is as promising as it
the qualification’that if.is golng t¢-require more tiin

.. and'a greater amonnt of Yesearch:effort than is

~ few places, most notably the New Madrid regio c 3 :

ton, Sotith Carolina, we have 684bon can be expected ‘haye 'sonie 0f the baste

data -on earth properties and on active fault identification: that: are needed.for
earthqiiake prediction. But ‘even in these areas we d¢. not hav thi

©.-coverage and all the types of Instruments that are neces
to add-toour staffs the number of sclentists who would

- the data. In the remalndér of the ‘eastern United States; i ;

. it, we are-lacking basgie selsmicity data. Not only can we not rake ear .

" predictions -withoit these data, we-ca: not-even ratlonally  design wtructiires

without such informatien, PR T
: earthquakes 11-the West,

- In summary, the prospects of siccessfully prédicting earthq ;
- at-the present thne are greater than'in the Bakt bec ‘most of the aetive fanlty
are readily identifiable and because the theoty. of ‘plate téctonies aids. one inj
- Hast, where plate tectonles theory
ts, we will have to make use

knowing where:to look for earthgualk
ipf‘_,maﬁan. This'is 2 major

gives no.clue as to the location of:

of‘detafled sefsmicity studies ti itp the nece u 1
» undertaking,-but considering the dénsity of 1 140 the Bast and the wide«
* . spread -areas of damagethat sccomprny. such eprthynakes, it is both f reagon-
' ableand a necessary thing to do, Afterthe active faults have ‘heen delineated and:
_After we acquire sufficient data so that we can distinguish between normal and
‘anbmalons ‘physical properties of the Warth, I believe that’ ‘our: prospects: for
‘Successtul prediction of eastern earthquakes willtie as good as for western ones.

ke -
the West, with: " -
ded-in
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| STATEMENT OF OTTO W. NUTTLI, PROFESSOR OF GEOPHYSICS,
‘ ST. LOUIS UNIVERSITY ’

Dr. Nurrrr I appreciate your invitation to be here. .

At your request, T shall discuss earthquakes in the Eastern and the:
- Midwestern United States, and in_ particular how they differ from
- earthquakes in the West.and how this presents some peculiar problems
- with regard to prediction and hazard mitigation. -

Although large earthquakes occur relatively infrequently east of
the Rocky Mountains, no State is free from suffering some effects of
“earthquakes. This is in part a consequence of the fact that the percep-
tible and damage areas of eastern earthquakes are so much as 100 times
larger than those of their westerncounterparts of the same magnitude.:
‘Instead of aréas the size of b county being badly damaged, as in'the
west, a large midwestern or eastern earthquake will result in major
- damage to areas the size of a State or States. Indirect. consequence of
the earthquake can affect the entire eastern half of the country. {

Concerning the problems of ‘earthquake prediction and hazard re-
duction, there are three principal ways in which the eastern problems
differ from the western ones. In many other ways, of course, they are
similar, as T shall discuss later. The différences result from, one, the
fact that in the east we cannot easily identify the faults that are re-
sponsible for the earthquakes, two, the fact that the frequency of oc-
currence of earthquakes is less in the East than in the West, and, three,
* the fact that larger damage areas result from eastern and midwestern’

earthquakes., . . . R : o

In California and Nevada one can, from the ground or from.an air-
plane, actually sce the San Andreas fault or the faults along the Sierra
Nevada front where the major earthquakes occur. They are readily
accessible, so that one knows where to place instruments such as’'geis-.
mographs; tiltmeters and other devices to-make the kinds of measure-
" ments that-are réquired for earthquake prediction. = - ‘

Tn the East. on the other hand, we cannot so readily identify the
active faults. Some are covered by hundreds to thousands of feet of
alluvialcor glacial sediments, which obscure their presence. They can.
be seen-only indirectly, either by locating and mapping the numerous
microearthquakes that are continuously occurring ‘along them or by
. geophysical methods; such as seismic reflection techniques, which en-
able,us to map the deep underground strata. - - e .
~:Only afterthe earthquake-active regions of the East have been iden-
tified and accurately located, which is what we call seismicity studies,
can we. get on to the problems of earthquake prediction. Some of the
information gained from seismicity studies will also be data that can
be directly applied to earthquake prediction studies. ‘ :

T will not recite the large number of places where earthquakes have

occurred in the past or might occur in the future in the East and Mid-
west. It covers most of the Eastern half of the United States. o
~"We 'should do as much as we can' to-delineate these seismic zones,
Both so that we can make reliable estimates of earthquake ground mo-
tions, in order to construct safe buildings at no greater cost than is
necessary, and:so that we can begin-to get about the business of earth-
quake prediction.
The technology is available. If we are provided the resources neces-

sary for such research; we can achieve these objectives of delineating
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active fault zones and ‘of establishing the ground motions that will
result from earthquakes occurring inthem, . . o ey
:Let me speak, for examplé, of a ¢ase with which T am most familiar.
In recent years'St. Louis University has received supdport‘- from the
U.8. Geological Survey and the National Science Foundation for just
: suﬁi studies in the New Madrid seismic zon
valley.. : IR A A R . s
In‘yh'istol'icftimés"thi’s seismic zone has been the most active of any
in the Eastern United States. In the early: history of our country it
produced some truly major earthquakes, O R
- As an aside, T might merition that the first scientific’ publication
concerning these earthquakes was written by the late’ Hotiorable
Samuel I\/I%tchill,, a Congressman from New York. And the first Federal
. Disaster Relief Act was passéd in 1815 to give citizens titléto new land,
~to replace the land that was ravaged and made unproductive by the
, To return t6 my example, as a consequence’of the research support’
given to 8t, Louis University we have been able to narrow down the ,
- breadth of what was at one time thought to be a diffuse zone of earth-
quakes, and now recognize it as having the characteristics, of a'true .
,faglt zone, at least 125 miles long, with an offset riear its northern °
end, Lo LER RN S i e en : B S ETIRE D LR T IR

the central Mississippi

We have been able.to accomplish this in spite of ‘the fact that the
faitilt i$ covered by thousands of fest of river sediment, and that there
is absolntely no;surface indication of faulting, ~ =~

have also been able to establish that béneath the preseritly most

3 ¥ L

active part of the fault zone there is a region of Jower than normal
- wave velocities in the crust and upper mantlé of the Earth; a-condition
‘which possibly is indicative of. the dilatancy that precedes earthquakes,
~ But before we can malke any predictions we must.examine the be:
havior of this region of anomalous velocity over a period of time, to

cquire an-understanding
quakes, which 18 im-
tthquake ground motion.
rtha T Fast oceur relatively in-
e do not have a sufficient historic record
to tell us the size of the maximum possible earthquake that can occur
~in each of the long list of earthquake regions mél%;ioned‘e‘arlier; R
. 1f we do not know how large an earthquake cati' be, we either have
to overdesion structures to make them capable of ‘withstanding the
largest earthquake that'has occurred anyswhere in'the wor Ywe
must accept a cert n amount of risk in their design, .’ SN EP
Tnformation that could be obtained by microearthquake ‘studies
would provide us with knowledge of the length of the active fault seg-
merits, which is related to the maximum possible earthquake that can
be associated with thefault, =~~~ " 0o o e E T
The third point of differénce between eastern and western eatth-
‘quakes is the size of the areas of damage a aptibility, which is as
much ag 100 times greater for eastern earthquakes, 0
~One-obvigus consequence is that eastern-earthquakes, when they oc-
cur, affect muny miore people, . T S
_.-Another one, if we decide to emphasize earthquake ‘prediction for
the large metropolitan areas, is that we must look at & much larger

As I'pointed out-ea
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re%i,on‘ of potential earthquake sources that could affect a given metro-
politan area. , C o

“An earthquake can-affect & region as much as 300 or 400 miles away.
"' The importance of low attenuation of earthquake ground motion 1n
the Eastern United States cannot be overemphasized.. - -

‘Returning to.the New Madrid earthquakes of the winter of 1911-12
as an example, the major ones cracked stone walls and knocked down
chimmneys in St. Louis at a distance of 200 miles, knocked down chim-
neys in {muisville at a distance of 300 miles, and damaged chimneys in
Cincinnati at a distance of 400 miles. - V oo

In, 1811 there wasn’t much in the way of man-made structures to be
destroyed. Now there are, in addition to the buildings that people live
and -work in, structures such as gas. and oil pipe lines, dams and
bridges whose damage and disruption would affect the lives of millions

Qf;geople; : - :
n earthquake, no matter where it oceurs, is caused by basically the
same physical processes operating within the Earth. Therefore the
methods and tools of prediction will be essentially the same in the
Fast as in the West. Most or nearly all of the research and experience
gained -in_or predicting and reducing the hazard of western earth-
quakes will be applicable to eastern ones. ‘ SR B

Because large earthquakes occur more frequently in the West and
because a much greater research effort is being devoted to predicting
earthquakes in that region, it is likely that the first suecessful predics
tion of a major earthquake will occur in the West. '

Success in prediction can be measured in more ways than the obvious
one of an individual or organization correctly forecasting the place,
time, and magnitude of an earthquake. For example, suppose we don’t

redict an earthquake that occurs somewhere, is that a prediction
Failure? Is that as great a failure as predicting one that does not occur.
“This will depend on the goals of the prediction program, whether they
are to predict major earthquakes occurring. only in certain specified
places, for which, large researc efforts and expenditures of funds will
be made, or whether they are to predict all major earthquakes.

1f the latter is the case. then much more effort than is presently being

expended will be required to identify all the seismic zones in the United
States which have the potential for producing a destruction earth-

uake. L : :
4 Nearly all the prediction tools that have been proposed make use of
abservations of changes. in various physical properties of the Earth.
In order to determine these changes, we must ‘know what the normal
values are. Since for large earthquakes some of these changes in prop-
erties take place over months:or years of time, we require at least a
number of years of observations to obtain the necessary data.
T was asked to comment upon: the outlook for success of earthquake

rediction in the East, Basically, I think that it is as promising as it is

or the West, with the qualification that it is going to require more
time than is needed in the West and a greater amount of research effort
than is presently being carriedon. - : .

In & few places, most notably the New Madrid region, New York
State and Charleston, 8.C,, we have or seon can be_expected to have
some of the basic data on earth properties and on active fault identi-
fication that are needed for earthquake predietien, - ’

v r\
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But even in these areag we do-not have the density of coverage and
all the types of instruments that are necessary, nor the resources to add
to our staffs the number of scientists who would be needed to interpret
the data. . e I L B e L

In the remainder of the eastern United States, which ineludes most- .
of it; we are lacking basic seismicity data. Not only can we not make *
earthquake predictions without, these data, we cannot even rationally -
design structures without such information. =~ = - . el e

In- summary, the prospects of successfully predicting earthquakes
in the West at the present time are greater than in the East because
most of the active faults are;‘wa:gli}ly-i;g%gni;;ﬁabl_e and because the theory
of plate tectonics aids one in knowing where. to look for earthquakes,
- Inthe East, where plate tectonics theory gives ne:clue as to the loca-

- tion of the active faults, weé will haveto make use of detailed seismicity -
- studies to obtain the necessary:information. This is a major under- .

taking, but considering the density of population in the East and the

- widespread areas of damaige that accompany .such earthquakes,-it. is
.both a reasonable and a necessary thing to do: , RORRTE o

- After the active faults have beenfgﬁelin@abad; and after we acquire -

sufficient data so that we can.distinguish between normal and anomal-
ous physical properties of ‘the Earth, I believe that our prospects for - .
successful prediction of Eastern earthquakes will be as good as for
Westernones. =~ - 0 ool SRR e s P e

Mr. SymiNeron. Thank you, Dr. Nuttli, for a very.fine presentation.

Mr. Brown, do you have questions?: . v v a0 e n

Mr. Brown. Dr. Nuttli, do you-have any hypetheses or theories that
“would ‘explain the seismicity of the earthquakes in the Eastern’ and
- ‘central part of the country in the absence of a plate boundary? Is it

possible that the plates therselves are not -rea‘lff - shall we say, inte-
gral and that they might have cracks in them hey are subjéet -

to flexing? ; S i e ;
- Dr, Nurris: The plates are probably in a state. of stress, They are
being pushed apart, say:in the Atlantic Ocean, and they meet some .

* resistance at the Pacific boundaries. So they sre in g étate of stressand

_ anything that tends to modify a state of stress conld be responsible for
~ the earthquakes themselves. We wonld: like to test this hypothe
the seismicity studies; #: % % ol e el e
. Mr, Browx. From your standpoint, e-kind of monitoring -
data and instrumentation and so. forth would be as applicable to the
légti o?f data that you need as it would be in'the: Western United
_Dr. Nurrrr. We would need to make the same kind.of méasureménts
thatare made in'the West with the addition that 'we firdt of all would
have to outline the active faults. T P
- We would“first have to humt themeut arid then we could go ahead
- with the other kinds of measurement ledding to earthquake prediction.
.. Mr. Browx. In othier words, fault structure is not necessarily iden-
tified with plate boundaries? = ¢ G g e e e
Dr. Norrer Right, There arve th
‘and Westetrn:pafts of the country.

- fanilts throughbut the Basbern
- Mr. Broww. In your deseription of the larpe earthiquales in the 1811
= pembd and thbdata you gdvé us on these, how was that data obtained ¢
RS B B UT L SN oD AR SRR T : Do




162

Dr. Nurrni. It is newspaper sccounts primarily and the one item
I fjust mentioned in passing by Congressman Mitchill from the State
of New York written back in the early 1800’s.

. Mr. Brown. I’'m glad you put it in because at these times it is good
~to know that Congressmen at least in the past were capable-of doing
- something useful. L SR :

~You heard the testimony of the. two earlier witnesses.: Would you
have any major differences with them with regard to the level of re-
sources and the application of funding in this field? Does it: seem
roughly reasonable? ~ - e Coer

Dr. Nurrri. They seem like very reasonable numbers; yes. T am in
basic-agreement. L : =

Mr. Brown. It is your view that we have reached a point in the
development of knowledge in this field that it would be timely to move
with considerably more effort and with a higher priority than we have
inthepast? ' : ' : A
- Dr. Norror T feel that we have the people to-do it and we have the
technology. = SRR S

* Mr, Browx, Thank'you very much.

Mr. Symiveron. Thank you, Mr. Brown. . - s -

We had some testimony yesterday from the U.S. Geological Survey
witness, I think it was, who said that he had recommended a certain
figure—I cannot remember what it was—to the Department of In-
terior and they had recommended a certain figure, he did not remem-
ber what that was, to the Office.of Management and Budget, and they
had recommended a certain figure which of course appeared, and he
could ‘not remember—$10 million, I think, for 1977, or thereabouts.

And then I asked the witness if he. thought they could use more,
given the existing technology, to hasten the day in which we might be

-able to make more accurate predictions and: perhaps intelligent pro-

visions for the possibility of an earthqualke. ' R

He said, yes, he could use more, but he was reluctant to say how
much more. Do you have any idea from your experience as an individ-
ual involved in this work and perhaps familiar with the budgeting
involved, what we could do:with ‘that budget; without a bill at all,
buit simply to:increase our effort of today? - o :

Dr. Nurrur. We have been speaking this afternoon of about $20
million in funding for the ea‘rth(ﬁmkef prediction part itself. I believe
Dr. Press had: broken the $20 million into subelements. I could repeat
them for you, if youwish. =~ . o Co

Mr. Symineron, Oh, no. I missed that testimony but I will go over
it. Tam gladit hias been covered. . - : > '

- Can you tell me a little bit more about the southeast Missouri earth-
quake ¢ What occurred there ? : SRR
" Dr. Nurtmi. It was a whole series of earthquakes starting Decem-
ber 16, 1811. It was one of the first major earthquakes: It was so strong
that it changed the course of .the Mississippi River. It completely
ravaged the lands in southeast Missouri and northeastern Arkansas so
that they were impassable even on horseback. There were large rifts
" in the area, 10 feet wide, and many feet deep. The earthquake knocked
down everything in the neighboring settlements. There were not many,
only-about 5,000 people in the territory of Arkansas and the southern
part of what we now call Missouri and 5,000 people in the St. Louis
"area at that time. ,




163

The earth%la,ke dld maJor damage in St Lou1s Ib dld damage as

far away as

their hounses i1 the middle of night in Pittsburgh in severe fright. In

‘Washington, D.C. it was strongly" felt also and 1t was. felt as’ far

away as 2,000 miles, in Canada. '~

. There were also thousands of smaller earthquakes and on Feb-'

. ruary 7 the biggest: earthquake of all happened. People describe the
‘earthquake and. its aftershocks as such that the: eafrth did ‘not setﬂe

down for a day.

incinnati where it cracked chimneys. People ran out of

-Itis hard to predict: ho’w people Would behzive now. It will: happenk G

somemme in the future. There 'were big earthquakes after that in

. 1848 and 1895 which did a fair amnount'of damage.

' pending upon thé fault there is' sothe ma:
: eoncelve of in'some: reasanablg*Wa]y [

o makes np the Barth'itsel

‘Mr. SrmrngroN. That'sounds like 40-year intervals. = - Lt
Dr. NurTer. Yes, but thersiave been no barthquakes smce 1895 of
a comparable size. Recently in’ March 1976 there wds one in" south-
western ~Arkansas, 40  miiles northwest rof -'-Memphm, and 1t cracked
plaster in Memphis. =~ " : ’
: Mr. Brown. Could I interject, Mr. Chalrm inf Was it to your

. knowledge the most severe éarthquake thath cutred?

.+ Dr, Nurtry: There are different ways! casuring the size ‘and
severity of an-earthquake.' One ‘s"‘the ‘magnitude of the’ ‘earthquake;
‘The magnitude of the San Franeisco 1906 eartli ake wak 8. ?rI would:
estimate the-magnitude of thig earthquake,» : _ 18 :
as 8.2,'almost of comparable size: 2 : ' :

Tn terms of the area of land bemg devasted the earthquakes of 1811
and 1812 affected much bigger areas.

‘M. BrowNX. You have a:seatence in your statement Whlch 54y8 bhe
length of the active fault segment is related to the maximum' possible
earthquake that can bé asdociated with a fau]”c “Am'T to assume from -
‘this that earthquakes.are not unhmlted in their size: ahd force emd des -

11m whleh ‘we can f :

r, Norrer, Correct. -
BROWN I say this because in’ the
gLe ify myself, there is somieti mes &
aquake gan be of an unlimited structure it Test ;
‘nia. dropping off into the ocean or some that-so
frightening and the sense of it being unlimited increases the fmghten—
ing aspects of’ earthquak@ “That is not the case; t’hongh? ’
Dr. Nurrir. As far as we know, there is a certain thereshold for the
‘size of the earthquake dczpendmg vipon the strength of the rock which
, That would probably correspbhd*to the big-"
“gest earthquake that occarred: anywhere in the world of about magni-
~tude 8.7.In- theory there isno upper 11m1t but ; g there appears
ktobeo*ne. Sl
i Mr. SYMINGTQN Tnthat connection, yesteriday there was. testimony*"
: about ‘the most up-to-date methods of reinforcing structures, et cetera,
and there were various estimates of 10 peicent of the otherwise lost life
-and property. That is kind of a depressingly low percent for a return
on what, as I take it would be a considerable investment. Must we con-
. tent; pursel suoh:a small return ¢‘Or ean Something be' done: to

gt dsh%pe@ple ; sjréliad i1p to'go into this kind of ‘werk?
~ vrTize koam nbtoan earthyiake: engMeef and I am really ‘fot
quahﬁed to comment on the 10 percent.
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Mr. Brown. I think that referred to structural damage and not
lives.

Dr. Nurrrr, Ten percent of several billions of dollars is still a lot of
money, .

MI‘?,SYMINGTON. Are you familiar with the Earth resources satellite
observations and are they relevant now to this study ?

Dr. Nurrrr. I don’t know of anything firsthand but I read about
them: I am not doing any research along those lines. Perhaps Dr. Whit-
comb tomorrow will discuss this.

- Mr. Syminaron. We want to: be sure that we don’t overlook any ve-
hicles and instruments for helping us along. Of course, that grogrm.
is financed in part from other sources. So it is sort of a lateral diffusion
of help. I understand they can spot faults and things like that.

Dr. Nurrrr. Yes, that is my understanding.! : .

Mr. Syaneron. We will recess for a few minutes and then return.
I have one or two questions for you, Dr. Nuttli, when we return;if you
could indulge the committee.

[Brief recess taken.] R

Mr. Syminaron. We will come back to order. :

Dr. Nuttli, you describeéd some fundamental differences between the
East and West with respeet to earthquake likelihood and scope. What
would the implications for a national earthquake hazard reduction
‘policy be which would flow from these perceived differences? -

Dr. Nurrri. We know that earthquakes are going to occur in the
East. We know that from past experience. Someone has made an es-
timate that if we take the total area affected by earthquakes over a long
enough period of time that the East will. be affected equally as well as
the West, :

This is a very long-term average of possibly 1,000 years or more. So
I do think we should be getting about the problem of studying these
Eastern earthquakes. There are some parts of the East where we do
not even record earthquakes that are strong enough to cause some minor
damage. It is just because of a lack of funding and a lack of people

‘taking part in these studies. But I think there are no fundamental
differences in doing earthquake prediction in the East o in the West.

Mr. Syminerow. Is it your thought that we may arrive at a point
where we will have the science and technology to predict the onslaught .
of an earthquake, say, a year in-advance, or 6 months, or 5 years?

Dr. Nurrer. We don’t have it at the present time. I think if the kind
of research activities that are being discussed this a4 fternoon are actu-
ally carried out, that with enough effort-—we are speaking of long-term
effort of perhaps 10 years or more—that we might develop that ca-
pability inthat time but we cannot do itat present, o

Mr. Syminaron.. Do you think we will have it within 10 years?

Dr. Nurrrs. I am not certain. It depends upon how much effort is
put into earthquake prediction and having the basic research and
efforts and just what the accomplishments are. But in'the New Madrid
area we do know where the faults are and so we are up to the point
W{mre, we are in the west, so far as monitoring the fault zones them-
selves. : :

Mr. SymneroN. I missed the earlier testimony. I don’t know
whether there was any to the effect that somekind of human interven..
tion is possible through, I suspect, the use of nuclear power. ‘
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Dr. Norrir, This was touched upon only very, very br1eﬁy I think
Dr. Allen mentioned that——
Dr. Aurex. I think it was Dr. Press. -

Dr. Nurris It was very far dovvn the 11ne, if at all practlcal I am
skeptmal of it myself. ,
Mr. Symineron. I'tend to be-also. I'guessif you had something suf-
ﬁcently large to alter that kind of-a disruptive force it would be -

more than you would want to use’ inany event So you say we are gomg a

tohavethese? ,
, Dr. Nurr. Yes; and we should do all we. can to protect people

. when they occur.

" Mr. Sysaxerox. You think if we 1nvest sufficiently 1 in ex1st1ng and
likely science which will come on line within the 10-year, time frame,
you mentioned that we will be much more likely in 1¢ years'to be able

i to make this kind of pred1ct10n in time to do something about it?

B

- Dr.Nurrer I think that is ¢értainly a correct statément. .
- Mr. SymiNeToN. So in your view the budget ig'about 50 percent. for
1977 of what it oughtto be to take full advaﬂtage of the talents and

T - jgkills which could be addressed to this problem?

" Dr. Nurrir. Right. We do have the people’ and We have the techw
_nology as well to do these furthel studies. ..

Mr. Symingron. This is hypothetical but if we Were l};anmng *forv
something as apocalyptic as World War III and you knew it was
coming in a certain number of years but could be forestalled with
proper investment in a decade, there should be very little difficulty in’
getting ‘the. Government to ask and the Congréss to glVe Blit 1tis

5 more difficult in thisinstance,

r. Nurrer. Well, we do know that earthquakes will happen in the
:furture Weare eonvmced of tha;t We cannot tell ycm When, at least axt
the present time. o : v
- Mr. Sym~eron. I guess 1t i dlﬂicult to get Congress to vote f\mds

in budget—ught periods for something that might ocour 150 yearsin the
future. It might cause a lot of people to think it is not their problem.
- Dr. Nurrus, But even though we have these very large earthquakes -
~at long intervals apart, we do Have smaller ones which are still quite
- damaging. They.do occur more frequently. We should not'use that as
an argument for doing something, ,

Mr. SYMINGTON. Or fqr not domg enough. A

“Dr; Nurrer. nght

‘Mr. Symingrox. Certainly $20 million which could save at the
moment of truth hundreds of millions is not a bad 1nvestment

Dr. Nurrrn And livesaswell.: ~

Mr. Symingron. Well; I thank you very much

. Dr. Nurriz, Thank you, Mr, Chairman. L

- Mr. Symrngron, T.would enjoy going on wﬂ;h thm but T 'think we
owe it to our ether witness to terminate here. 1: hope that if we have
questions to submi writing;” you would be Wilhng to glve us your

answers ¢ oA , ‘ e
Dr, Nurrer 1 Wou'ld bepleased todose. -~ < el
Mr. Symrxaron. Thank you very much, for bemg wath : today

Karl Qtem-‘

University ‘of

- We will now have-our fourth: and- Bnal’ w witness,
brugge, of the Depwrtment of fnwronmental Demgn,
California at Berkeley S ,
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We are pleased to have you with us and thank you for your
patience. We welcome your testimony.
[A brief biographical sketch of Dr. Karl V. Stembrug e follows ;]

DR KARL V. STEINBRUGGE

Profegsor of Structural Design, University of California, Berkeley. Consultant
to Federal Agencies: NSF, FDAA, and USGS. Manager, Earthquake Department,
‘Insurance Services Office, Pacific Reglon, San Francisco.”

Chairman : California Sejsmic Safety Commission, Earthquake’ Engmeering Re-
search Institute: Past president. State Mining and Geology Board (California) :
Former member. In 1970, Chairman of the Task Force on Earthquake Hazard
Reduction, Office of Science and Technology, Executive Office of the President,
‘Washington, D.C. .

" Graduate, Oregon State University, 1941, with B.S. in Civil Engineering, Pub-
lications : 28 major papers, plus many minor papers. Licensed civil and structural
engineer, California.

PROFESSIONAL AND SCIENTIFIC ACTIVITIES

1. Past president (1967-68), Seismological Society of America: also past sec-
retary (1960-64) and -director, Has served on numerous committees.

2. Past president (1968-70), Earthquake Engineering Regearch Institute : also
‘past director and secretary. Has served on many committees, such as chairman
of ‘a committee which translated and published Russian earthquake engineenng
publications (financed by the National Science Foundation).

3. United ;States Delegate to the International Association for Earthquake
Engineering, 1969-73, and he is a member of their Executive Committee, 1969-75.

4, Chairman, United States National Commlttee on Earthquake Engineering,
:1969-75.. Member, 1975 to ~——.

5. Past direo'tor (1964-65), Structural Engineers Association of Northern Cali-
fornia: served on numerous seientific and professional committees; he is current-
ly on a committee which is restudying lateral foree code provisions.

6. Honorary member, Construction Inspectors Association. (One of the prin-
cipal organizers of this association.)

7. Member, United ‘States National Committee on Geology, 1967-71.

8. Fellow, American Society of Civil Engineers: has served on numerous ¢om-
mittees such as on .a committee to evaluate papers. to be given at national meet-
ings held in San Francisco in 1963.

9. Member, American Concrete Institute: has reviewed sc1ent1ﬁc papers for
. publication.

10. Member, American Geophysical Union.

11. Has served as member or chairman of about 6 NAS/NAE Committee/
Panels

SPECIAL SERVICES TO GOVERNMENTAL AGENCIES

Federal agencies

1. Office of Science and Technology, Tixecutive Office of the President, Wash-
ington, D.C.: Chairman, Task Force on Earthquake Hazard Reduction, 1970.

2. Advisory Committee on Reactor Safeguards (ACRS), Consultant, 1964-date.
(The ACRS 'is an agency established by Act of Congress.) The work coneerns
itself with the siting of nuclear reactors and other safeguards with reéspect to
the earthquake hazard.

3. Department of Commerce and Department of Housing and Urban Develop-
ment: (a) A substantial portion of “Studies in Seismlcity and Earthquake
PDamage Statistics”, submitted in 1967. (b) “Studies in Seismicity and Darth-
quake Damage Statistics, 1969”7, Appendix A, submitted in 1969.

4. ESSA of Department of Commerce studies of numerous earthquakes, in-
cluding the 1964 Alaskan earthquake, 1969 Santa Rosa, California, earthquake,
1971 San Fernando, California, earthquake among others.

5. Department of State, AID Program: a special study of the earthquake
hazard in Caracas after the 1967 Venezuelan earthquake.

8. Office of Bmergency Preparedness: served on thelr Evaluation “Board with
‘espect to. their 1967 study of earthquake hazard in.San Franecisco. A similar
‘study for Seattle, Washington was evaluated at a later date. :
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! 7. Department of State and“Department of Commerce.: chairman.of a team of: -
scientists and engineers which wassent to USSR i 1969 t6 investigate their sta
of the art of earthquake engineering and engineering seismology,” -~ . %

8. U.S. ‘Geological Survey: Menber of a:team which went to USSR to.meet
with’ Soviet: counterparts.on’ earthuake piediction problems, (1978).-- - . .. ¢

‘9. U.8. Geological Survey: Member, Barthquake Studies Advisory Panel, 1973
to—. .. S e R
State and local agencies Gl ) P :

1. Sat Francisco Bay Conservition and Development Commission : Chairman
of Board:of Consultants on Safety of Fills, 1970-71. Mémber, 1971-72: .

2, Tri-Cities Study on Earthquake Hazards, member of Advisory Board, 1973;

3. (State of California) Governor's Barthquake Council, member, 1972-74, . -

4. Tegislative Joint Committee on Seismic Safety (Califernia) : Chairman of
Advisory ‘Group on Engineering Considerations and Barthquale Scfences, 1969

©_to 1972. Chairman of Advisory Groupy’ Executive Committee, 198974, :
5, California State Strong Motion Instrumentation Prdgram‘—Advisory Board,

‘member, 1972 to -—. ‘L ‘ Al B NI
*6. California State Mines:and Geology Board, yember, 1969:40 —. o
. T.-Seisnmilc Safety Commission of State of California, Chairman, 1975 to—.

| STATEMENT OF KARL STEINBRUGGE, DEPARTMENT OF ENVIRON-
 MENTAT, DESIGN, UNIVERSITY OF CALIFORNIA AT BERKELEY

Professor Sterneruaar. 1 thank you for this opportunity to testify -
before the Subcommittee on Science, Research, and Technology. Tn -
my ‘capacity as chairman of the California Seismic Safety Commis- -
‘sion; T havebeen asked.to speak on the function and viewpoints of this
' .commission on earthquake hazard' reduction problems with respect
" to possible actions by the Federal Governmefit, .. = .
~_ California is currently the .principal testing ground for earth-

" quake prediction research and earthquake haz. * mitigation efforts.
"These activities have: placed the State in a guihea pig arena, with
many of the problems that this connotation may:imply. As a result, .
-the California_Seismic Safety Commission is significantly involved -
with a number of State and Federal ageneies. .~ .~ R

The commission’s origin stems from the Joint Legislative Com-
mittee on Seismic Safety established by the California Legislature in

-1969 under the chairmanship of Senator Alfred E. Alquist. Its objec-
tive was to “develop seismic safety plans and policies and recommend
to the legislature any needed legislation to minimize the catastrophic
effects upon the people, property, and operation of our econemy
should a major earthquake strike any portion of California.”

‘A ‘total of 70 advisers under my chairmanship: worked for the
Alquist committee, producing after 4 years of study the report “Meet-

ing the Earthquake Challenge.” This study is public policy oriented,
.and includeés relationships between ' St: nd: Federal Governments.
Copies of this California effort are being given to your subcommittee.

Although the primary effort was directed toward. the preparation
of the final statewide seismic safety plan, a number of items of legisla-

tion——considered too important to be delayed—were enacted:. .. "

The final piece of legislation from the joint committee was that
which established the Seismic Safety Commission. This commission
has been in existence for about 1 year and is the continuing body on

- seismicsafety problems. . o R ~
- Clearly, the State of California has shown substantial interest in
seismic problems. Tt has brought about significant public policy results




168

“in land-use planning in fault zones, hospital safety, disaster prepared-
ness planning, among others. S

But it has also become evident to the commission that the continu-
ing problems have ramifications which involve many Federal agen-
cies. For example, California simply does not have the medical,
financial, and other resources necessary to cope with the expected
losses after a major earthquake. Qver 10,000 deaths could be expected
in the San Francisco area; over 12,000 deaths in the Los Angeles area.
Property losses will be in terms of tens of billions of dollars. Current
research studies on earthquake prediction indicate that a substantial
life saving will result from a successful prediction, but that the overall
financial impact could be worse. = - ‘ ' =

As a result from the State’s point of view, a reliable earthquake
prediction capability may have some of the aspects of a mixed blessing.

‘Whenever a high confidence prediction is made for a major catastro-
phe, State and local government responses can be drastic and expensive.
For one State and local governmental action, hundreds of thousands
of people may be removed from homes, hospitals, factories, offices, and
the like, thereby resulting in loss of income, costs for temporary hous-
ing, and other social, economic, and political problems which could
cost billions. The State does not have these resources. For one example,
the Chinese-American population in San Francisco’s Chinatown are
in a hazardous building area which, for historic-cultural reasons, the
public wants to preserve. Evacuation of this minority population
would be mandatory in the event of a prediction, with the added need .
to keep together the removed population for linguistic and cultural
reasons. Costs of these secondary effects will be expensive, and not
eliminate the reconstruction costs after the event.

Turning next to the proposed legislation before this subcommittee,
I find the general objectives expressed on all of them to be satisfactory.
However, all bills could be improved by increasing the emphasis on the
understanding and implementation of the eneineering-s6cio-economic-
political ramifications of an emerging prediction capability.

Specifically with respect to the details of the bills: :

One: A strong multisgency national program is necessary, with its
administration being physically lecated in the Executive Office of the
President so that realistic Federal agency response can be expected.

Two: The National Science Foundation and the U.S. Geological
Survey should he colead agencies for all pure and most applied
research responsibilities. : :

Three : There is a need for Federal predisaster assistance in order to
mitigate potential adverse effects from a predicted earthquake; this
would be in addition to the postdisaster efforts by the Federal Disaster
Asgsistance Administration. Alternately, the benefit/cost of earthquake
prediction may be a negative factor in a monetary and social sense.

In summary and conclusion, it would seem best to amend the Crans-
ton bill, incorporating the relevant sections of the Mosher and Bell
bills insofar ag they relate to the items discussed above. Next, the levels
of funding listed in the Cranston bill should be augmented to broaden
the base of research. Finally, may I give you copies of the report
“Earthquake Hazard Reduction” which is a viewpoint on priorities
and potential benefits. :
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1 would like to add at this point that I would agree with what the.
previous speakers have said regarding the level of ‘funding with
respect to earthquake prediction capabilities. ..~ . . ‘

When we are talking about the broad-approach to mitigate some of
these problems, we will need additional funds... . .. =~ .
~ Mr. Symineron. Thank you very much. T gppreciate the succinct

and helpful statement. P Y :
You have heard the other witnesses and you are familiar with the
fact, I suspect, that the Government witnesses:opposed: these bills on .
the ground that there is an existing competence and jurisdiction and
‘scope under the disaster relief clause which is available to the Govern-
ment today without any further legislation, - ..~ e
~ You seem to support a variation of the Cranston bill. Why is it that
you do not agree with the Government witnesses that there is enough
scope in today’s legislation to deal with this problem? =
rofessor Strrnerugar: There may well be and I believe I should
perhaps state that there undoubtedly 1s this capability and competence.
But there is a difference between capability and com etence and the
use-of them. Therefore I feel that to implement something like this is
not, a matter of agencies: getting together and talking about. compe-
tences and leaving the matter at'that. e R
‘Tt is for this reason I believe the administration of the enacted legis-
lation should be in the Executive Office of the President so heads can be
pounded together and’get -action. At present there are only two
~ agencies of the many who are truly doing gomething: about ‘hazard
reduction ; namely, the Geological gurvéy and the National Science
Foundation. - : B R RO e e e
- Mr. Symineron. HUD, T think, has some disaster relief obligations.
Professor STeINBRUGGE. Yes, they do, and T have also been involved,
but they appear to be taking a lessening interest. I think many agen- -
‘cies may-feel somé of the financial implications of the prediction itself.
Mr, Syminerox, Is there some psychological moment at whieh the
public will be told of the prediction? Tf so;what degres of certainty
“on the Richter scale prediction should be the eriterion for telling them
‘at that particular point or should it be like tornado warnings that one
may be in the area and the time passes and.it is predicted to hit'ina -
certain place at a certain time? Do you anticipate sort of phased:
warnings? I suspect that is inevitable. e ) e

Professor ‘SternBrUaee. With respect to earthquake predictions; I.
would agree with the statement made by Dr. Clarence Allen; namely,
that all prediction inforination must be made publicimmedidtely. The
degree of action to be taken is something that.our Commission is
heavily involved with becatise a false prediction may be very- costly—

et us take the case of moving all of the people out of San Franecisco’s
Chinatown or all: of ‘the poor people out of the Tenderloin:and the
State not having the funds to take eare of this problem. This will
canse nolitical ramifieations as well as economic problems. . ..

We have not yet-comeup witha solution, = - o o0 e

Alternately, to hide predietion information from the publie, is prob-
ablv the worse thing we.could do because the news media could justi-
~'fiably prab on’that and result in an overaldtmed public. I think we

have to“tell it ikeitis? . = i

fendn, s ER
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-Mr. SymingToN. Of course, the testimony that we have heard before
this committee in the past couple of days, 1n one sense, has constituted
an absolute prediction that there will be an earthquake within a cer-
© tain recognizable time frame in the eastern part of the country. The
first warning has already gone out.

Professor SteiNBrUGGE. It is not “if we are going to have an earth-
quake.” It is when. And under those circumstances we must look at
prediction a little differently.

I might add that while I am speaking here from the California
point of view, I have also had the opportunity to look at these prob-
lems from the national point of view. It is my personal point of view
that the single greatest disaster to strike the United States, from the
point of view of earthquake, will not be in California. It ‘will be in
the east of the Rocky Mountains. Larger life loss and property damage
will occur in the area where there is no preparedness at all. And it
will be catastrophic, far greater here in‘the East, than it will be in
the West. It is a national problem. ‘ ‘ S ,

Mr. SymineToN. Does that also take into account the possibility of
a tidal wave in the West? - i , o

Professor Strineruaer. I don't expéct that a’seisihiic:sea wave hav-
ing its origin off of Alaska, Chile, or Japan doing significant damage
in California compared to a great California earthquake. ,

Second, the west coast warning systems are ideal in that they may
give lead times in terms of hours: This means that one can evicuate
people. The inundation areas are well known and well defined. Indeed,
in Hawaii, theé-phone book shows the hazardous areas; we are trying
to do something like that in California.

Mr. SyminaroN. Who funds your commigsion ?

Professor Sterneruaer. The State of California.

Mr. Symineron. What is the budget ? { o

Professor Steinerucer. About $125,000. We' do not want more
monsey. ' o

Mr. SysinaronN. That’s nice. What do you do with that money ?

: Professor Steinerucee. OQur job, as we view'it, is policy and over-
sight. We do not engage in research. We do not maintain any opera-
tional capabilities. As such, we work with all agencies within the
State and often can speak for their proposals or against them as the
case might be.

We have direct access to the legislature through the two legislators
on the Commission. We also are directly accountable to the Governor
and are a little unusual in this joint responsibility. :

The Commission examines a number of unusual and complex prob-
lems. For example, as engineers and scientists learn new things about
earthquakes and incorporate the findings into the building code—as
we are doing now in California and others will bé doing in many
parts of the United States—this will result in a number of the build-
ings constructed today “unsafe” a year from now. This means that
today’s construction is legally safe but an identical building con-
structed in a year or'two-may be legally unsafe. If we want “perfect”
safety, we will tear down all of California’s buildings every time there
is a new building code. That, of course, is not acceptable. Practically,
‘then, the Commission must concern itself on how unsafe a structure
has to be before something is done about it,

Mr. Symingron. I remember not long ago in St. Louis, in the West
‘End, they were planning some housing with HUD and they were told




that they were in a certain zone Where the reqmrements for the struc~ ‘
tures would increase the cost of the project’ by, 20 percent or- s6. This
was all based on the southeast Missouri earthquake; I guess over 100
years earlier. So it seems to me that these awat ses are alrea.dy
- cranked into bureaucratic initiatives. -
Professor StrrNpruGar. The numbers pertaining to the cost: of earth-;

quake bracing are often bandied about and they are difficult to reviéw ‘ N
without knowing more about theni; It all depends upon the base on@s e

“starts from-and where one goes fromithere. - ‘
For example, I teach structural- engineers zmd arehltp‘cts Some
students come from the St. Louis area and they ask what I would do
if T were in the area and earthquake bracing costs were 20’ percent
more of the total. First, I would question the 20, percent as being "
- generally too great. Noxt it one decides to build a: bﬂ%dmg that is a—
“look, ma, 1o, hands” type of architecture-—then costs could increase
by perhaps 20 percent lternately, if the design concept starts with-
areinforced conerete building and: {#the ppercentage of wall openings
s small, the result could be a fortress for no mcrease in cost. Thus no
firm rule on ‘costs can be established: .
One could argue that, for a high rise. buﬂdmg, earthquake braclng
mwht substantially increase costs. But the. question: could be asked—:
Why not build'a low risé at no increase in cost?
3 5r Darthquake bracing for wobd frame houses costs very Tittle. It
“mostly depends on foundation type and anchorage to these foundations.
Mr.. Syminaron. You probably have to be consulted on thingslike: .
+this in California quite a lot for both 1nsurance purposes and’ pubhc K
‘WVhy not build a'low rise at no increase in cost?” L :
. Professor STEINBRUGGE: Y es: S :
Mr. Syminaron. I imagine there are certain zonmg and constructlon
- vequirements for people who are building in thé San Francisce area,
for example along the San Andreas Fault D "help them estabhsh‘
what thoseare? . -
- Professor. STEINBRUGGE. Only partlally By and large, the bmldmg

x sfandardq, be they for insurance ‘or nermal construction, :
“+. recommendations of the’ Umform Bmldmd Code ‘which: is the primary
B buﬂdmv codeinthatarea. = . - ) 2

After the 1957 San. Franmsco,amth uakef
: agencms increased their requirements for wood frame houses, ‘mainly
- from nonreinforced concrete foundations to reinforced (*oncr-ete foun-

follow: the « =

bellevé that pl‘edef‘ali e 3

" dations. T'weuld guess that increased costs ran around $1OO per house . o

Surely that is cheap insurance. *

. The proximity to the fault is not necessar] =
provided the structureis not on the fault tra Clearly, in Cahforma, :

‘the farther away you are from the fault during an earthquake, the bet-

ter off you are, But the farther away you get 1 rom one fault, the closer’

‘you are to another. So we do not, in ;,eneml dlﬂferentlate Wlth respect
to distance from the fault.. -

' Mr, SYMINGTON. There was 2 d1scuss1on betvveen tWO farmers o

he: overrldmg ha,zard i

Missouri where one asked the other where he would like to be during o

the Third World War and the other replied. I want.to be where my -
friends are. And he. says, well, where is that? That is where a lot of
people Would like. to be in an earthquake , :

S iy
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Professor SternerUGeE. I think one sometimes has to put your money
where your mouth is. In my case, I knowingly bought a house within
a quarter of a mile of the earthquake active Hayward Fault. I feel safe
and my house is paid for.

Mr. SymineroN. I think that covers pretty well what we hoped to
get today. I am very grateful to you for this today. :

[Further questions in written form were submitted to Dr. Stein-
brugge. The questions and responses follow :]-

Question 1. You say that the finanéial impact of an earthquake will be worse
if it is predicted (towards the bottom of page 2). Could you explain in more
detail why you believe this.

Answer, The extent of the negative financial impacts of an earthquake predic-
tion is a function of the lead time (i.e. the time between the announcement of the
prediction and the expected occurrence of the event) and a function of the predic-
tion’s window of time (i.e. length of time during which the predicted earthquake
is expected). Many scenarios are possible, and the extent of the negative financial
impacts will vary. For one of many possible scenarios and potential problem
areas, consider a 3-month lead time followed by a 3-month window of time for a
prediction in San Francisco or Los Angeles. Complete evacuation is most un-"
likely—there are no housing facilities for 5 to 10 million people, and selective
evacuation is the probable solution. There. will. be tens of thousands of older
structures which will be “slightly” unsafe and warrant temporary bracing. This
temporary bracing will cost thousands of dollars in apartment houses (hazardous
ceilings, parapets, chimneys, facings, water heaters, ete.) and most of this money
will not be recoverable since temporary structural repairs do not usually adapt
to permanent repairs. Obviously, a 9-month lead time rather than 8 months wilt
allow many permanent repairs to be done, .

Another kind of problem arises in the outlying regions where lesser intensities
are expected. A conservative bureaucracy fearing personal as well as depart-
meyital liabilities from instances of earthquake induced injuries-or deaths will in
{)hese fringe areas undoubtedly also require strengthening of partially unsafe

uildings, o ) ) ‘

Multiplying the number of potentially temporarily strengthened buildings by
the estimated cost of non-salvageable repairs runs into hundreds of millions.

I have cited building strengthening as one kind of negative financial example,
and other kinds can also be cited.

Question 2. At what stage of reliability should official earthquake predictions,
in your mind, first be made? What are the pros and cons of (a) risking a false
alarm and (b) failing to. make a prediction of an éarthquake that occurs (as-
-suming there are precursory signs) ? .

Answer. In my eapacity as Chairman of California’s Seismic Safety Commis-
sion, I wish that there were a simple answer to.your question. The subject is.
under most active and intense study and, I suspect, the answers will remain very
soft for some time. At present, each prediction (or non-prediction) is treated om
its own merits. T

‘I'thank you, all of the witnesses. Because of the conflicts' we have
had and the number of members who could not be here there may be
questions that we will submit in writing to the witnesses and I hope it
will be possible for you to answer.

We are all extremely interested in the subject and we are quite
anxious to take constructive steps. We are not at all sure what those
steps should be. We draft legislation and the Government responds
that we don’t need it and then it turns out that some people think the
Government is not doing enough and we feel that one way or another
we need to make some progress. The American people certainly hold

‘the Congress accountable. That is why we value your testimony so
much and your help. : - L

The committee will then recess until tomorrow in this room at 9
o’clock.

[Whereupon, at 2:30 p.m., the subcommittee was recessed to recon-
vene at 9 a.m. on Thursday, June 24, 1976.]




. EARTHQUAKE
A THUBSDA:&, JUNE 24, 1076
e .. House or REPRESENTATIVES,
. ComMITTEE ON S0IENCE AND TECHNOLOGY;

 Sonconamrms ox Scmyce, Researos axo TRCHN0LOGY,
, PO B oy . Washington, D.C. -

_ The subcommittee met, pursuant to notice, at 9 a.m:; in room 2318, -
Rayburn House Office Building, Hon. James W.: Symington, chair-
ﬁf&n,o'fth‘e‘sub"c’ommitgﬁeaz,presidmg.; R R L S v e

Mr. Symineron. We will go on the record. - S e
- We are particularly pleased and honored this morning by the pres-
ence of Senator Frank Moss of Utah: Senator, we aré grateful to you
- for taking your time to be with us:this morning to give us some of your

impressions about the current state of the art in this country about
dealing with prediction and hazard reduction, knowing that there are
some bills before us submitted by your colleague, Senator Cranston,
and knowing, too, that the administration witnesses feel that they

‘have enough laws to go on, whichmay or may not bethe case.

. In any event, we were very anxious to ‘stimulate governmental
initiatives that could reduce the tragic consequences of ‘oncoming-

- So.we are extremely grateful to you for your testimony this morn-
ing and welook forward toit.. ~ .« oo T
A brief biographical sketch of Senator Frank E. Moss follows:]
.. Frank Bdward Moss, Democratic Senator, of Salt Take City, Utdh; born in
" Holladay, Utah; September 23, 1911, :son- of James B and Matid Moss: attended
the public schools and Granite High School ;.graduated from'the University of
Utah with B/A. (magna cum laude) in 1938 and from George ‘Washington. Uni-
versity Law School with J.D. (cum laude) in 1937 Distinguished, Alumni Award,
Géorge Washington University, 1968, doctor. of laws (honoris causa ), University

~ of Utah, 1973; attorney. for the Seentities and Bxchange Commission, Washing- .

ton, D.C., from 1937 to 1939 elected Salt Lake City judge in 1940 and reélected in
- 1945 elected Salt Lake County attorney in 1950 and reelected in 1954 ; served 4
years during World War 11 as Judge Advocate in the European theater with the
Air Corps ; holds commission of colonel, United States Air Forte Referve, retived;
- member: Church of Jesus Christ of Lattersday Saints, Order of the Coif; the
American Leglon; Veterans of Foreign Wars, and Lions Club; served as presi-
dent of the Utah State Association of County Officials and two terms as:presi-
dent of the National Association of' District Attorneys ;.matried Phyllis Hart in
1934 and' they have four children; elected to the United States Senafe on Novem-

ber 4, 1958 reelected. Novemberﬁ,*z:‘lm% and again on November 3, 1970,
STATEMENT OF HON. FRANK E. M0SS, SENATOR FROM THE STATE

5 . Thank you, Mr. Chairman. e
I certainly appreciate this opportunity to appear before your com-

mittee to say a few words about the bills that are before you which in-

clude 8.1174 and H.R. 18845, ’ , -

~(178)
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There are other bills which you are taking cognizance of at this time
because there is a growing and considerable concern that we be pre-
pared as best we can for any earthquake emergency.

There is also a great concern that we improve upon techiques we
now have for observation and the various means of surveillance which
will allow us to predict with some degree of accuracy and timeliness
where an earthquake is likely to occur.

In coming into the room, I noticed the map on the wall with all the
red dots on it. That is quite a startling thing, to think that earthquakes
have been recorded in all those places at some time or another in fairly
recent times. ,

As you know, there is a line going down to the middle of my State,
Utah. It is what is known as the Wasatch Fault and it slips once in a
while. We have not had a major or serious slippage but we recognize
that it is entirely possible. Should the Wasatch Fault slip in any ap-
preciable amount, it passes right through the Salt Lake Valley, the
most heavily populated area of Utah and the resulting damage could
be catastrophic. Consequently we should be prepared. B

I, of course, do not have the technical background or information
to be able to discuss in-any depth the methodology to be used and what
we have available. I do’know however, from hearings we have held on
the Senate side and from conversing with people, that we are now able
to observe earth movements much better. , . :

One of the advantages of the surveillance-type satellites that we
now have circling the globe, like Landsat and LAGEOS, is that they
can give us imagery and data to show us in a long overall pattern, the
movements of the plates, the fracture areas, and where' there are
- anomalies on the surface of the Earth, this again shows the improved
~tools we have for detecting where earthquakes might happen.

I also brought with me simply for the committee to examine, news-
paper clippings from' the Salt Lake Tribune. One is the 18th of
June. The other is the 21st of June, in which considerable discussion
is given to possible hazards that might arise from earthquakes,

1 might say, it is an interesting thing that when the Teton Dam
broke and the flood came in Idaho, just north of us, one of the first -
rumors was that an earthquake had caused that break. That, of course,
turned out to be false, They found no seismic disturbance had hap-
pened. The fact that was an immediate rumor gives a clue to the

. sensitivity that we feel out there to possible earthquakes. '

- Should an earthquake happen in Utah or elsewhere with the num-
ber of water storage facilities we have, a-flood would be a likely result.
We also are concerned with our buried gas lines that. might Tupture
in which event we could have an explosion or a fire.

- All of these are threats and I would point out that almost the whole
first page of the second section on. Monday, June 21, of the Salt Lake -
Tribune, is devoted to stories about what might happen in the case
of earthquakes. I join in the concern of my community about it.

I have prepared a statement, Mr. Chairman, that really just points
out the areas where I think the hazard is known to be more acute than .
others and I point out that we Lave now gone far beyond the point
where we could simply say, well, we just have to live and hope that it
never happens, P e ' st . B

R




- quences of earthquake. As I reviewed those. statements 'f

. damage relatively insignificant. When I say relatively, 1 mean relative to the
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There is somethmg we can do. about 11: and certamly. we owe 1t to-our v ;

‘people to establish a coordinated program first for. \proved obserya- -
tion and then for perhaps building codes or directions: of sorts to be
 prepared to offset damage thiit would comie it we have slippa % e
I think by cha el ﬂ‘ and focusm our attention we will be able
; ; a great deal of the damage that comes from
- earthquakes. We all know that in the great San Francisco earthquake
the real loss of Tife and damage cai ot 80" much from the movement
of the earth and the buildings bt from the fire that broke out. and
the loss of water when the mains were broken. :
‘This is something we need to do. T strongly urge your commltﬁee
to delve into this and help s get underway as soon as we can..
% vlvlould ask permlssmn; hat my sta ement be prlnted in the record' .
in fu ~, : T R :
Mr. SYMINGTON. It certam}y wﬂl be
- Mr, Mos§. Thank you. T
- [The statement follows:] .

S’I‘A’I‘EMEN'I’ oF SENATOR FRANK E Moss (D —U'mn)

L M Ghairman, I would like to’ express my apﬁgeeiation for the opporthnity
to: appear béfore you this mofning to-testify on 18845 -and S, 1174, These -
are'two very important" bills in which T have agrea, 018
fortunate to. be. ‘able to open the heari on 8.
CAs a Senator from Utah I have: been {

was ele(‘:ted to thg, Senate Utah has
been fortunate in years past because earthquakes oecurred in ] %3 populated areas,
However, the ‘extensive growth of population in Utah as-'well.as in the United
States in recent years, Which will . surely increase in g future, means that

) { £ Al ‘atid “abnormal-
weather, We must recogmze the need for mitigation of earthquake damsge. The
" worst naturdl disaster this nation his suffered was hurricane Agnes. Many lives
were 1ost in that disaster and damage exceeled $4 biltio it certainly gives
me cause for thought when T consider that'in just one minute a major’ earthquake:
in Boston, Charleston, Salt Liake City, or. 8t, Louis could cautse the loge of un-
.told nuinbers of lives and property damage which " ould exceed that caused by
hurricane Agnes; / .
Mr, Chairman, since’ Aprll of lagt .year I have had. - d difrere t- oceasions
to comment on the need for legislation which would el mitigate the -eonse-
preparation for ‘this
- occasion T was: able,

testimony I was struck by 4 strange col cide’nc s
in the-statement, to comment on an ea “oecurred some place ;

in the world since I had made the prece : N -statements means,
of .course, that in-the last 14 ‘months; there ‘has been thrsughout the: world
© at least six major earthquakes in that period of time, Today’s testimony is no
“exception to that.rule. Once again éarthquaked have ocenrred. This time ir Italy,

ust as: we. -have:

only a few weeks ago and_in"»the U.8.8.R. The loss: of 1ife and damagé was asf L

always, extensive, .
‘We cannot ¢ontinue to disregard. this cause of disaster. ‘We have beenr fortunate -
in the United States. The loss:of: life hag:been relatively small and the property

loss which has occurred ih other countries. We may . not continy
tunate. T do:not have to be a prophetsayer to predict th
at some timé oceur in a major.urban area in the United States
it:will happen we have spent-a;part of our resear

! on’t believe we ‘could -

g ust’be turned tos proper con-
struetion, education, and over prevention; The leglslation which you-are consider-
ifng today will. do. mecisely that. Earthquake itself 18 not the on‘ly major cause

'oF- concern, .-
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_There are usually other nmajor problems which occur as a result of an earth-
qtinke. In the San Francisco earthquake, 80 percent of the loss was the result
of fire which could not be controlled because the quake had broken the water lines.
In my home state loss of water could be a problem, but more likely we would
be inundated with water. The recent dam burst in Idaho makes a very poignant
point with those of us who must store our water in reservoirs in the mountains.
An earthguake of any severity could cause dams to burst. With the bursting of
those dams, what the earthquake had left undamaged the floods would certainly
finish off." A réecent USGS. report makes a significant point of this problem.

These are alarming topics to gpeak of, but the failure to act to protect our
national interest gives me cause for speaking with alarm. More than 70 million
~people in the United States live in areas of high seismie risk. For too miany
years we have done little to counter the damage which can be caused by earth-
quake. Our inaction has probably been caused by lack of recognition—our failure
to recognizé two facts: One, that earthquakes can -and “will occur in densely
populated areas—we need only look to Guatemala for the most recent evidence
of that fact, and two, that modern technology can minimize the dangers of
earthquakes both to life and property. ‘ : B C
We would be grossly negligent if we waited until a disaster has. occurred in
Los Angeles, Boston, or Seattle before we take action to mitigate the potential
dangers of earthquake. There are many preventive measures which can be
taken by those communities which are susceptible to earthquake and damage,
and HLR. 13845 and S. 1174 make provision’'for the initial-steps in that direction.
Mr. Chairman, the time has come when we no longer need to view earthquakes
as simply & natural phenomens——one that-can cause losses in life, injury, destruc-
tion of property, and economic.and soeial disruption. Earthquakes are an'in-
evitability in our future but our ability as humans to minimize these losses is
changing. This capability; along with'the measures called for'in 8. 1174 could
significantly change:future losses, To-ignore this capability 4t this time would
be irresponsible, We need to move aliead now with the appropriate resources,
and that means money and people dedicated to reducing hazards from
earthquakes. .« ... ... TR . S .
As I view 8..1174 and H.R. 18845 introduced by Congressman Mosher, 1 see an
immediate opportunity to move ahead with this needed législation. While the
Senate bill emphasizes a national program in earthquake hazard reduction with
certain objectives, and provides necessary funds to implement such a program,
the House bill focuses attention on the need for organization. An effective in-
stitutional intrastructure to carry forth a national program that involves so
many agencies is critical. The two bills are thus very complementary. While one
authorizes absolufely needed resources, the other attempts to put our institu-
tional machinery together. Each is necessary, and neither is sufficient without the
other, Let ug move together on such an important national issue. h

_ For too long we haye neglected this need. I have sponsored legislation in every
Congress since the 92d 'which would help ini our efforts to mitigate the catastrophe
which can result from earthquake. The bills which you are now considering are
a real opportunity to begin to correct past deficiencies. :

Finally, Mr. Chairman, I wish to thank you again for having these hearings. I
urge that favorable action be taken during this session. Though the executive
has been doing sote work on various aspects of earthquakes, we. in the Congress
can no longer wait and be satisfled with ity failure to establish proper priorities
and continued decreased funding. The time is now to move ahead on such a press-
ing problem. ’ ’ ’ L :

Mr. Symineron. The non-Federal witnesses have commended S.
1174 to us. Some of them have suggested that it might be required for
118 to have some formal group to be set up for the evaluation of earth-
quake predictions which would be a broad-based scientific group. Do
you think that might be helpful ¢ S PR
" Mr. Moss. T think it might be a better way to do it instead of the
ustial advisory committee which is made up. of officeholders, It might
be better to place responsibility in. a full-time professional group. I

think that would be improvement.. - . Mg D ) 4
= Mr, Sysrxerow, Federal witnesses seemed totake a well-coordinated
position that thére was no fieed for legislation in this area and that
there was sufficient authority under the disaster relief act, and o forth,
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within the Govefnment, to take advantage of the existing skills; talents,

" and abilities. How do you feel about that ? :

Mr. Moss. Well, I think the legislation is necessary and desirable

 because I think this is-something we need to focus on. We cannot just

leave it—there is some observation, some commentary beinig made—but

- I think there is a feeling among our people that very little is being

done.. . : , ;
As-I was pointing out—all of the members weren’t here then—in

~my State, there is a great deal of discussion going on in the press as

to what would happen in the case of an earthquake and what are we
doing to be prepared for it'and how could we offset the damage, any-
thing of that sort. We ought to have a designated agency or grouping
required to-study it and publish periodically a report or something
of the sort so we would know what they are doing. -

Mr. SymingToN. We are inclined to agree with that and in response
to our questions we heard that the budget in the Government for 1977

" was about $10 million for earthquake research of various kinds. We

asked -the private sector witnesses of the scientific community what

. ~.they thought about this and the general feeling was that that could

%

well be doubled ‘to take maximum advantage of the current skills in
formulating prediction capability. And we certainly think that the

 Government ought to increase its investment here.

If we were talking about World War III coming along, we would -
beef up our defense. This situation could have similar consequences.
Mr. Moss. I agree. It is a threat to life and property as would be a
military engagement. They are very different of course but it is a
threat. As long as‘the threat is there, we should be prepared as best

- we can to avert it or minimize the damage and loss of lives that would
L CcOmE ' )

Mr. Symrxerox. Thank you: Mr. Brown, do'you have any questiohs‘ ¢
- Mr. BrowN. Senator, I am sure you are aware we haye particular
concerns in California about earthquakes because of the relatively

- large number we have experienced there, My own area of southern

California is no exception. I have grown up with the experience of
earthquakes and up to the relatively recent past have always felt that
there are nothing that could be done about the acts of God.-We would
hope that we would be spared but we could not depend upon it. :

~The question I have now is, do you think the political community—
I am thinking specifically of the Members of the House and Senate—
are ready to accept the fact that we have experienced a change, a rela-
tively significant change in our capability to do something about earth-
quakes. and- this justifies an expanded, higher priority, more focused
public program ¢ The scientific witnesses seem to agree to that but. the
question we have, of course, in negotiating legislation, is whether our

- own colleagues sense that and whether there is sufficient emphasis -

therefore to warrant the passage of a bill: and taking it to the Presi-
dent for his signature. Would you comment on th{a;t%rieﬂy? \

Mr. Moss. Yes, I recognize that the principal problem in moving
forward with this bill or whatever bill this committee might want to
report, is overcoming a sense-of apathy or a sort of fatalism, as you
sald. Many people, never having experienced earthquake, just feel: -
“Well, why try to do anything, 1t is an act of God. If it comes, we -
will just have tolive with1t.” . o 0 o

76-649 O~ 76 = 13
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But I think there is a growing awareness and I particularly think
that the Congress should be alerted and educated -to the problem
enough that they can overcome this degree of apathy.

One of the things that strikes the eye in coming into this hearing
room is that map with those red dots on it. That alone ought to awaken
the interest of almost everyone. I see very few States that have not ac-
quired at least one dot. Your State of California and my State of Utah
both have a good number of dots where there have been earthquakes.

The other part—and the reason I think the scientific witnesses are
more 1n favor of the bill than others—is that there now has been
considerable advance in the state of the art in being able to observe
phenomena that are predictive of where movement might occur.

We have also developed a technique for building waterlines, gas
mains, and other things; they can be constructed in a way which will
resist or become compatible with movement so that in the event of
an earthquake we do not get the added hazard of fire or flood or what-
ever else comes. S , L - o

. I explained to Mr. Symington .earlier. that when :the Teton: Dam
broke the first rumor that went through my part of the country was-
that there had been an earthquake. That is how sensitive people are.
That turned out to be false and-there was no evidence that there. was
any earthquake involved but that is what can happen. ’

Mr. Brown. That is particularly true in Los Angeles. The earth-
quakes we have had there have come very close to precipitating major
floods just from our own reservoirs within the Los Angeles basin. They
are not comparable in size to the ones that you probably have in your
area but they could cause tremendous damage and rupture. -

Mr. Moss Indeed, they could. SERUTEN

Mr. BrowN. I am particularly appreciative of your concern for
this because I did not. want to think that only the California Repre-
sentatives and the California Senator were concerned about this. It
would net bode well for the ultimate enactment of the legislation. T
appreciate your testimony. : o
- Mr. SymingTon. Thank you, Mr. Brown.

Mr. Mosher ? ' ’

Mr. Mosuer. Mr. Chairman, I always have a high regard for the
good advice of Senator Moss but. I have not seen his testimony so I
cannot ask really pertinent questions concerning the testimony. May-
be that makes it apropos for me to just as the Senator to reiterate now
in summary what emphasis, what particular emphasis, you think
there should be in any legislation that we adopt. You have said that
you think there is need for legislation and I agree with you. Where do
you think the emphasis should lie in the législation we should consider ?

Mr. Moss. The emphasis, I think, should lie—first of all, T am aware
of the fine bill you have introduced and I think it contains some pro-
visions that certainly would be complementary to the Senate bill,
which is number 1174, and especially the formal organization idea,
rather than have it simply be a committee looking at it—but- I think
the emphasis ought to be twofold. :

. First, I think we need to improve and add to as rapidly as we can
the surveillance element of determining areas of likely movement and
being able to observe in advance where we should be prepared. Now
that goes all the way from satellite surveillance which now can show
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us fractures and things of that sort and will undoubtedly continue to
improve as it gets more sophisticated and more accurate with seismo-
graphs and other things that we have so-that we know more and
more. : o :

We have learned a great deal but there is much more we need to
know in detecting where earth movement is likely to come. '~

~The second thing' that needs emphasis is long-range preparation

to avert damage or disaster that would come out of an earthquake and
‘that is what I was discussing with Mr. Brown. One thing would be
the rupture of dams and reservoirs and floods because in the arid part
of this country we have to impound all water and hold it behind
dams in order to get through the dry part of our season. If we do not
have them we cannot live and yet we ought to build them in places and
“under the best techniques we know how to avert a rupture and a flood
in the event of an earthquake. ' :

It is the same for gaslines and waterlines where they cross faults
or where they are in areas of suspected movement, they can be built
either with a redundant bypass or flexibility or whatever the state-of-
" the-art would represent to try to avert a rupture there. A gas rupture,
of course, is explosive and brings on fire. Building codes ought to be
much more rigid where they are in the proximity of a fault area or
likely movement so that there would not be a collapse of buildings
and loss of lives.

Earthquakes, unfortunately, seem to come in the middle of the
night a lot of times:. Building structures can be improved, either no
highrise buildings at all along the fault or at least built in such a
way that they would withstand considerable movement and not. col-
lapse. All that needs to be done and of course we need a rather broad
educational program among our people both as to how to react and
to let them know that we can avert or mitigate loss and damage by
earthquake. I think we could guarantee the savings of a'lot of lives
and damage in that way. : v
- Unfortunately, you get a little nervousness even talking about it
but I think if done in the right way people could come to think of -
that just like having a fire drill, knowing how to get out of the build- -
ingif it getson fire. RN - i

Mr. Mosuer. These things you emphasize certainly are crucial and
I think there are some others you haven’t mentioned but we all recog-
~ nize that the responsibility of the Federal Government ‘is rather:
fragmented. I judge from what you say that you do believe that:
. we should consider a :coordinated effort to effect a- mechanism to
achieve these goals. o - :

‘Mr. Moss. I think so, Mr. Mosher. I think if it is just left.as an
extra duty for, say, the Science Foundation, or some other organiza-
- tion, it doesn’t get the concentrated attention that it déserves, nor is
the awareness of the public aroused that we are doing something
about it and my constituents want something done. - =~

‘Mr. SymineTOoN. Senator, we thank you very much for your testi-

~ mony and for the courtesy of being with us this morning. We will

certainly see what we can do to alert the Utah community on time.
: l\gr.ﬁ\doss. Thank you very much. I do appreciate the opportunity
‘to be here. ' : ‘ ,
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Mr. Symineron. I think the next witness is Gilbert White, director
of the Institute of Behavioral Science of the University of Colorado.

Dr. White, we welcome you to the witness table and we look forward
to your testimony.

Mr. Mosugr. Mr. Chairman, maybe I should add one comment in
~ anticipation of Dr. White’s testimony. As you undoubtedly know,
he is a very distinguished member of the Council of Advisors to the
Board of the Office of Technology Assessment.

Mr. Symingron. Glad to know that.

[A brief biographical sketch of Dr. Gilbert F. White and Dr.
White’s prepared testimony follows:]
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CURRICULUM -VITA
‘ September, 1975
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Laos, Thailand, and Vietnam, 1961-1962, 1970 .
_Chairman; American Friends Service Commwttee, 1963-1969°
Member, Special NSF Commission on Weather Modification,
1964-1965
“Chairman, Bureau of Budget Task Force on Federal Flood
Policy, 1965-1966
‘Chairman, Committee on Water, National Academy of
Sciences/National Research Council, 1964-1968
Chairman, ‘Steering Committee for High_ School Geography
Project, 1964-1970 Ca 3
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Activities (continued)
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Research, 1967-1971
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NSF, 1968-1971

Scientific Adviser to Adm1n1strator of United Nations
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Chairman, Commission on Man and Env1ronment, International
Geographical Union, 1969-76
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Congress, 1973-75

Trustee, Resourceés for the Future, 1967- (Chairman, 1974- )
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of the Interior, 1973-
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1962, (English and French)
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1962
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Chicago Department of Geography Research Paper, No 93,
1964
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Flood Losses: A Report by the Task Force on Federal
Flood Control Policy, Washington: 89th Congress,
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Selected Pub1ications (contfnded)
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1969
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University of Chicago Press, 1972
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’ Mr. Chairman, The threat of earthquakés to national well being'and
the current status qf research on earthquakes have been described
theroughly by previous witnesses. I shall not attempt to discuss either
topic. However, there are two directiohs in which the Subcommittee inquiry
may be extegdedkwith possib]e benefit. The first direction relates to
lessons which may be drawn from natfonai experience with other‘extreme
natural events. The second direction relates to thekcharacteristics of a
geﬁuinely balanced -program of research on earthquake hazard. '
'These remarks are drawn from an analysis of the étatuskof public ’
response te natu?a] hazards in the United States éhd from a review of
research needs subported by -a Qrant from the’National'Science Foundation.

The results of the assessment of research needs have been summarized ina .

report published by the MIT Press (White and Haas, Assessment of Research
on Natural Mazards, MIT Press, 1975) as well as in a series of monogfaphs
published at the University of Colorado. One of the mqnographe deals
explicitly with problems of earthquake and tsunami occurence and the adjust-

ments which the nation makes to them (Ayre, Earthquake and Tsunami. Hazard

in the United States: A Research Assessment, University of Colorado, 1975)

It is}important to examine earthquake prob1ems_in the broad context
of ‘natural hazards in the‘United States because there is much in the
record of public éctivity with regard to othef hazards fhat has a bearing
on the strategy‘which the Federal governmenf pursues with respect to.earth- ..
quakes,. Consider two examples. . ' / ‘
The policy andfpfogramsﬂef the Federal government :in coping with
floods. has muchbtp teach~us aboat:the wisdom of suggestedvstrategies with

regard to.earthquakes. In the early days of this century the government
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concentrated chiefly on issuing warnings with respect to %1oods and on
cohtrol of the Lower Mississippi River., In 1936ft initiated a national
program of public support for construction of dams, storage reservoirs,
detention reservoirs, levees, floodwells, channel i"mprovemen‘fs, and floodways
as a means of curbing floods and reduging damages from their occurience.
After more than 30 years of activity under this program and after an
expenditure of more than 9 billion dollars on engineering works, observers
noted that while the investments in flood control works werelgenefa11y
efficacious from an engineering standpoint and resulted in reductivon of

~ flood losses in many areas they were accompanied by an én]argehént in fhe
total damages suffered in the United States from floods. This situation

is summarized succinctly -in House Document 465 (A Unified National Program

for Managing Flood Losses) which was transmitted to the Congreés by

President Johnson in 1966. At that time the Federal government moved
toward a broader policy in dealing4with floods. - This included. flood
warnings, f]dod control, flood plain delineation, flood insurance, and a
variety of efforts at land management. \

In the ‘case of floods the strategy of concentrat%hg on techho1ogica1
means of predicting and controlling the ektreme event failed to provide
vigorous support for other measures: we]]-inteﬁtioned efforts to éupport
both research and techho]ogical development were counterproductive.

Let us take a second and more simple exaaple. As a résu]t of Federal
support of research and .operations concerning hurricanes, the capacity to
predict the timekand place of the landfall of tropical cyc]onés has
improved over fecent decades. Loss of 1ife has on the average béen reduced.

However, at the same time the vulnerability of the nation to property
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damage from hurricanes has mounted, andkthe 1ike11hood‘ef,catastrophic
events has a]so increased. At the same time the Federal effort was greatly
expanded to reduce suffemng from dusasters when they occur

- Three Tessons from the experience with.flood, hurricane and other
hazards are re]evant'to a consideration of earthquake research. :

1. Concentration upon means of predicting the event, improving the
design of buildings, and‘proViding emergency relief may fail to reduce’ the
national toll of Tesses unless accompanied by equally careful efforts to
deal with community preparedness and 1and use management, » -

2. Many of the unsoTved probTems of mitigating dlsaster are common -
to several hazards and must be exam1ned 1n a broader framework 1f effect1ve
public measures are to be designed. Th1s is true of prob]ems of warn1ngs,
emergency, serv1ces,,bu11d1ng design, 1nsurance, and land use management ‘

3. It is extremely difficult to’ach1eve a genujne_coqrd1natxon of
Fedéra] state and local activities in hazard response and mitigation.

This has: not yet succeeded for :either f]oods and ‘hurricanes. Strong'and
& un1f1ed Congres<1ona1 d1rect1ves are necessavy to offset ‘the: 1ndependent
and segmented efforts of the many ‘agencies: 1nvo]ved

After a déliberate review of the present situationy” the conc]us1on
of the University of Colorado ‘study was that -a research programwa1ongﬁnew‘~
lines would be Fequiféd. This is described in fﬁe‘fo]10wihg text from ‘

our 1975 report (pp. 324-336).
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Public investment in research related to earthquakes and
tsunamis has been focused primarily on geophysica],-seismo]ogi-
cal, and engineering research. Only nominal amounts have been
invested in research on insurance and community preparedness.

An analysis of significant research needs suggests that the
emphasis should be shifted if economic loss and social disrup-

tion are to be reduced.

Land use management - Of all the potential mechanisms to cope
with earthquakes, the simplest and most direct would be the
avoidance of high-risk areas wherever economically practicable.
However, San Francisco cannot be relocated, and undeveloped
high-risk areas may be potentially very valuable, (as in some
parts of the San Francisco Bay Area). The degree of risk is
not always obvious. Several courses of action are indicated:
1. risk zoning of critical parts of the already developed areas
" to tum them into park land or other nonhazardous use as oppor-
_ tunity arises; 2. risk zoning of high-risk undeveloped areas
to prevent future hazardous development; and 3. development of
systematic techniques for collection and evaluation of data
* for use in microzoning (zoning of comparatively small areas),
and the establishment of criteria for microzone levels of risk.
Research should be done on: microzoning procedures with some
detailed case studies, collection of local seisnﬁcity data and
local fault mapping as needed, and the identification of es-
pecially hazardous aréas, including potential landslides and
soil liquefaction. Expenditures to support 200 person years
of effort over ten years are required.
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A research effort designed to point out ways in which re-
‘striction of building in fault zones might be encouraged and
adopted would have considerable payoff. This restriction of
building could begin in actual fault zones and other areas of
high hazard such as those in which the soil is known to be sub-
ject to liquefaction, and could be extended tonother areas as-
microrisk zones are assessed. '

The study would analyze the quest1on of how such zoning
could be adopted especially for structures and facilities of
vital importance. Social, pol1t1ca1, and economic constraints:
to land use management would be assessed, as well as its conse-
‘quences. The study of zoning adoption fof‘the earthquake haz-
ard may be similar to such studies for other hazards such as
flood plain management. ,

Research on zoning and subd1v1s1on regulation could be com-
bined, in certain instances at least, with experimental re-

search bhfbuilding code adoption. Uhdeve]oped areas7Subject
' to'high seismic activity could. be used for certain economically
feasible purposes if improved building codes were first adopted
and used as a basis for seismic- res1stant deS1gn :

An adequate investigation would run for a per1od of f1ve
years at a cost of 40 person years. ' ’

“Similar studies on a much smaller scale are needed for
‘coastlines where tsunami hazard is- large or where invasion by
,urban deve]opment is rapid. Two person years should be spent
on problems of Tocal provision for tsunamis in land use manage-'
ment, and ten person years shou]d be glven to r1sk zoning

'Earthquakesprbofing - Few strugfures can be made c°m§1ete1y [N
earthquake-proof,,eSpecia11y against the shakingypfodhced by
giant earthquakes. Figure 11-13 provides an estimation of
physical damage to buildings located in the Los Angeles area
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in 1970 if potentially damaging earthquakes of which there was
record after 1769 were to recur. This is based on a simulation
which estimates earthquake characteristics, the building inven-
tory, and building design and construction. Public structures
‘weue not included. The damage suffered by single-family dwel]-
‘ings is the largest category.
v Most bu1]d1ngs could be des1gned and constructed to res1st
. significant structural damage, the possibility of total col-
lapse. Loss of life and injury could be greatly reduced.
Most of the research attention to date, thellafgest single
_program in ‘the natural hazards field, has been applied to the
more spectacular and analytically interesting types of struc-
tures, for example, many-storied buildings, large dams, nuclear
-‘pdwer plants;‘and storage tanks. Relat1ve1y little attention
~ has been paid to lesser structures, 1nc1ud1ng the ordinary -
single- fam11y dwelling. While this approach has produced p051-
tive results, it has neg]ected several important prob]ems 1.
potential weaknesses in cértain methods (]lft slab construc-
tion, prefabricated construct1on, and other methods wh1ch may
resu]t 1n “lack of adequate structural cont1nu1ty) have not been
invest1gated 5uff1c1ent]y, '; 1ow structures w1th the excep-i
glven attention connensurate(w1th theiw property,value and the
human risks involved; 3. many- ste?ied‘bui]dings that have been
_adequately des1gned ‘and constructed to withstand “the motxon of
major earthquakes without serious structural damage are not
necessarily safe for human occupancy if the e]eVator system
fails or if fire breaks out; and 4. a dam and the val]ey below
‘1t, which seemed safe at the time of construction of the dam,
may later prove to be unsafe due’ to 1ncreased den51ty of human:.
popu1at1on in the valley, deter10rat1on of the dam and its foun-
dation, or the occurrence of a greater»than-expected,earthquake.
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Engineering research is needed on: 1. development of conti-
nuity in structural systems; 2.‘eérthquake resistance of Tow
buildings; 3. overall safety of mu]tistoriedgbuildings,'inc1ud-
ing structural integrity, safe evacuation éoutes, and fire re-
sistance; and 4. overall safety of dams and the valley below,.
and restrictions on land use in areas subject to flooding.
Research is also needed for greater understanding of foundation
conditions. . ‘

' Additional fund1ng of about 200 person years over the next

ten years would be appropriate. The movement toward improving
earthquake-resistant construction has been generally success-

ful, with some exceptions, and needs further support.

The upgrading of building codes should be studied in light
of the fact that estimates of increased costs to new construc-
tion rarely exceed 6% of the total cost of the structure.
Bu11d1ng codes for all classes and structures and the politi-
cal, social, and economic constraints to their adoptlon and
enforcement should be considered.

Some high-risk cities appear to be s1gn1f1cant1y more pro-
gress1ve in the upgrading of building codes than other cities.
If this is true, a series‘of comparative case studies would
provide answers on how this upgrading takes place, and what
the secondary:consequences are. Experimental efforts should
. be made to provide incentives to the local powers who could
influence building code upgrading. For example, communities
could be 1dent1f1ed where the mortgage lenders are somewhat k
progress1ve A small team of professionals (economists, struc-
tural engineers) could carry out a careful‘effort to demon-
strate to the lenders why supporting an’improved building code
would be in their own best interest. Other approaches could
be tried in other .cities to see which approach was most effec-
~tive in producing the desired change. It is: suggested that
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such a study should run for a period of five;years at a cost of
25 -person years.

01d buildings probably present the most d)ff1cu1t problem of
all. They may be lucrative rental property or tax write-offs
for the.owners, homes and community foci for a great number of
persons who cannot or will not live anywhere else, and may. also
be ‘potential death traps due to the danger of collapse or fire.
The two general classes of problems concern the ‘physical condi-~

tion of the structures and the social .and econom1c constra1nts S

on do1ng anything about the ‘conditions. _

Research into ways of strengthening old bu11dings could .
scarcely. be expected to lead to general procedures because of
the great differences in construction ‘and conditions, Howévek,
it might‘be possible to arrive at suggested procedures for par-
ticular classes of bu11d1ngs :

Both types of research--survey and eva]uat1on, and proce-
dures - for strengthening--might well be’carr1ed Qut in conngc-
tion with programs of demolition’for-ufban_renewa] and. commu~-
ni%y conservation. or other purposes if arrangements can be made
“we11 in advance of the start of demo11t10n Funding Of abou+ :
100 person years over ten years. would support a useful program
of i 1nvest1gat10n . : - 2

Research §s needed wh1ch w111 contribute to qu1cker adopt1on
‘of policies that will sharply reduce the risk from old build-
ings. Economic constraints to the phasing out of dangerous
structures include not only costs to the individual owner,

- community, state, or Federal subsidies, but also shifts in the -
tax base. Social costs include the disruption of established
ne1ghborhoods, a possible- rise in: soc1a1 1nstab111ty a550c1-.
ated with urban renewal, and the problens 1nherent in tne
relocation of families and businesses. .Long Beach, Ca11fornia,
has undertaken a program des1gned to speC1fy the seismic risk

764649 0,= 76 ~ 14
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for each structure and the social costs and benefits of
‘regu1ating future use or rehabilitation of each structure. Such
a program could provide the basis for a valuable case study
carried on by an interdisciplinary team.

It is difficult to estimate how dangerous a threat older
buildings pose to lives and property. Study is needed to de-
termine the risk they p%eSent;'as well as how this risk might
be lessened. Such work might start by determining-how many old
buildings exist in hazardous areas, as well as their conditions
and use patterns. Of those that are dwelling units; knowledge
of their inhabitant density would clarify the degree of risk
they present. Research could be designed to determine how the
risk might be reduced. Determination of their natural rate of
abandonment could be followed by an investigation of how that
rate might be affected and what would be the cost of remodeling
appropriate ‘structures to some level of acceptable safety. All
alternatives should be examined.  In addition to a]ternativés
for reducing the risk, the research should address the social,.
economic, and political constraints to the -adoption of.each
alternative. : ‘ '

The research would vary in time and cost with the size and
density of the areas selected for analysis. However, a study
costing on the order of 30 person years over five years should
provide a good basis for action.

‘ In addition, the analysis of tsunami-resistant structures
with a view to improving design and code provisions should be
undertaken. Costs of seven person years are warranted. ‘

Earthquake orediction and warning - Specific forecasts ‘of
damaging earthquakes may be available in less than a decade,
and possibly next year, but it is not clear whether the fore-~
casts will be more of a blessing or a curse. Empirically
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based research on the social, econom1c, po]1t1ca1, and legal
consequences of earthquake forecasts and warn1ngs must be given
a high pr1or1ty, and it currently 1s under revrew by a panel of
the National Research Council.

Specific forecasts of damaging earthquakes will have lead
times on the: order of a few months to ten years,: and w111 ‘be:
‘ relatively spec1f1c as to location and magnltude " Such fore-
casts are qua11tat1ve1y d1fferent from-those used in other haz-
ard warning systems. .

A reliable’ method of reasonab}y prec1se pred1ct1on w1th a

ow false alam rate, could significantly reduce earthquake .
casualties and might reduce propertyv1osses._ It seems very
likely that earthquake prediction will have additional andnper-
" haps large<scale impacts, some of which will probably be posi-
tive and others negative. _ ;

There may be two types of forecasts and thereforeuthe‘possi-
bility'of two types of "false alarms." The firsf is a forecast
that an earthquake will ‘take ‘place, the second is a forecast
that an earthquake. will not occur. Furthermore the very: ex1s-‘
tence of an earthquake pred1ct1on and warn1ng system may to
some extent generate a false sense of secur1ty and a tendency

on the part of the pub]xc to infer that no warn1ng means that
“no damag1ng earthquakes w111 occur.y

The pub11c S response to earthquake pred1ct1on1s exceed1ng]y
difficult to-estimate. There are no good para]le]s to use as '
a basis for estlmat1ng the response. If, in.advance of cred1—
ble forecasts for damaging earthquakes, respons1b1e public
agencies and pr1vate 1nterest groups develop pTans and p011c1es \
whlch are based on realistic assumptions about the actions of
other organwzat1ons and~peop1e, tne-who]e Situation will be
~less volatile and less Tikely to produce adverse economic ef-
fects, unneeessary'social disrupeion, or political upheaval.
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Thereé are no existing social mechanisms to assist responsi-
ble officials and organizations in arriving at plausible and
realistic estimates of responses to the forecasts.  If the re-
sults of careful research on the probable response of organiza-
tions and the public are feported to all responsible officials,
they will have adequate, realistic knowledge upon which to de-
velop their plans. - -

'Negative conséquences could also be‘enormous,during the
extended beriod following forecast of a damaging earthquake.
Insurance companies might decide to stop selling or renewing
earthquake insurance coverage. As a result, investment agen-
cies might drastically reduce their commitments to construction
and development in the area, an action which could trigger an
extended slowdown in the local economy. Many people might move
away from the area. Others might converge on it.

Because of the .potential for very large-scale negative con-
sequences, it is imperative to learn how to copé with earth-
quake prediction as early as possible. Support for at least
50 persoﬁ years over five years is required.

 The Pacific-wide Tsunami Warning System detects tsunamis
rapidly and effectively. = Where lead time is sufficient, dis-
semination of relevant information to the threatened communi-«
ties is generally adequate. : The actual forecast is handicapped
by difficulties in estimating the flood depth or "run up", and
in calculating the generation of waves from seismic data.
Rreparedness at the local level to disseminate needed informa-
tion for prompt evacuation appears to be lacking in most cases.
This may be :due in part to the farity of a tsunami warning in
any given community. It is not known what incentives are re-
quired to insure that vulnerable communities maintain adequate
Tocal warning-response capability. Information on that ques-
~ tion could be gathered by a research effort on the order of




