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TO PROMOTE NEGOTIATIONS FOR A COMPREHENSIVE
TEST BAN TREATY

TUESDAY, MAY 1, 1973

UNTrED STATES SENATE,
SuBcOMMITTEE ON ArMS CONTROL,
INTERNATIONAL LAw AND ORGANIZATION
or THE CoyMmrrTEE ON ForereN Rerarions,
Washington, D.C.

The subcommittee met, pursuant to notice, at 10 a.m.. in room 4921,
New Senate Office Building, Senator Edmund S. Muskie (ehairman
of the subcommittee) presiding.

Present: Senators Muskie (presiding), Humphrey, and Case.
OPENING STATEMENT

Senator Muskie. Today, the Subcommittee on Arms Control, Inter-
national Law and Organization is holding hearings on Senate Resolu-
tion 67, a bill that calls on the President, to promote negotiations for
a comprehensive test ban treaty. Specifically, the resolution proposes
that it be the sense of the Senate that the President, one, should pro-
pose an immediate suspension on underground nuclear testing to re-
main in effect so long as the Soviet Union abstains, and two, should

set forth promptly a new proposal to the Soviet Government and other
nations for a permanent treaty banning all nuclear tests. Today’s hear-
Ings are a continuation of the hearings on the prospects for a compre-
hensive test ban treaty held by this subcommittee in July 1971 and
May 1972.

[Text of Senate Resolution 67 and coordinated executive branch
comments follow :]

[5. Res, 67, 93d Cong., 1st sess, |

RESOLUTION Calling on the President to promote negotlations for a comprehensive test
ban treaty

Whereas the United States is committed in the Partial Test Ban Treaty of
1963 and the Nonproliferation of Nuclear Weapons Treaty of 1968 to negotiate
a comprehensive test ban treaty ;

Whereas the conclusion of a comprehensive test ban treaty will reinforce the
Nonproliferation of Nuclear Weapons Treaty, and will fulfill our pledge in the
Partial Test Ban Treaty :

Whereas there has been significant progress in the deteetion and identification
of underground nuclear tests by seismological and other means ; and

Whereas the SALT accords of 1972 have placed quantitative limitations on of-
fensive and defensive strategic weapons and have established important prece-
dents for arms control verification procedures ; and

Whereas early achievement of total nuclear test cessation would have many
beneficial consequences : creating a more favorable international arms control
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climate ; imposing further finite limits on the nuclear arms race: releasing re-
sources for domestic needs; protecting our environment from growing testing
dangers; making more stable existing arms Hmitations agreements: and com-
plementing the ongoing strategic arms limitation talks: Now, therefore, be it

Resolved, That it is the sense of the Senate that the President of the United
States (1) should propose an immediate suspension on underground nuclear
testing to remain in effect so long as the Soviet Union abstains from under-
ground testing, and (2) should set forth promptly a new proposal to the Govern-
ment of the Union of Soviet Socialist Republics and other nations for a perma-
nent treaty to ban all nuclear tests.

DEPARTMENT OF NTATE,
Washington, D.C., April 30, 1073.
Hon. J. W, FuLsrIGHT,
Chairman, Committee on Forcign Relations,
7.8, Senate, Washington, D.C.

DeAr Mr, CHAIRMAN : The Secretary has asked me to reply to your letter of
February 22, 1973, requesting coordinating Executive Branch comments on
S. Res, 67, concerning underground nueclear weapons testing and negotiations for
a comprehensive test ban treaty.

As you know, this Administration, like its three predecessors, favors the con-
clusion of a comprehensive test ban. In his initinl message to the Conference of
the Eighteen-Nation Committee on Disarmament, now know as the Conference of
the Committee on Disarmament (CCD), in Geneva on March 18, 1969, the Presi-
dent said, “The United States supports the conclusion of a comprehensive test
ban adequately verified.” Ambassador Martin of the United States, in his open-
ing address to the CCD on February 20 of this yvear, reaffirmed United States
support for an adequately verified comprehensive test ban, and stressed that
“We continue to believe that only adequate verifieation provides the necessary
confidence to sustain an arms control agreement of the importance of a Compre-
hensive test ban.” As this statement implies, we believe that the best way to
make progress toward a test ban is through resolution of the verification prob-
lem. A mutual moratorium would lack many of the safeguards of a formal in-
ternational agreement, and therefore, we do not believe it would be a prodent
step at the present time,

Mindful that serious issues remain regarding verification of a comprehen-
sive test ban treaty, the United States has been making determined efforts to
resolve the verification problem, Last summer at the CCD, the T.8. tabled a
working paper which reviewed progress and problems in seismic verification.
Research on these problems is continuing. Progress is being made in developing
techniques to improve identification of low magnitude seismic events, “anomal-
ous” events, and “mixed” events, in clarifying the possible utility of nnmanned

mic observatories, and in improving understanding of methods of clandestine
testing that might be used to evade a comprehensive test ban. As a part of
the research effort, improved seismie instrumentation and data transmission sys-
tems are to be made operational in the near future,

Despite this progress, not all of the difficnlties with respect to effective verifi-
cation of a comprehensive test ban have been resolved. We are continuing to
devote substantial resources to achieving resolution of the diffienlties that
remain,

The Office of Management and Budget advises that from the standpoint of
the Administration’s program, there is no objection to the snbmission of this
report.

Sincerely,
MagrsHALL WRIGHT,
Acting Assgiztant Scerctary for Congressional Relations,

INTENTION OF 8. RES. 67

Senator Muskie. The intention of S. Res. 67 is moderate. It does not
obligate the United States to cease testing all nuclear weapons. It does
not even specify the terms under which the United States would take
the initiative to move toward a cessation of nuclear testing. It does ask
the Executive to accept the reality that a comprehensive test ban should




be actively pursued and it puts the Senate on record as favoring new
initiatives at the highest governmental level aimed at concluding
a treaty prohibiting all nuclear test ing.

STATEMENTS FAVORING CESSATION OF NUCLEAR TESTING

Since the early 1960’s we have heard many public statements by U.S.
officials in favor of a cessation of all nuclear weapons test explosions.
By signing the 1963 Limited Test Ban Treaty and the 1968 Non-
Proliferation Treaty [ NPT] our Government has committed itself to
work toward : unu]nn-ln-lmw test ban. Most recently, Henry Kis-
~mm r; P Ii""lill'ilt Nixon’s Assistant for National Sec IIIIT\ Affairs, said
in Moscow last May when asked about the possibility of America’s
actively I)IHHIIHH' the conclusion of a comprehensive test ban treaty :
“We have been. in prine l]:h- prepared to do this. The obstacle has been
the debate about 1||-|)||I|m1, and we are willing to restudy the issune.”

The 1971 and 1972 hearings of this subcommittee produced much
testimony—from both administration and private witnesses
new advances in verification techniques and in favor of a cessation of
all nuclear testing. Unfortunately, there has been no positive legisla-
tive action as yet on this matter. This yvear, T am hopeful that S. Res.
67 will be acted on favor ably by the Senate.

CHANGE IN WORLD'S STRATEGIC SITUATION

Sinee last year’s hearing, the world’s strategie situation has changed
substantially as a result. of the conclusion of the SALT T accords, lim-
iting the development of anti-ballistic missiles and strategic offensive
weapons. Most of us are agreed that these accords were a good be-
ginning, but only a beginning, of attempts to bring the dangerous
and costly arms race under control. The st rategic accords concluded
thus far have revolved around the quantities of nuclear weapons
possessed by the United States and the Soviet Union. Clearly, we
must now move in the direction of qualitative controls. And a compre-
hensive test ban treaty is a critically important step in that direction.

REASONS TO ACT NOW

The reasons to act now are compelling. Because of the ARM
Treaty, there is no longer a need for more advanced strategic defensive
weapons. Improvements can be made in non-nuclear technology as
national security needs dictate. And there is no prospect now of a dra-
matic breakthrough in nuelear technology that would give either this
country or the Soviet Union a dramatic and decisive advantage over
the other.

At the same time, the necessity of concluding a comprehensive test
ban treaty in order to prevent the spread of nuclear weapons to non-
nuclear nations is increasingly important. And a comprehensive test
Inii would strengthen the \llll-[’!nlllt‘l“ltll)ll Treaty of 1968 by impos-
ing the same festing constraints on the nue h ar powers that are al-
ready imposed on the non-nuclear nations by that treaty, Conse-
quently, if we continue to pursue nuclear testing, we face the prospect
not of enhaneing our own seeurity but of decreasing it. Now is the
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time for this country to work actively toward the conclusion of a com-
prehensive nuclear test ban treaty. T am hopeful that today’s hearings
on NS, Res. 67 will spur new U.S. efforts toward achieving this
objective,

Our first witness for today’s hearing will be Senator Edward
Kennedy.

STATEMENT OF HON. EDWARD M. KENNEDY, U.S, SENATOR FROM
MASSACHUSETTS

Senator Kexxepy. Mr. Chairman, I appreciate the opportunity once
more to address the Subcommittee on Arms Control and Disarmament
on the need for a comprehensive test ban treaty, CTB.

Senate Resolution 67, which I introduced along with Senators
Mathias, Hart, Humphrey, Case and you, Mr. Chairman, hopefully
will offer an opportunity for the Senate to clearly endorse immediate,
serious and concentrated efforts by the executive branch to secure a test
ban treaty.

SENATE RESOLUTION 67

Senate Resolution 67 was introduced on February 20, 1973. It rep-
resents the joint efforts of the chief authors to provide a single legis-
lative vehicle for the expression of our belief that a comprehensive test
ban treaty, CTB, is long overdue. Thirty-three Senators have now
joined in support of this resolution.

The resolution urges the President first, to propose an immediate sus-
pension of underground nuclear testing to remain in effect so long as
the Soviet Union abstains from underground testing, and second, to
set forth promptly a new proposal to the Government of the U.S.S.R.
and other nations for a permanent treaty to ban all nuclear tests.

Essentially we believe that an immediate suspension would, as it did
10 years ago, emphasize both the seriousness and the sincerity with
which we intend to pursue negotiations for arriving at a test ban treaty.
The resolution also calls for a new proposal to reflect the changes in the
world, the changes in our relationship with the Soviet Union. and the
changes in our own technological capacity which the past decade has
II]'UlhI(’i'(L

HISTORICAL PRECEDENT FOR SUSPENSION OF TESTING

The historical precedent for a suspension of testing is well known.
In late December 1962, correspondence between President Kennedy
and Premier Khrushchev indicated a renewed interest in seeking a ban
on nuelear testing.

Informal contacts took place during the spring. Then, 10 years ago
this month, Senator Humphrey led 33 other Senators in introducing a
resolution supporting test ban negotiations,

Two weeks later on June 10 at American University, President Ken-
nedy announced a moratorium on atmospheric testing to remain in
effect so long as the Soviet Union abstained from testing. He announced
as well the start of negotiations toward a permanent treaty. He said
then, “Such a moratorium is no substitute for a formal binding treaty,
but I hope it will help us achieve one.” '
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On July 26, our chief negotiator, Ambassador Averill Harriman,
initialed an agreement in Moscow and it was formally signed on
August 5 by both President Kennedy and Premier Khrushchev.

I believe that a similar initiative by President Nixon could well pro-
duce a similar result, a result which would complete the unfinished
business of a decade. For in the treaty that the Senate ratified on
September: 24, 1963, are included the words: “Seeking to achieve the
discontinuance of all test explosions of nuclear weapons for all time,
determined to continue negotiations to this end.” Yet after more than
600 meetings of the Conference of the Committee on Disarmament,
[CCD], at Geneva, it is clear to all that neither the United States nor
the U.S.S.R. has seriously pursued a test ban treaty.

RESULTS OF FAILURE TO PURSUE TEST BAN TREATY

As a result of that failure, the promise of the partial test ban treaty
itself has not been fulfilled. There has been no atmospheric testing by
the signatories and the level of radioactive pollution has been minimal.
However, the world has hoped there would be other consequences, less
testing, fewer weapons, lower military expenditures. These hopes
were stillborn, swept aside by the frantic pursuit of more potent wea-
pons of destruction.

We have tested underground at least 249 times, the Soviet Union
has tested at least 77 times. The exact numbers remain classified.

We do know the cost of those tests. In the past 10 years, we have
expended more than $2.7 billion on testing alone. In the past 10 years,
the defense budget also shows that we have spent $75 billion for stra-
tegic forces. The Brookings Institution estimates the actual cost at
$150 billion.

And this year is no different. The budget proposes to spend $176
million more on testing weapons. Despite SALT and despite detente,
the budget also shows requests for strategic forces are on the upswing.
A Brookings analysis soon to be published will show an increase
the fiscal year 1974 budget of $1.4 billion for strategic forces alone.

Are we more secure today because of these vast expenditures and
because of our aggressive testing program? I seriously doubt it. For
during this past decade, the United States and the Soviet Union have
stockpiled enough megatonnage to virtually obliterate all life from
this planet. We have multiplied our warheads from 1,830 deliverable
warheads in 1963 to 5,900 today. And the Soviets have played nuclear
cateh-up, multiplying their stockpile from 210 warheads to 2.200. We
have expended enormous sums of money, but we have not purchased
greater seeurity for either nation.

PRESENT MOMENT OPPORTUNE FOR NEW INITIATIVE

I am convinced that the present moment is opportune for a new
mitiative to turn the minds and energies of man away from the spiral-
ling arms race of the past decade.

Within a few months’ time, General Secretary Brezhnev will be ar-
riving for a summit meeting with the President of the United States.
Last year’s summit concluded with the SALT accords and rising opti-
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mism around the world at the sight of the two most powerful nations
agreeing on a system of mutual restraint.

An extremely fitting and appropriate conelusion to this year’s sum-
mit would be for the two leaders to announce a mutual moratorium on
testing and to speedily conclude a treaty permanently banning all nu-
clear tests. It would respond as well to the August 5, 1973, target date
of the United Nations for ending all testing, the 10th anniversary of
the formal signing of the partial test ban treaty.

The timeliness of a CTB is underlined by SALT I. A comprehensive
test ban is the logical next step in arms control. Perhaps more than
any other single accord, a CTB would complement the SALT numeri-
cal limitations by placing qualitative checks on the nuclear arms race
and would give impetus to the other negotiations now underway at
SALT 1I, at MBFR [Mutual and Balanced Force Reductions] and
at the disarmament conference.

BENEFITS OF HALT TO TESTING

Today, all mankind lives beneath an unsteady nuclear sword, and
all nations face an equal threat from the accidental or deliberate nuse
of nuclear weapons. The benefits therefore of a halt in testing extend
far beyond the boundaries of this Nation. They extend to all nations.

First, a comprehensive test ban treaty, CTB, would mesh a potent
qualitative restraining with the quantitative limits imposed by the
SALT 1 agreements. For, as Dr. Kissinger stated, on May 29 in Kiev
regarding SALT: “This agreement, if it is not followed on by other
negotiations, will, over a period of time, permit a qualitative race.”

The ABM treaty of SALT T has removed any need for the devel-
opment of new warheads for offensive weapons to penetrate a Soviet
ABM. Too, it has removed the need for testing ABM warheads by
prohibiting further ABM deployment.

Yet, the budget proposals of the President are ample evidence that
demands for new offensive systems will continue despite the invulner-
ability of our deterrent and despite the unquestioned retaliatory ca-
pacity of our nuclear striking force.

There would be a minor, though tangible, benefit for the United
States in freezing qualitative warhead improvements at this time. For
there is every indication that a halt in testing now would make far
more difficult the Soviet effort to secure an operational MIRV. But
each side would benefit in the knowledge that no substantial improve-
ment in warheads could be tested and this in itself would put a damper
on the pressure for further qualitative improvement in weapons
systems,

Ambassador Myrdal stated the matter best in Geneva : “Only a ban
on further testing,” she said, “can stop the competition for qualitative
proliferation; that is, the quest for ‘product improvement’ which is
the most dangerously destabilizing element in the arms race.”

Second, a CTB would reinforce the nonproliferation treaty and
this perhaps would be one of its most significant benefits.

For since 1968, while some 78 nations have ratified the treaty, an-
other 70 have not. The holdouts include those who are most capable
of achieving nuclear capacity—West Germany, Japan, Israel, Egypr,
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India, Pakistan, and Brazil. Recently in Japan and in other nations
as well, there has been renewed talk of going nuclear, an event that
could not help but mark a serious perhaps fatal step backward in the
effort to secure world peace.

And these nations Ilnok with appropriate disdain at the clamor for
their accession to the nonproliferation treaty while the superpowers
engage in perpetual and extensive testing underground.

As the Swedish delegate told the CCD on March 8, “A halt would
also considerably strengthen the nonproliferation treaty. How could
two of the original parties to that treaty, who are still conducting large
series of tests, hope to persuade all other nations that nuclear weapons
would not be to their advantage #”

His rhetorical question directly affects the status of France and
China as well.

Any hopes of seeing the inclusion of China and France in the full
panoply of arms control measures sometime in the future clearly is
less likely while the United States and the Soviet Union continue test-
ing. Also, with regard to China, her recent ratification of participa-
tion in the nuclear-free Latin America treaty—Treaty of Tlatelolco—
is a promising sign. What seems clear, however, is that if the United
States and the U.S.S.R. do not lead the way, then there is no hope
whatever of drawing the other nuclear powers and near nuclear
powers into a pledge of nuclear abstinence.

BENEFITS OF CTB

Third, a CTB would eliminate the continuing environmental haz-

ard of underground testing.

While it may not be the overriding reason for conclusion of a
treaty, the removal of the environmental dangers of continued test-
ing cannot, be overlooked. Despite all of the precautions of the AEC,
one of every four underground tests has vented, sending radioactive
particles into the air. In addition, there are other dangers. A 1968
panel of eminent scientists noted that underground nuclear explosions
possess the potential to precipitate earthquakes and even tidal waves.
Regardless of the improbability of such an oceurrence. the unleashing
of massive power by underground testing presents risks that we dis-
cover too often only after the tests have occurred. We are too little
versed in the delicate balance between man and energy on this planet
to continue to take such risks with our environment.

Fourth, a CTB would permit a substantial amount of resources to
be redirected away from weapons testing and production to non-
military needs. This year’s budget calls for $176 million for testing by
the AEC and $425 million for production of Weapons. "

President Eisenhower said in 1953

Every gun that is made, every warship launched, every rocket fired, signi-
fies, in the final sense, a theft from those who hunger and are not fed, those
who are cold and are not clothed,

The $176 million for testing alone would pay the annual salaries
of 19,500 elementary schoolteachers.

Finally, a CTB would have an enormous psychologieal impact on
all nations, It would symbolize more than any other action the deter-
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mination of the superpowers to put the nuclear genie back into the
bottle. There can be no doubt that the mmlil‘-mn of a CTB would
create a positive arms control environment in which SALT IT and
other negotiations toward nuclear disarmament could go forward.

Mr. Chairman, these are the benefits that a comprehensive test ban
treaty would provide and these are the reasons why I believe the
Senate should go on record in favor of immediate steps to attain
that objective.

ISSUE OF ADEQUATE VERIFICATION

The only remaining obstacle according to administration spokes-
men is the issue of adequate verification. No one denies that one must
have a verification procedure to assure compliance with the agree-
ment. Yet the official U.S. position for the past decade has been that
adequate ver rification requires onsite inspections.

Today, the demand for onsite inspection has lost whatever merit it
ever lmmowotl In 1963, when we were willing to agree to a treaty with
seven onsite inspections, we had extremely pll!lllfl\(‘ seismic capabili-
ties. We now have the capacity, attested to by our leading seismolo-
gists, to detect underground events and distinguish between earth-
quakes and e .\]:Et_rhmnh. down to a level of 2 kilotons in hard rock. This
was the conclusion of the Woods Hole seminar of the Advanced Re-
search Project Administration [ARPA] of DOD and it has been
reiterated in the past several years by a long list of eminent seismol-
ogists.

Yet, despite these developments, Acting Director of ACDA [Arms
Control and Disarmament Agency]|, Philip J. Farley, has stated be-
fore this subcommittee, “We have not had oceasion to review formally
the precise number and have not either introduced or determined pri-
vately a new number since we last spoke of seven, I think it was in
1963." Thus. there has been no change whatsoever in our position in
the past 10 years despite the enormous refinements in our seismic veri-
fication capabilities.

And it should be noted, as well, that onsite inspection itself is of
limited utility in any case. Dr. Lukasik, ARPA Director, testified
before the Joimnt Committee on Atomic Energy in 1971, that only two
techniques of onsite inspection had proved of any use: visual inspec-
tion and radiochemical analysis. Yet he acknowledged that “suffi-
ciently deep burial will preclude surface effects and seepage of radio-
active gas to the surface.’

Dr. l*ldllmlll A. Long, former Assistant Director for Science and
Technology of the Arms Control and Disarmament Agency has de-
seribed the new seismological capability as being extremely close to
the situation where we can (]I‘-»flll"’lllkh between mlt}lqu ake and nuclear
explosion whenever we detect an underground disturbance. In that
situation, onsite inspection becomes virtu 1|I\ meaningless.

With regard to seismic capabilities, T would note that the U.S.-Soviet
environmental agreements of last year include provision for the in-
stallation of ("ll|||l|ll‘1|\(’ measurement instruments in both countries.
It is possible the U.S.S.R. might agree to the installation of similar
black boxes which would provide an additional improvement in our
seismic monitoring. In February, the Soviet delegate stated at the
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CCD : “International cooperation in exchanging seismic data would be
of great importance in tfli&-i matter. The U.S.S.R, is willing to carry
out such exchanges within the framework of an agreement on the
cessation of nuclear weapon tests.”
And we do not have to rely on seismic monitoring alone to enforce
compliance.
ADEQUATE VERIFICATION ISSUE

There is additional assurance provided today by observation satel-
lites which are refined to a capability unknown 10 years ago. Satel-
lite photos would be able to detect construction artifacts at a test site,
such as drilling, roads, horehole casings, or towers. After a test, a
satellite photo would pick up subsidence craters, changes in vegetation,
and other indicators of a change in the Earth’s surface. When we are
aware that satellite photos can distinguish details down to a diameter
of a few feet, then clearly we have an enormous new verification poten-
tial available to us.

I't should also be noted that these two verification technologies, satel-
lite photography and seismology, would not operate independently.
The value of the two would be greater than the sum of the parts, since
an evader would have to evade both simultaneously.

Furthermore, we would have traditional intelligence-gathering
means to add to the risk of the nation attempting to evade the treaty.

Thus, William C. Foster, Director of ACDA from 1961 to 1969,
states in a letter to me in support of this resolution : “Although verifica-
tion of a CTB once required onsite inspection, nuclear test detection
and identification technology is now such that we can enter safely
into a test ban agreement using existing national means of verification,
without onsite inspection.” T would like to submit the letter and a full
statement as well from Mr. Foster, now chairman of the Arms Control
Association. [See appendix p. 137.]

Further evidence that onsite inspection is no longer a legitimate
obstacle to the conclusion of a CTB is its absence from the SALT
agreements.

They affirm the adequacy of national means of verification, and they
do so under conditions in which seismic verification is not even avail-
able as a method of detection.

Dr. Kissinger stated : “We are confident that the national means of
verification are sufficient to give us the highest degree of confidence
that this agreement will be lived up to, or that we will know it almost
immediately if it is not lived up to.”

He was supported strongly by former ACDA Director, Ambassa-
dor Gerard Smith, who said: “As a matter of fact, if T had my
‘druthers’ anfl could have onsite inspection instead of our present na-
tional means, there would be no question in my mind that we would
be much better off with national means of verification.”

The SALT accords also provide a verification process which could
be used as a model for CTB. For both sides have agreed not to inter-
fere with national means of inspection, and both sides have agreed
not to use deliberate concealment to impede verification. A standing
consultative commission also has been established where questions con-
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cerning fulfillment of the treaty obligations can be raised. Essentially
it is the failure of the other party to supply an adequate response
which could trigger the withdrawal clause contained within the treaty.
A similar procedure could be established in a C'TB agreement.

This procedure and the technology we have to back it up would
provide the same assurance in a C'TB that the SALT verification pro-
visions afford, the assurance that the risk of discovery of any cheating
outweighs from the Soviet viewpoint any benefit they might obtain
from a secret test,

The Soviet Union has a vested interest in the web of arms control
agreements which has been erected over the past decade. They know
that this carefully balanced ereation would fall to pieces at the first
sign of a treaty violation. They know, too. that our present verifica-
tion capabilities make the risk of discovery enormous.

POSITION SUMMARY

In summary, this is our position: The United States is committed
in two solemn treaties to negotiate determinedly toward a compre-
hensive test ban treaty. Over the past 10 years, our strategic force
has expanded enormously. During the same period of time, our ability
to detect tests with seismic and satellite reconnaissance methods has
improved enormously. Yet there has been no new proposal to achieve
a treaty.

Furthermore, all agree that the logical next step to the SALT 1
agreements is a treaty limiting qualitative improvements. The com-
prehensive test ban would provide that qualitative brake. And it
would impede the spread of nuclear weapons to other nations, Thus,
the unfinished business of the sixties has become an imperative next
step for the seventies,

Finally, a mutual moratorium has been successfully used in the
past as a stimulus fo a final treaty. Why not try it again and break
the logjam that has held up test ban negotiations for 10 vears?

Mr. Chairman, I share the recent view of United Nations Secretary
General Kurt Waldheim that “only a political decision is now neces-
sary to achieve final agreement.”

Now is the time for the United States to demonstrate the political
will necessary to reach agreement on the cessation of all nuelear
testing.

We have an obligation to do so under two international treaties.
but we have an even greater obligation to our children, to see that
the world they inherit is free from the shadow of nuclear destruction.

Mr. Chairman, I would like to ask that the complete statement be
printed as read. I have indicated the letter from Mr. Foster. We also
have a very extensive statement, I believe, by Senator Mathias, also
Senator Hart, and a number of enormously useful letters of corre-
spondence that relate to different aspects of the issue. The list includes
men who have spent a lifetime in the area of disarmament and arms
control. I would like to ask that they be printed in the appropriate
place in the record. [See appendix.]

Senator Muskie. Without objection, that will be done, and may I
compliment you, Senator Kennedy. on an excellent statement. T think
that within the confines of the statement itself without the supporting
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material, you have laid out the case for S. Res. 67 about as well as it
can be done.

I think that at this point Senator Case has a statement that he didn’t
have an opportunity to make. I would like to give him that oppor-
tunity.

Senator Case. Thank you, Mr. Chairman.

I join in the view of expressing appreciation to Senator Kennedy
for a very fine statement. 1t is mm]11'91191:.‘51\-12. and it lays the ground
very well for action here.

Without objection, I ask that I be allowed to place in the record
a short statement of my own.
[ The statement of Senator Case follows:]

STATEMENT OF SENATOR CAsSE oN S. Res, 67

Fhe resolution before this subcommittee today ecalls upon the President to
propose an immediate suspension of underground nuclear testing to the Soviet
Union. This suspension would remain in effect so long as it is respected by the
Soviet Union. The resolution further calls for a new proposal to be made to the
Soviet Union and other nations for a permanent treaty to ban all nuclear tests.

I sponsored this resolution when it was introduced in the Senate on Feb-
roary 20, 1973, and I earnestly hope that favorable action by this committee and
passage by the Senate can be speedily accomplished. i

From every standpoint, the time is at hand for the Senate to affirm support for
a new initiative on the part of this government.

For almest ten years, the United States and the Soviet Union have been dead-
locked in the negotiation of an underground nuclear test ban treaty. For ten
years, the United States has insisted upon—and the Soviets have resisted—on-
site inspections as a means of verifying compliance with such a treaty.

At the beginning of this period, U.S. insistence upon on-site inspections was
probably justified in view of our then-relatively primitive ability to verify com-
pliance solely by seismic monitoring stations on our own soil or on that of coun-
tries bordering on the Soviet Union,

But since then there have been great advances in seismic monitoring tech-
niques, The significance of these advances is that the United States may now
be able safely to rely upon these monitoring techniques and drop or modify its
insistence upon on-site inspections.

Some arms econtrol experts may question whether any further improvement
in our seismic monitoring capabilities is necessary. Others may still argue that
our capabilities for policing a test ban treaty are not sufficiently reliable and
sensitive to deter some form of covert underground testing.

Whatever the outcome of this debate among the technicians, it presents no
argument against revising our negotiating position in light of the unquestioned
technical advances of the past decade.

In this regard, I believe it should be underlined that the Defense Department
has greatly stepped up efforts in the past year to improve even further our
eapabilities to monitor an underground test ban.

Two years ago, whenl first began to investigate our capability to monitor such
a treaty, it took a major effort on my part to force the Defense Department to
admit the advances that had been made.

One year ago, the program of exploiting the great scientific advances which
had been made in this field was at such a low ebb, that I felt impelled to intro-
duce legislation to transfer responsibility from the Defense Department, which
then had jurisdiction, to the U.8, Arms Control and Disarmament Agency.

According to press reports, much has changed in recent months and Defense
Department efforts to capitalize on these scientific achievements reportedly have
received a new urgeney and high degree of priority. According to one account, a
new initiative is now underway to relocate and upgrade monitoring equipment
thronghout the 20-station seismographic network that the U.S. has thronghout
the world.

I applaud this development, But it is all the more important that this new
momentom be maintained—in this connection, that we in the Senate now affirm
our support for this movement towards a treaty ending all nuclear tests:
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Since the conclusion of the Limited Nuclear Test Ban Treaty, in 1963, the
rate of nuclear testing has actually increased,

The non-nuclear powers have become increasingly restive at the prolonged
delay in ending nuclear testing. The Nuclear Non-Proliferation Treaty itself is
further endangered with the passage of every day—and we have been specifi-
cally warned by nations who have not yet ratified it that time ig running out.

Absent an agreement, the United States and the Soviet Union will feel im-
pelled to continue their inexorable competition to refine their warheads.

As the first step in the effort finally to resolve this long-standing impasse, I
urge my colleagues to support this resolution.

REASON RESOLUTION IS NECESSARY

Senator Cask. As cosponsor of this resolution, I have been asked why
[ believe a resolution is necessary. The implication is: Are you criti-
cizing the administration for dragging its feet? Well, I'm not, and 1
do want the administration representatives who are in this room and
elsewhere to know this. I regard this resolution as a constructive rather
than as a critical exercise.

This is an area in which public opinion is not out front. It is an
area in which a certain amount of leadership is necessary to make
progress. I regard this resolution as evidence that the Congress will
stand behind initiatives in this area by the administration which we
think are useful and which we have no reason to suggest they are not
willing to make.

As 1 have said before in another hearing before this committee, 1
think it is more essential now than it has been in the past when there
was no question that the administration’s prestige might not be as high
as it ought to be or as we would like to see it at the moment. This is
the time when it is more important than ever that there be a closing
of ranks on policy matters between the executive and the legislative
branches. That is what this resolution, if it is accepted by the adminis-
tration, can do.

For the rest, I think, my statement speaks for itself.

Senator Kexxyepy, If I could just react and respond, I want to cer-
tainly indicate to Senator Case who has spent so many years of his life
in this area of study and made such important contr ibutions, that is
exactly the spirit in which the cosponsors, both sides of the aisle, have
advanced this resolution.

I think all of us are extremely hopeful, as Senator Case has pointed
out, that it would be an indication of the support for the administra-
tion if it takes those steps which have been outlined. We came here
today with a balanced group of Members of the Senate from both
sides of the aisle, some 33 Members. I dare say that there are an addi-
tional number who have indicated to those of us who have been chief
sponsors of this proposal, their support as well.

So I think that Senator Case has stated the sense with which this
proposal has been advanced, and 1 would certainly hope it would be
considered in that light.

Senator Case. Thank you.

Thank you, Mr. Chairman,

Senator Muskie. I think the point that both of you have made could
be emphasized is that it is related to the problem of generating public
support for a new major policy change. I compare “this often to the
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developments in the environmental field which finally triggered public
mterest and concern and support.

We have had dirty water around a long time; yet an awareness of
that was not sufficient to really mount a massive public concern. It
was only when air pollution became very visible and people were sensi-
tive to the fact that they were breathing this filth and couldn’t escape
it that the emotional content of the issue began to mount, and we
began to get some tongh air pollution legislation and also water pollu-
tion legislation. We achieved a limited test ban treaty because people
realized they couldn’t escape the radiation in the atmosphere. It was
accumulating, concentrating in unknown and, in some cases, unmeas-
urable dimensions, and the prospect of that, I think, injected an emo-
tional content into the issue which gave us the limited test ban treaty
and later the nonproliferation treaty.

Now, I think, what the three of us and our associates feel is that,
with the elimination of that emotional content, we may have created
an obstacle to further progress in this field. and I think that’s another
reason that makes it important that we take part in this initiative.

I would like to ask just two or three questions, Senator Kennedy,
to emphasize the simplicity of the approach in S. Res. 67.

CALL FOR MORATORIUM ON FURTIIER TESTING

‘irst of all, you ecall for a moratorium on further testing. This is
a tried and true device which yoa so well pointed out in your state-
ment. and it has led on previous oecasions to the achievement of agres-
ments. So this 1s not a risky kind of venture,

I recall that in the fifties, and especially the 1956 Presidential cam-
paign, such a suggestion was regarded as revolutionary and risky be-
yond any reasonableness. Yet President Kennedy undertook it in 1962,
and it very quickly resulted in a limited test ban agreement. And so
the simplicity of that approach, I think. ought to generate some re-
assurance that you and 1 and Senator (lase are not wild men.

NO UNILATERAL UNDERTAKING TO SET DOWN TREATY TERMS

The second point I would make is that we are not undertaking
unilaterally to set down the terms of the treaty which the United
States would require. As n matter of fact there are no terms at all
in S. Res. 67. We are simply asking for the beginning of the negotia-
tion process, and that is a simple proposition. It does not bind us to
anything from which we cannot back off, and does not bind us to any
risks that we would not be allowed to measure.

ADEQUACY OF EXISTING NATIONAL MEANS OF VERIFICATION

The third point—and [ think those two points are easy for the
public to understand—is that 1 think we need some enlightenment on
the question of verification which you touch upon, I think, so effec-
tively in your statement.

Now. do you personally believe that there have been sufficient seismo-
logical advances in recent years to provide the United States with an
acceptable level of competence in our ability to identify significant
violations of the comprehensive test ban treaty?

96-466 0—73——2
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Senator Kexxeoy. Well, T certainly do, Mr. Chairman. And T think
that the case has been made by experts, some of the witnesses that
will appear before you today. I also would note the very splendid
statement of William Foster who has spent such a considerable period
of time in the field of arms control. At one time, he believed in the
importance of onsite inspection and now has stated, although ade-
quate verification of a CTB once required onsite inspection, nuclear
test detection and identification technology is such that we can enter
safely into a test ban agreement nsing existing national means of veri-
fication without onsite inspection.

I think that statement 1s accurate. It represents the best judgment
of those who have followed this subject closely over a long period of
time, not only those of us in the area of public policy, but also those
that have given virtually a lifetime to the technology of verification.
Not only in the fields of seismology, aerial and satellite reconnaissance
and in traditional intelligence gathering, we have the kinds of protec-
tions essential from a security point of view.

Finally, Mr. Chairman, we have recognized and I think very appro-
priately so, that the benefits of the ABM treaty and the agreement on
limitation of offensive weapons with the Soviet Union, and the over-
whelming risk of detection outweighs any potentially small advantage
that might be conceived by the Soviet Union to justify an isolated
instance of cheating.

The potential risk which exists, even if we were talking about the
Soviet Union moving ahead with the various types of gymnastics that
would be necessary to coincide explosions and earthquakes or to deto-
nate a limited type of explosion in a cavity, is so marginal, and the
technological benefit that would come from it would be of such little
value, that the issue of onsite no longer can justify delaying a test ban
treaty.

We have given up the concept of onsite inspection in the area of
biological warfare because we felt that there was such an overriding
importance and responsibility to try and reach some agreement in the
area of biological warfare, that any risk was worth taking. The same
holds for the NPT. Certainly &« CTB is of equal importance from a
public policy point of view.

Senator Muskie. The point you make, then, seems to be twofold :
One, that we've enlarged our capacity to make positive identification
of seismic events, We have done so to the point that, second, the risk
to the Soviet Union in undertaking tests in that environment of tech-
nology is so great that we can rely on deterrents to inhibit them from
undertaking to cheat.

Those have been persnasive arguments, as yon have said.

POSSIBILITY OF SENATE RESOLUTION 67 WREAKENING U.8. NEGOTIATING
POSITION ON VERIFICATION

One other question with respect to testimony to be submitted later
today, since you will not have an opportunity to report at that time. In
his testimony Joln Foster of the Defense Department argues that
Senate Resolution 67, by tacitly accepting the Soviet position on na-
tional means at the ontset, would actually weaken our present position
in attempting to negotiate to require verification capabilities.
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How would you respond to that?

Senator Kexxepy. First of all, I am willing to accept, as an individ-
nal Senator, the fact that onsite inspections would not be necessary,
but our resolution does not propose that. I think this resolution is an
umbrella under which many of us can find agreement, and I am sure
there are different members who support the basic proposal as you
have outlined yourself, that have different kinds of views on the
specifies of verification.

I do not think it in any way would bind us. Perhaps there would be
those—and perhaps Mr. Foster—and 1 will look forward to reading
his testimony—would feel in some way that it at least outlines the
parameters of the verification issue and thus stick us with the position.
Those of us who are supporting the resolution at the outset ought to
make quite clear that it does not attempt to enunciate a spec ific bar-
gaining proposal.

As I say, national means of verification would satisfy me, but I do
not think it really should be interpreted, as one who has been active
in the development of the resolution, along with yourself and Senators
Case, Hart, and Humphrey and Senator Mathias, to bind any of the
members on that particular issue.

Senator Muskie. The resolution does not in fact propose any nego-
tiating position, and 1 think it is conceivable that the 33 Senators who
have cosponsored might differ with each other as to what the initial
negotiating position should be, and that many of them may, indeed,
support some limited form of onsite inspection.

But, in any case, we do not have to put that question at this point
nor answer it in the resolution.

Senator KexNepy. It seems that the present negotiating position re-
quires seven onsite inspections. Obviously, there has been a 10-year
change in technological and other considerations since that time. We
are urging at this time a new proposition, a new proposal to achieve a
CTB, and this is really the justification incorporated in the resolution.

Senator Muskie. As a matter of fact, I think Mr. Foster onght to be
commenting on the statement of his, and the one Mr. Kissinger made
in Moscow last May to which T referred. It was, and I repeat it, that
we have been in ]nm(lplv prepared to do this. The obstacle has been
the debate about mspection, and we are willing to restudy the issue.

Now, that statement suggests greater flexibility on this point than
the single statement T have t;m)tvcl from Mr. Foster’s testimony, and if
he subscribes to the Kissinger statement, then it scems to me he could
subscribe to Senate Resolution 67.

Senator Case?

POLICY DECISION NOT BEING MADE

Senator Case. I think you have covered the matter very well. It is
well to bring out that what we are doing here is not making a policy
decision, but that we are urging that the matter be deliberated ; that
we move from our present position, which is static, to an active posi-
tion of seeking a solution on the basis of a change in the general knowl-
edge in this area, and also of political developments.

Senator Muskie. Thank you very much, Senator Kennedy, for
excellent testimony and doe umentation.

Senator Ken~eny. Thank you.
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Senator Muskie. Our next witness this morning is Mr. Philip J.
Farley, Acting Director of the U.S. Arms Clontrol and Disarmament
Agency.

Mr. Farley, it is a pleasure to welcome you again to this subcommit-
tee, and T invite you to present your testimony.

Mr. FarLey. Thank you, Mr. Chairman.

I believe, Mr. Chairman, that you have my prepared statement. As
vou requested in your letter inviting me to appear, T would propose to
go somewhat more briefly through the line of thought in that statement
rather than reading it in its entirety. if that is agreeable to you.

Senator Muskie, It would be fine.

It is agreeable to us to handle it in any way that is useful.

Mr. Fareey. Thank you.

STATEMENT OF PHILIP J. FARLEY, ACTING DIRECTOR, U.S. ARMS
CONTROL AND DISARMAMENT AGENCY; ACCOMPANIED BY
DR. JACK F. EVERNDEN, CHIEF SEISMOLOGIST, ARMS CONTROL
AND DISARMAMENT AGENCY

Mr. Faruey. What T have presented in my statement is an exeeutive
branch view, both on Senate Resolution 67 and on the question of a
proper manner to pursue our objective of a comprehensive test ban.

RECOMMENDATION FOR MUTUAT MORATORTUM

With regard to the first recommendation of Senate Resolution 67
for a mutual moratorium, in our view such a moratorium would nec-
essarily lack many of the safeguards of a formal international agree-
ment. Therefore, the administration does not believe that such a
moratorium would be a prudent step to take at this time.

Acting Assistant Secretary of State Wright, Mr. Chairman, has
addressed a letter yesterday to Senator Fulbright in his capacity as
chairman of the Senate Foreign Relations Committee, setting forth
this view at somewhat more length, and we’d like to request that this
be included in the record.

Senator Muskie. Without objection, it will be included. [See p- 2.]

ADEQUATELY VERIFIED COMPREHENSIVE TEST BAN FAVORED

Mr. Farrey. In our view, then, it would be better to direct our
efforts toward a comprehensive test ban treaty, adequately verified,
as is urged in the second operative clause of Senate Resolution 67, and
that is the matter to which the rest of my remarks are addressed.

I want to state again formally that this administration. like its three
predecessors, favors the conclusion of a comprehensive test ban, ade-
quately verified. The reasons for this are, T think, not a matter with
which there is dispute, as T noted in listening to Senator Kennedy’s
presentation and to your opening remarks, Mr. Chairman. T think there
is a broad area of agreement. The kinds of reasons which tend to favor
such a test ban are its effect on limiting United States-Soviet and
other nuclear arms competition. the impetus and support it would give
to our efforts of nonproliferation, its political significance as a gesture
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by which we respond to a widespread feeling in the world community,
and finally, the contribution it would make to allaying the concerns
about possible adverse effects of underground nuclear tests on the
environment.

Now, we certainly do not contest that improvement in our nuclear
weaponry could be hindered by a comprehensive test ban, and that this
in turn might hamper our efforts to cope with future threats.

It has also been pointed out that there could be problems of main-
taining confidence in the reliability of existing warheads if there is
not testing.

For reasons such as these, there would be some adverse impact on
our military posture., However, our view is that the military impact
on us of a comprehensive test ban would be acceptable since other
parties would be similarly constrained if they abided by their obliga-
tions under the treaty.

Abiding by the obligations under the treaty is, of course, the crucial
element, and adequate verification to give us assurance of compliance
by others is thus crucial to the acceptability of a comprehensive test
ban from the security point of view.

I might say as a matter of some interest that this question of whether
it is military considerations that are preventing the United States
from accepting the ban on underground nuclear weapons tests was
raised in the Geneva discussions last year, and the U.S. representative,
Ambassador Martin, responded directly in the negative. The United
States is prepared to give up the advantages we gain from nuclear
weapons testing, but of course, only if we can be assured that others
abide by the same restrictions.

PROBLEM OF PEACEFUL NUCLEAR EXPLOSION

Another problem which has been identified before, Mr. Chairman,
is the problem of peaceful nuclear explosion [PNIE]. Such explosions
would provide opportunities for conducting weapons development.
Before a comprehensive test ban would be possible, some resolution of
this problem must be made. If negotiating a satisfactory mechanism
proved difficult, one possible approach in the interest of making prog-
ress might be to agree to suspend them until a system of adequate safe-
guards could be developed and negotiated.

Senator Case. By this do you mean safeguards against transfer of
the technology?

Mr. Farcey. Or actually using the peaceful nuclear explosion as an
oceasion for testing new weapons concepts or modifications.

Senator Case. Thank you, Mr. Chairman.

NECESSITY OF BROAD ACCEPTANCE AND EFFECTIVENESS OF TREATY

Mr. Fariey, So I, and of course, the administration, note frequently
that the advantages of a comprehensive test ban will be obtained only
if the treaty achieves broad acceptance and is effective in stopping
nuclear tests. If some parties to the treaty could conduct a significant
amount of nuclear testing without the knowledge of the other parties
to the treaty, one or more of the advantages could be nullified and the
treaty operate to the disadvantage of those still abiding by it.
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EFFORTS T0 IMPROVE VERIFICATION CAPABILITIES

As a result, the United States has always insisted on adequate veri-
fication for a comprehensive test ban: that is, verification which would
provide the United States with an acceptable level of confidence in
our ability to identify significant violations should they occur. We
have devoted a great deal of effort to improving verification capabili-
ties. 1 think 1t 1s fair to say that the advances such as were referred
to by Senator Kennedy, are overwhelmingly the result of efforts that
have been put forth by the United States.

Liast summer we presented to the conference of the Committee on
Disarmament in (Geneva, a summary of the progress that has been
achieved in seismic verification and the problems that still remain to
be solved.

Mr. Chairman, 1 would like to request permission to insert that
report and the tabling speech by the U.S. representative into the record
at the conclusion of my statement.

Senator Muskie. Without objection that will be done.

Mr. FarLey. And work is being done on an updated presentation
for another conference on seismic verification which is scheduled to be
held during the forthcoming summer session of CCD,

I then proceed, Mr. Chairman, in my statement to discuss in some
detail the problems to which we are currently directing priority atten-
tion, and the progress which is being made. 1 can pursue that at such
length as the committee wants, but I might just say in summary at
this time that the result of all of this is that definite progress is being
made. Remaining problems are being actively pursued, and we feel

that rational design of networks for dealing with particular problems
will soon be possible,

NECESSITY OF SOME ONSITE INSPECTIONS

However, I must emphasize that we have not found it feasible to
define the threshold of capability under a comprehensive test ban
required by the United States consistent with its national security.
Any seismic network will have its inherent limitations. While seismic
capability has improved, so has understanding of the military poten-
tial of nuclear tests of lower yields. As a result of this factor and the
limitations of our seismic and other national means of verification, it
remains our position that onsite inspections can help in deterring
possible violations of a comprehensive test ban, and we continue to
hold the position that some onsite inspection is necessary to supple-
ment our national needs,

SOVIET AND OTHERS INSISTENCE THAT NATIONAL MEANS ARE SUFFICIENT

The Soviets and some other countries. however, have continued to
insist that national means are sufficient for CTB verification. and this
continues to be a matter of dispute in international disarmament quar-
ters. We are continuing to participate actively in the international
discussions at the CCD in Geneva and the United Nations in New
York on various approaches to a comprehensive test ban.
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This has been a subject of key interest to many countries, and we
have considered their views very earefully while at the “ame time shar-
ing the results of our research here. As a result, we expect to present
our latest findings to the CCD seismic experts niecting this summer
as we did last summer in our working paper on progress and problems
in seismic verification.

CONCLUSION

In conelusion, Mr. Chairman, the United States remains committed
to a goal of an adequately verified comprehensive test ban, and we are
actively pursuing solutions to the problems of verification both through
our technieal research and at the negotiating table,

That concludes a summary of my prepared statement, Mr. Chairman.

As you requested, I am accompanied by Dr. Jack Evernden, who
is a seismologist on the Arms Control and Disarmament Agency staff.
We will try to respond to your questions.

[ Mr, Farley’s prepared statement follows:|

STATEMENT oF I'HILIp J. Farcey, ActiNe DIRECTOR oF THE U.S. ArMS CONTROL
AND IMSARMAMENT AGENCY

Mr. Chairman, 1 am pleased to be here today to present testimony relative
to consideration by the committee of Senate Resolution 67, which would BXpPress
the sense of the Senate that the United States should propose an immediate
suspension of underground nueclear testing to remain in effect so long as the
Soviet Union abstains from underground testing, and should set forth promptly
i new proposal for a permanent treaty to ban all nuclear tests.

With regard to the first recommendation of Senate Resolution 67—a mutual
moratorium—such a moratorimm would necessarily lack many of the safeguards
of a formal international agreement. Therefore, the administration does not
believe that it would be a prudent step to take at this time. Rather we believe
our efforts would be better directed toward the achievement of a comprehensive
test band treaty, adequately verified, as urged in the second operative clause of
Senate Resolution 67. As a result, my remarks will be addressed to the advan-
fages of, and the obstacles to, such a treaty.

This administration, like its three predecessors, favors the conclusion of a
comprehensive test ban, adequately verified. In his initinl message to the Con-
ference of the Eighteen-Nation Committee on Disarmament, now known as the
Comference of the Committee on Disarmament (CCI)), in Geneva on March 18,
1968, the IP'resident said, “The United States supports the conclusion of a
comprehensive test ban adequately verified.” Ambassador Martin of the United
States, in his opening address to the CCD on February 20 of this year, reaffirmed
U.S. support for an adequately verified comprehensive test ban.

The advantages of a comprehensive test ban adequately verified would be
as follows :

First, it would contribute to efforts to prevent the spread of nuclear
weapons to additional countries. It would do so in two ways—by creating
an even more significant practieal obstacle than the Limited Test Ban
Treaty to the independent development of nuclear weapons by parties which
have not yet acquired them; and by reinforcing the Nonproliferation
Treaty ;

Second, it would contribute to our efforts to limit the United States-Soviet
nuelear arms competition. It would do so by impeding further improvements
by either side of the nuclear components of offensive and defensive nuclear
weiapons, since testing is important both in developing such improvements
and in evalnating their effects,

Third, it would be responsive to a widespread desire in the world com-
munity for an end to nuelear weapon testing : and

Fourth, a comprehensive test ban would help allay concerns about pos-
sible adverse effects of underground nuclear tests on the environment,
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It cannot be contested that improvement in our nuclear weaponry would be
hindered by a comprehensive test ban, and this in turn might hamper our efforts
to contend with future threats. Of course this constraint would apply to all par-
ties to such an agreement and such mutual constraint would be, indeed. an ob-
jective of the agreement.

It has also been pointed out that there might be difficulty in maintaining confi-
dence in the continuing reliability of all existing warheads without testing. In
some cases to date defects have developed in a particular type of warhead. Under
a CI'B, any such defects would have to be remedied by means not invelving
nuclear testing, including the substitution of a previously tested warhead, It
would appear that, given suflicient funding, any loss in reliability could often be
avoided or delayed.

Thus, the military impact of a comprehensive test ban on our nuclear posture
would be acceptable, since the other parties would be similarly affected, if they
abided by their obligations under the treaty. Adequate verification to give us
assurance of compliance by others is thus crucial te the acceptability of a CTB
from the security point of view. I shall nddress the issue of what is required for
adequate verification a little later.

The question whether there are military considerations that are preventing
the United States from accepting a ban on underground nuclear weapon tests was
raised in the CCD in 1972, The U.S. Representative replied that the answer is
no: The United States is prepared to give up the advantages derived from nuclear
weapon testing, of course, only if we ¢an be assured that others are abiding by
the same restrictions,

One additional problem with respect to a comprehensive test ban that should
be mentioned is peaceful nuclear explosions, because of the possibility of con-
ducting weapons development in conjunction with a peaceful nuclear explosion

program. It would be difficult to detect such development even with onsite in-

spection by international observers. The Soviets have an active program in this
field and certain nonnuclear countries have expressed interest in peaceful nuclear
explosives. Before a CTE would be possible, some resolution of this probleny
must .be made. If negotiating a satisfactory mechanism proved difficult, one
possible approach might be to agree to suspend them until a system of adequate

safeguards could be developed and negotiated,

In previous appearances before this committee, I noted that the advantages
of a comprehensive test ban would be obtained only if the treaty achieved broad
acceptance and was effective in stopping nuclear tests. If some parties to the
freaty could conduet a significant amount of nuclear testing without the
knowledge of the other parties to the treaty, one or more of the advantages
I have listed earlier coald be nullified and the treaty would operate to the dis-
advantage of those still abiding by it. As a result, the United States has al-
ways insisted on adequate verification for a comprehensive test ban, that is
verification whieh would provide the United States with an acceptable level
of confidence in our ability to identify significant violations, should they oceur.

The United States has continued working vigorously on contributing to the
solution of the verification problem. Some $300 million has been committed
to research and development on detection and identification of underground nn-
clear tests since the early 1960's, primarily in the area of seismology, Last sum-
mer the U.S. presented to the conference of the Committee on Disarmament in
Geneva a summary of the progress that has been achieved in seismic verification
and the problems that still remain to be solved. Mr. Chairman, 1 request per-
mission to insert that report and the tabling speech by the U.8. Representative
into the record at the conclusion of my statement. Work is now in progress on
an updated presentation for a conference of experts in seismic verification,
which is expected to be held during the forthcoming summer session of the
CCD. Dr. Jack Evernden, a specialist in the seismic verificaton area who has
been working actively on this problem in ¢lose collaboration with ARPA as a
member of the ACDA staff for about 2 vears, is with me today, as you re-
quested. He is prepared to answer specific technical questions in his area of
expertise. It might be useful, however, Mr. Chairman, if T were to give a brief
overview of the situation as it appears at the moment.

In response fo a question submitted by Senator Case in connection with the
hearing on the ACDA aunthorization last spring, Ambassador Gerard Smith,
former ACDA Director, stated that various characteristics of seismic signals
are adequate, in principle, to serve as the basis for diseriminating earthquakes
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and explosions down to magnitude 4.0 on the Richter scale. As work has pro-
gressed, additional support has been obtained for this position. It is my under-
standing that theoretical considerations suggest these characteristics appear to
hold for discrimination at smaller magnitudes, although it is ditficult to acquire
suflicient observed data to prove this empirically.

Knowing how to accomplish identification in prineiple is quite different, how-
ever, from doing it in practice, Complications arise in achieving an operational
capability to apply diserimination ecriteria to all events of interest, This dithi-
culty arises from three basie problems,

First, establishing depths of focus of small earthquakes or explosions—that is,
those observed at comparatively few stations—is very difficult without the avail-
ability of data frowm stations within a thousand kilometers or so of seismic events,
It sufficiently accurate depths cannot be established, proper application of a cri-
terion such as the ratio of surface wave to body wave magnitudes, well known as
the M, imy criterion, may be impossible. Without good depth estimates, it is diffi-
cult to identify the so-called “anomalous events,” which are seismic events having
surface wave magnitudes so low that, if such events are considered to be very
shallow, then the nature of the events cannot be discriminated by the M, iy
criterion,

sSecomnd, a number of events in the U.S.8.R. of signifiecant magnitude are un-
identifiable by teleseismic networks because of inability to se |a.|m|v their surface
waves from those of larger earthquakes oceurring in the U.S.S.R. or elsewhere,
This creates a set of unidentifiable events in which an explosion cannot be dis-
tinguished. More capable seismic networks than we now possess are required to
limit this set of “mixed"” events to a small number.

Third, the network requirements and complexities involved in effectively com-
bating deliberate efforts at evasion of a comprehensive test ban need to be
considered.

Analyses conducted by ACDA and ARPA are directed at assessing the gquanti-
tative parameters controlling and describing these problems and their solutions,
and progress is being made in all three of these areas. As indicated in the U.S,
CCD paper of last Augnst, certain data will only be available if records are ob-
tained at short distances from seismic sources, As analysis has progressed, the
role of close-in seismic observatories for increasing detection and identification
capabilities has become clearer, pointing to the possible utility of unmanned
seismic observatories or “black boxes.,” I referred to this aspect in my earlier
testimony and current research is attempting to quantify the above problems in
such a way that valid estimates of USO network characteristies can be generated,
At the same time, ARI’A and ACDA efforts directed toward the development of

“black boxes” are underway so that highly reliable instruments can be built
using the latest available technology, As I noted earlier, it is the U8, position
that a CTE depends upon an adeguate verification capability and we are work-
ing continuously to learn the details of how that capability may be achieved. In
addition to the effort 1 have deseribed, which is primarily oriented toward analy-
sis of various concepts, improved seismic instrumentation and data transmission
systems are to be made operational in the near future to aid in obtaining data
to address the remaining problems.

The result of all of this is that definite progress is being made, remaining prob-
lems are being actively pursued, and we feel rational design of networks for
dealing with particular problems will soon be possible. However, 1 must empha-
size that we have not found it feasible to define the threshold of capability under
a OTB required by the United States consistent with its national security. Any
seismic network will have its inherent limitations, While seismic capability
has fmproved, so has understanding of the military potential of nuclear tests
of lower yields.

As n result of this factor and the limitations of our seismic and other national
means of verification, it remains our position that onsite inspections ean help in
deterring possible violations of a comprehensive test ban and we continue {o hold
to the position that some onsite inspection is necessary to supplement our na-
tional means, The Soviets, and some other countries, however, have continued
to insist that national means are suflicient for CTB verification, and this con-
tinues to be a matter of dispute in international disarmament forums.

The United States is continuing to participate actively in international dis-
cussions at the CCD in Geneva and the United Nations in New York on various
approaches to the achievement of a comprehensive test ban. This has been a sub-
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Jject of keen interest to many countries, and we have considered their views very
carefully, while at the same time sharing the results of our research with them.
Again, we expect to present our latest findings to the CCD seismic experts’ meet-
ing in Geneva this summer, as we did last sumimer,
ress and problems in seismic verification,

In conclusion, Mr. Chairman, the United States remains committed to the goal
of an adequately verified comprehensive test ban and we are actively pursuing
solutions to the problems of verification, both through our technical research
and at the negotiating table at the CCD.

in our working paper on prog-

STATEMENT BY AMBASSADOR MARTIN TABLING U.S. WORKING PAVER ON SEISMIC
VERIFICATION AT CCD, Avaust 24, 1972

Bulgarian delegation hopes that all countries of the world will send positive
and comprehensive replies to the Secretary General of the United Nations in ne-
cordance with the requirements of Resolution 2833 (XXVI), and that preparatory
work for a WDC will start very soon.

Mr. MarTIN [United States of Ameriea]. I would first like to take great
pleasure in joining the previous speakers in welcoming Lord Chalfont to our
meeting. He has contributed so much to the work of the committee in the past,

Also before beginning my prepared statement, I would like to say that I h
listened very attentively to the statement of our colleague fr
Nisibori, who spoke on the same subject as my own today. 1
wish to study Mr. Nisibori's statement with very great care.

I will now begin my prepared statement,

During this summer session there have been a number of
addressed to the subject of the comprehensive test ban (CTB), M

nve
om Japan. Mr.
am sure that we will

interventions
any speakers

have characterized this issue as the most important one before this Conference.

Mr. Ignatieff, the representative of Canada, emphasized among other points
the importance of the CTR as a limitation on future military developments, Mrs,
Myrdal, the representative of Sweden, who with patience and persistent effort has

stimulated our discussion of this subjeet, once again has raised important ques-
tions on several aspects of a CTH, Secretary General Waldheim. in his opening
address, emphasized that the CTB would play a major role in furthering the
eaunse of nonproliferation, a view with which we fully agree. Although we cannot
agree with all the views that various speakers have expressed, we do agree
that a ("FRB is an extremely important measure.

Our position on the CTB is well known. Nevertheless, we believe it is timely
once more to restate it and the rationale behind it. We welcome the questions
which have been addressed to ns and are happy to pre
we are able,

In essence the U.S. Government supports the achievement of a CTB treaty
which is adequately verified. What constitutes adequate verifieation, however,
has been and continues to be the fundamental point of -difference between ns
and many other delegations, including the Soviet Union. 1 will return to this
later.

I would first like to consider the questions raised by Mrs, Myrdal, She asked,
in effect, if there were nuclear test requirements for new strategic deterrent
wedpons such as the Trident submarine and the B-1 bomber which were prevent-
ing the United States from accepting a ban on underground nuclear wenpons
tests at this time, The answer to this question is “No." 1t has been the consistent
policy of the U8, Government to support the conclusion of a CTH in an adequately
verifinble agreement,

Mrs. Myrdal's question brings to the forefront one of the important aspects of
nuclear weapon testing as it relates to a comprehensive test ban, One of the basic
reasons for testing is to make a total weapon stemt as effective as pos<ible for
achieving its military objectives. Some nucle weapon tests are thus directed
toward the development of a nuclear warhead whieh, in combination with the
nounnclear characteristics of a particular weapon svsten, will maximize the
military effectiveness of the entire svstem

The United States is prepared to give up the advantages derived from nuclear
weapon testing only if we ean be assured that other treaty partuers are abiding
by the same restrictions. If one party to a CTR aceepted this restriction while
another party, by means of clandestine testing, continued to improve the military

wide answers to the extent
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effectiveness of its systems, this could in time lead to an adverse effect on
strategic stability. Even if all parties to a treaty abided fully by all treaty pro-
visions, a lack of adequate verification capabilities could foster uncertainties
wbout whether other nuclear powers were actually complying with the treaty in
all respects, Such uncertainties could, under some circumstances, lead to strategic
and political instability because of the efforts that one nation might make to
hedge against unknown but feared developments elsewhere, One of the objectives
of arms limitations, I am sure we would all agree, is increased stability, not
additional instability.

The thought has been expressed many times that the nuclear weapon develop-
ments that might be attempted clandestinely under a CTB verified by national
means would have only minor technical and military significance, We must take
exception to this. Nuelear weapon tests at relatively low yields can be of military
significance for strategic weapon systems. In addition they can be significant for
tactical nuclear weapon systems. Unfortunately, the restrictions of military
security hamper a detailed disenssion of this important consideration. However,
I wish to note the annual report of the U8, Atowie Energy Commission, which
states that over half of the listed nueclear weapon tests carried out by the United
States are in the low-yvield category; that is, with explosion yields of less than
20 kt. Tests at such yields ean therefore be significant for the development of
strategic and tactical nuclear weapon systems,

At this point it is appropriate to turn to the aspect of this subject which has
tdominated our discussion of a CTB—the detection and identification of seismic
events. Mr, Ignatieff and Mrs, Myrdal have both expressed an interest in a status
report on the use of large seismic arrays for the detection and identification of
seismic events, Today I would like to introduce a working paper dealing with
current progress and problems in seismic verifi ion. This paper reviews the
progress made toward attaining the research objectives outlined in the U.8, work-
ing paper of June 1971, In today’s working paper we describe the current status
of the use of large seismic arrays for seismie identification, and the current status
of research in other important aspects of the seismic veritication problem. The
paper also discusses onur plans regarding future research directed toward resolv-
ing some of the important problems that still remain, Let me deseribe in lay-
man's language the principal features of this rather technical paper.

Section I reviews our assessment of the detection capabilities of the large
seismic arrays and the status of the research in the United States related to very
long-period seismometers and their capabilities. In the past year two significant
developments have oceurred. With regard to short-period arrays, there has been
at LASA an important improvement in the fechniques for auntomatically detecting
events, redueing the threshold for the antomatic detection of events almost to the
limit for this array. Second, high-quality data from the full NORSAR array have
provided a means of estimating the ultimate threshold for the detection of P-
waves by that array. The development of auntomatic detection methods for
NORSAR is now underway, With respect to the long-period arrays, sufticient
data have now been obiained to estimate their detection thresholds in certain
areas.

For example, preliminary analysis indicates that LASA and NORSAR can
detect Rayleigh waves from Kuarile-Kamehtka earthquakes of about surface-
wave magnitude 3.1 and 3.0, respectively, whereas ALI’A can detect Rayleigh
wiaves on events of about surface-wave magnitude 2.6 from this area. During
the next year, studies of other earthquake zones are planned. Perhaps more im-
portant, high-quality data from all these arrays and from the very long-period
experiment stations have become available for documentation of the capabilities
and limitations of identification criteria at low magnitude.

Seven stations of the very long-period experiment have been operating during
the pas=t year and three others are nearing completion. The very long-period ex-
periment has demonstrated that high-gain instroments can be installed in such a
manner that their capabilities are restricted only by seismic noise. It has also
desnenstrated that careful installation of instruments ean significantly lessen the
levels of sneh noise. Resalts from the very long-period experiment suggest that,
rather than using data at periods of only 20 to 40 seconds, data from as broad a
band as possible, extending from about 10 to 50 seconds, should be employed. We
have seen that the eapabilities attained at the prototype very long-period experi-
ment station are attainable at other sites, Although we are only now attaining
the technical capability of analyzing these data fully, initial analysis supports
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the concept of the general llllplit'llhiylii_\‘ to earthquakes of the eriterion based
upon the relationship between the magnitudes of surface and body waves. But
we must always keep in mind the existence of oceasional anomalons events, which
I will discuss next,

Section 1T of the working paper reviews several important remaining prob-
lems in seismie verification. First is the problem of some anomalous earthquakes
which, for reasons not clearly understood, generate seismie signals whose char-
acter is not distinguishable from explosions by the eriterion based on the ratio
of surface-to-body-wave magnitudes, Although these events oceur occasionally at
body-wave magnitudes above 5.0, their number increases substantially at lower
magnitudes, Our working paper presents a compilation of information on this
phenomenon. We can conclude that, for events in the Tibetan-Himalayan region,
the eriterion based on the ratio between surface-and-body-wave magnitudes will
not by itself positively identify explosions smaller than about body-wave mag-
nitude 5.0.

It should be noted that, although the compilation was done for seismic events
in one particular region, such events have 1 noted on some oceasions to occur
in some other regions as well, Continning research may permit us to understand
the cansative mechanism of such events and place limits on where they may
ocenr in some other regions as well. Continuing research may permit us to
understand the causative mechanism of such events and place limits on where
they may occur in the future; we may also be able to derive other criteria for
the proper classifieation of such events.

A second important problem is that posed by the interference of long-period
signals from two or more diserete seismie events, In some cases the interference
of the signals can be so severe that any extraction of useful information of the
later-arriving signal i almost impossible. In this case it would not be possible
to employ a eriterion based on surface waves for identification. In other cases
and with ecertain techniques, the problem becomes more manageable, It is pos-
sible in such cases to separate the interfering surface waves of the two seismic
signals, thus allowing use of a criterion based on the relationship between the
magnitude of surface and body waves, In the working paper a detailed descrip-
tion is given of the use of arrays and of analytical techniques of separating
mixed events. In the examples studied, the number of mixed events which could
not be effectively separated was reduced to 6 percent of the original number.
PPossible approaches which may enable an even greater hmprovement are de
seribed,

A third problem is that posed by technically possible evasion technigues. The
working paper contains (1) a table summarizing the known techniques avail-
able to clandestine testing, (2) the estimated yield limits for such testing in
the context of detection capabilities of stations remote from the event, and
(3) the constrains on the tester. One of the principal objectives of the U.8.
research program is to devise measures which ean be incorporated into seismie
verifieation schemes in order to detect and thereby deter attempts at imple-
menting techniques for clandestine testing.

Section 111 discusses some of the approaches to research suggested by the
problems discussed in section I1. Of these approaches 1 would like to single out
jnst one which werits partienlar attention. This is a cooperative multinational
project which has recently been undertaken under the aegis of the Lincoln
Lahoratory of the Massachusetts Institute of Technology. Participating groups
are in Canada, Sweden, Norway, the United Kingdom and the United States.

This study will seek to achieve for a specified time interval a compilation of
basic seismic data for nearly all seismic events in the Northern Hemisphere of
body-wave magnitude 4.0 and greater. The number of potential events being
considered is about 5,000,

For the first time we will be in a position to acenmulate a single list of events
which will form a common and agreed data base for comparative studies, The
study will seek to answer a number of scientific and operational questions re-
lated to detection and diserimination by using all available seismic data. With-
out such a comprehensive study it has not been possible to evaluate or prediet
network performance,

The rest of this section of the working paper discusses future communications
systems and data analyvsis, seismie instromentation, study of improved seismie
networks, and counterevasion research.
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Our seismic research effort has not been restricted to teleseismic means.
Research is continuing on the feasibility and the problems of developing tamper-
resistant, tamper-indicating low-maintenance, unattended seismic observatories
involving minimum intrusiveness. Our study includes an analysis of the vul-
nerabilities of these observatories to possible evasion by the host country, and
an analysis of their possible effectiveness for improving identification. On the
basis of our research to date we believe that unattended seismic observatories
can be a useful addition to verification capabilities, though they are not the
equivalent of onsite inspections.

I feel this would be an appropriate opportunity to comment on one of the
issues raised by the representative of Canada, Mr. Ignatieff. He requested
further information on the use of techniques based on the relationship between
the magnitudes of surface and body waves in order to distinguish earthquakes
from explosions. Summarizing, we have concluded from our research that we
understand how to identify by teleseismic techniques about 90 percent of earth-
quakes down to those having a body-wave magnitude of 45; we also recognize
that there are events which cannot be identified with eurrent diseriminants. In
principle—and this is most important—seismic diserimination by the surface-
body-wave magnitude eriterion of about % percent of earthquakes down to
body-wave magnitude 4.0 appears feasible. However, more work still needs to be
done to determine precisely what seismic capabilities will be achievable.

I wonld like now to turn to another of Mrs. Myrdal's questions. She asked
for technical details of, and the observational basis for, the congressional testi-
mony given last summer by Dr. Carl Walske of the U.8. Department of Defense.
In that testimony he said that in the Soviet Union there would annually be
about three unidentified seismic events above body-wave magnitude 4.5, and
about 25 unidentified events above body-wave magnitude 4.0. The estimated 25
unidentified events constitute about 10 percent of the annual number of seismic
events in the Soviet Union at bodywave magnitude 4.0 and above as determined
by teleseismic means, These will consist primarily of mixed events and anomalous
events such as are discussed in our working paper. The paper suggests that un-
identifiable mixed events alone account for about G percent of total detected
events, However, this fignre is based on a limited set of events. It may well be
that the percentage of mixed events will increase when all events of body-wave
magnitude 4.0 or greater are investigated. The 6 percent figure also does not
include anomalous events in the Soviet Union or other factors such as instru-
ment malfunction, Therefore the 10 percent estimate for teleseismic identifica-
tion eriteria is a fair assessment of the problem. Since it has been estimated that
about 250 events oecur each year in the Soviet Union at magnitudes of 4.0 and
above, this leads to the estimate of 25 unidentified events in this magnitude
range cited by Dr. Walske. The importance of these numbers is, of course, that
they represent a not insignificant set of seismic events which cannot be un-
equivocally established as earthquakes and thus potentially could be under-
ground explosions. This set of unidentified events forms a natural background
of ambiguous events which ecould give eause for concern.

Mrs. Myrdal has asked us to define what we mean by adequate verifieation.
We do not believe that, as has been assumed in some theoretical studies, this
question can be addressed in simple numerieal terms, We consider adequate
verification as that which would reduce to an acceptable level the risk that
clandestine test programs of military significance could be conducted under a
CTHB. In the last analysis, a determination of what constitutes adequate verifiea-
tion ean only be made on the basgis of n eareful assessment of all of the eurrent
and potentinl risks agninst the eurrent and potential availability of the means
for deterring and, if necessary, discovering attempts to conduct testing clandes-
tinely. We must assmue that any party seeking to violate n UTB by clandestine
testing wonld take sophistieated precautions in order to minimize the seismic
signals or explogionlike characteristics of its tests. Or, to put it another way,
such a party wonld seek to make the explosions look seismically more like earth-
quakes, Some of these technigues have been discussed in the 1968 SIPRI report
and were also discussed in the last COTB experts meeting. We have to face the
fact that, if only national systems are used, even with advanced seismological
techniques, there will still be a substantial number of nnidentified or ambignons
natural seismic events. These could ‘provide a background against which some
number of clandestine nuclear tests could be hidden. On the basis of seismic
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nts. Onsite inspections, however, could provide just such a method—and it is
in fact the only method that we know which conld identify the nuclear character
of some siie events, Thus, onsite inspections ean be useful in helping to deter
i country from condncting prohibited tests by increasing the chance that any
significant violations will be discovered. This, in turn, will increase the prob-
ability that clandestine testing will not be judged to be worth the risk. We regard
this increase in verification eapability as necessary.

An additional aspect of the verification problem is found in the difficult issue
of how peaceful nuclear explosions could be accommodated within n CTBE while
simultaneously insuring that such explosions will not be used for weapon devel-
opment. This problem arises from the fact that peaceful nuclear explosive devices
are inherently indistingunishable from devices suitable for military purposes.

I have commented today on varions issues and questions raised by the repre
sentatives of Sweden and Canada. We have also submitted a status report on the
progress of our large seismie array program, Togetl with this report we have
submitted a deseription of our current and planned research which we hope will
further our understanding and capabilities in the area of seismie verification, We
sincerely hope that our efforts will be helpful to the members of the Committee.

All delegations here have stressed the importance of a comprehensive test ban
as an arms-control measure, We share this view of its importance. All delega-
tions have also recognized that the question of verification is a vital issue., The
[United States has already expended a very great effort to build up and improve
verification capabilities, and, as the President of the United States has said on a
number of occasions, the United States will continue to support efforts to im-
prove worldwide seismological capabilities.

The CuaiRMay (Yugoslavia). On behalf of the Cochairman, T should like to
request that this morning’s official meeting be followed immediately by an un-
official meeting for the purpose of consulting the Committee with respect to the
questions raised at our last plenary session by the representatives of Canada and
Mexico,

The Committee agreed.

[ The meeting rose at 12 :50 p.m. )
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These paraméters are measurable, and may be used to determine the ultimate threshold of
an array. The first two parameters, measured in the frequency band of the P-wave
signals of interest, define the irreducible noise at the ocutput of the array, and hence
the amplitude of the minimum detectable P-wave signal. The third parameter is then
used to define the P-wave earth motion input required to produce the minimum detectable
signal at the array ocutput. This earth motion msy then be interpreted in terms of
earthquake magnitude.

The limiting threahold for LASA has been established for several years, and
reported in several publicationa of Lincoln Laboratory and the Beismic Data
Laboratory [Ref. 1, 2]. These studies indicate that the ultimate teleseismic detection
threshold of the LASA array is sbout m 3.5 (LASA magnitude) at the 50p confidence level.
Based on recently mecquired data from NURSAR, we may nov estimate that the ultimate
teleseismic detection threshold is about 4.1 (NORSAR magnitude) for that station at the
90k confidence level. Details of these estimatea are given in Table I.

Developing the capability to approach these ultimate detection thresholds by
sutomatic means has been one of the goals of the U.5. seismic research program. Last
year it was reported to the CCD that equipment for automatic event detection had
achieved a threshold of m, = 4.2 at the 90% confidence level for LASA. Since then,
improvements in the computer logic for recognizing earthquake signals has lowered this
threshold to m, = 3.9.

This threshold was verified by counting the mumber of earthguakes detected in
amall magnitude increments and observing the megnitude level at which the number of
detected events no longer increase as expected. Figure 1 shows the incremental
histograms of 4,884 seismic events sutomatically detected by LASA at diatances between
30° and B5°. The body vave magnitudes are those determined directly by LASA, which
agree closely with magnitudes reported by the U.S. Hotional Oceanic and Atmospheric
Administration. The general trend of increasing numbers of events detected as the
magnitude decreases continues from magnitude 6 down to magnitude 4, The rate of
increase drops sharply just below magnitude 4 as increasing mumbers of earthquakes
which are lmown from other evidence to occur are 1o longer detected by LASA. The

incremental histogram implies that 90% of the expected mumber of = 3.9 earthquakes
3 B q

are detected, confirming that thie is the current threshold for automatic event
detection at LASA.
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Figure 1, Number of detected events versus [LASA bodywave
magnitudes.
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Very Long Period Experiment
The Very Long Period Experiment has two principal objectives. The first is to
demonstrate that high gain instruments can be installed such that their performance ia
limited only by earth noise and to demonstrate that careful siting of the instruments

can markedly reduce the amount of earth noise. The second is to exploit the fact that
the instrument response was designed to be at o maximum where the earth noise level is
at a minimnm between 30 and 50 seconds (Figure 2). It was anticipated that this
favorable "window" for viewing surface waves from earthquakes and explosions would
reveal new characteristice that might supplement our previous experience at periods in
the vicinity of 20 seconds. Of particular importance was the hypothesis that there
might be a greater separation of the earthquake and explosion population on the

l"am'b plot than exists at 20 seconds.

Seven stations have been used extensively in recent studies. The seven existing
atations are listed in Table II, together with their geological settings. The base
noise levels for the vertical, North-South, and East-West horizontal componente at
20 seconds and 40 seconds with a passband of 0.013 Hz are shown in Table III. During
particularly noisy pericds, however, the noise levels can be an order of magnitude
greater than the base levels at 20 seconds due to microseismic storms. Base levels,
therefore, represent the quietest conditions at the stations recorded to date. The
locationa of the stations and their 30 area of coverage are shown in Figure 3.

The results indicate that careful design of seismometer, instrument container,
and vault has resulted in an instrument which is sufficiently insulated from the
environment that we can have confidence thct it is recording only ground movement.
This is an important achievement because full utilization has been made of the
instrument gain, as much as 100,000, at periods of 35 to 40 seconds. The equivalent
earthquake m detection capability of the first four stations built for various

selsmic areas of the world is shown in Figure 4. This figure indicates that these

four stations give an my 4.3-4.4 in the Kamchatka-Kurile region and an m 4.5 or less
capability in most areas investigated. An enhanced capability could be achieved by
more stations, possibly as small arrays, and by digital data processing.

The stability of the noise level at 40 seconds is apparently greater than that

at 20 seconds. This stems from the origin of the noise components at two periods,
that at 20 seconds being from microseisms and that at 40 seconds from local
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atmospheric perturbations. At depth these different origins might have greater
significance than at the surface since the microseisms do not decrease significantly
with depth but the atmospheric-induced component does, particalarly with respect to
the horizontal signals due to earth tilt. These horizontal components are especially
important for the detection of Love waves.

Based on results from a large ber of earthquakes and a relatively small
munmber of explosions it appears that no increase the average separation between

earthquakes and presumed explosions will be obtained by using M (40):m_instead of
P P b € Mg

b
(a2 :‘:Dh although the spread in M (40) values at a given m, appears to be less.

Azimithally-dependent epectral criteria have still to be investigated in detail. By

the utilization of deep boreholes advantage might possibly be taken of the suppression
of atmospheric-induced noigse with depth. This is an approach which will be pursued
further. Analysia of data cbtained under the Very Long Period Experiment program has
supported the concept of the general utility of the ﬁs::‘b criterion to earthquakes,
always keeping in mind the existence of anomalous events. We have seen that the
capabilities attained at the prototype station are attainable at other sites. We are
only

VLFE data.
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ion II

Important Hemmining Problems

Some detailed studies over the past year have attempted to provide quantitative
information on several problems which were discussed previously but for which no
precise data have been available. For instence, it was suggested in the U.5. Working
Paper last ysar that the !‘;ﬁin.l_ criterion for seist discrimination might fail
oceasionally, for reasons unknown. Such events, somstimes referred to as false
alarms, appear in the explosion population on the Mgimy, plot. Another question
unanswered previously was the extent and severity of the mixed event problem at low
magnitudes. This phenomenon has been investigated further and is reported in this
section. Finally, of contimuing concern is the poseibility of evasion. The current
U.5. research into possible clandestine testing teshniqués and research into ways

of deterring such teating is reviewed briefly.

Anomalous Events

A mumber of effective discriminant criteria may be successfully employed for
distinguishing between signals from earthquakes and explosions. One of those in
extensive use is a comparison of amplitudes of long-period surface waves and
amplitudes of short-period body waves; i.e., the so-called Mgimy, criterion. It is
intended to be applied to shallow focus (depth less than 60 kilometers) events. It
has been found that in most ceses such earthquakes have much higher Mg values for a
given mp value than do explosions.

For reasons not thoroughly understood at this time, some earthquakes are
inefficient generators of Rayleigh waves. These events, most of which appear to be
of shallow focus on the basis of the Preliminary Determination of Epicenters by
NOAA, give surface wave magnitudes that are so low that they are statistically
indistinguishable from explosions by the Mgim, criterion. Although these events
occur occasionally at magnitudes slightly above m,5, their mmbers increase
substantially at low magnitudes; this is largely because there are more seismic events
at low magnitude.

To document this phenomencn, a study was made of Mgimy characteristics of

earthquakes in a region comprising the eastern Himalayas and parts of Assam and Tibet.
This region wms chosen because there had been previous indications that anomalous

Rayleigh wave energy was associated with some seismic sources in the area.
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Fifty-three earthquakes occuwrring between 1963 and 1970 within the reglom,
bounded by latitudes 27°N and 34°N and longitudes 92°E and 100°E, were selected for
study. Epicentral characteristics are listed in Table IV. Stations whose data
contributed to the analysis were Shillong, Foona, and New Delhi, India; Kabul,
Afghanistan; Quetta and lahore, Pakistan; and Chiang Mai, Thailand. It was decided
not to obtain Rayleigh wave data from more distant stations although the proximity
to the seismic mone of the stations used could introduce some bias. All individual
atation magnitudes were normalized to the mean values from the network on large
events to minimize possibilities of biams when signals were detected at only a few
stations. =

Surface wave magnitudes were computed by three methods, using the Prague,
Marshall and Basham, and von Seggern formulas with only slight differences in the
resulta. The data presented in this paper are based solely on the method of
Marshall and Basham (including depth corrections) since this technique im gaining
wide acceptance.

The plot of Hu:m.b is given in Figure 5 for all events whose depth is estimated
to be less than 60 km. The shaded area encloses all explosion data for Central
Asia (Emstern Kazakhstan and Sinkiang) shown by Mareball and Basham [Ref.3].

The Myimy, plane in Figure 5 is divided into three parts by the lines

Mg = m,=1.0
Mg = mp=1.5

It will be obsexved that the Mg and my, values of the Marshall and Basham
explosion population lie below the line My = m-1.5. It should be understood that
the points which are plotted are subject to normal statistical error. Accordingly,

an event with mean M, and my, values which plots somewhat above the explosion zone

may, nevertheless, be statistically indistinguishable from an explosion by this
eriterion. Hegion I, above My = my-1, can be safely characterized as containing only
earthquakea. It is clear from Figure 5 that the values of Mgimy, for numerous
sarthquakes in this ares below about m,5.0 cannot be distinguished with confidence
from explosions. - The conclusion of this study is that for events of this area, the
Hgtm, oriterion by itself is not a positive identifier of explosions smaller than
o2p5.0, although it should be pointed out that an event as high as my5.5 was observed s
to lie within the explosion population. While the examples of anomalous events

given here are derived from a particular region, such events have been noted on some

ocoasions to oocur in some other regions as well (Ref.4).
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TABLE IV
Liat of Events

ORIGIN COORDINATES DEPTH GEOGRAFHICAL
TIME N,LAT. E.LONG KM fh E REGION

92.1 * 4.2 Assam, India

24 . hesam, India

1
Fa B | 4.7 Assam, India

46 s Bastern Tibet

* 4.5 Southern Tibet

hd Aot India~China Border
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
India-China Border
India-China Border
Yunnan Prov., China
Tibet
Burma-India Border
Burma-India Border
India~China Border
India~China Border
India~China Border
India~-China Border
India~China Border
Tibet
Tainghai Province, China
Tibet
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TABLE IV (contd.)

DATE ORIGIN  COORDINATES  DEPTH
MODAY YR _TIME  N.IAT. B.ING KM M

063068 5 410.0 30.2 94.8 42 Tibet

0701 68 311100 30.3 94.5 28 Tibet

07 04 68 6 45 58.0 30.3 94.9 Tibet

1368 6 554.2 30.3 94.6 * Tibet

14 68 18 12 41.0 30,3 94.8 22 Tibet

15 5 9 5.9 30.3 95.0 22 Tibet

16 22235 7.0 30.3 94.8 40 Tibet *

23 20 51 47.9 30.3  94.9 30 Tibet -

26 12 44 3.0 29.4 95.0 » : India~China Border
23 12 116.5 30,3 94.9 '# Tibet

24 14 26 7.4 30.0 95.1 56 Tibet

2568 1755 5.3 30.4 94.8 19 Tivet

29 19 51 24.6 30.2 95.1 * . Tibet"

oL 5 59.26.6 30.3  94.8 20 Tibet"

03 17 45 54.1 30.2  94.8 53 Tibet"

04 140 4.0 33.5 97.5 # ‘ Tginghai Province, China
11 3 732.0 30.3 94.9 38 * Tibet

15 715 37.0 30.2 95.0 # % © Dibet:

2469 2 1 9.3 30.6 ' 98,9 12 Tibet:

0870 19 7 30.0 3.1 93.5 * .05 Tibet

08 70 11 B 8.4 32.8 95.2 35 : Tibet

2470 043 1,9 28.9 95.6 * India~China Border

2828582882888 8%8

o7
o7
o7
o7
o7
o7
08
08
08
08
09
%
9
09
08
1
02
05
06

Depth constrained to 33 km.

Calculated according to the formula of Marshall and Basham (1971)
including depth correction. For those events with conatrained
depths, the depth correction was applied as if they were at

33 km. >
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REGION I EARTHOUAKE LIKE EVENTS
REGION II INTERMEDIATE EVENTS

REGION TIT EXPLOSION LIKE EVENTS

Figure 5,

3.50 4.50
mp

The mH‘valucs are from NOAA, The Mg values are calculated
i

according to the Marshall and Basham method with depth
corrections included., Earthquakes have calculated depths
60 km or less or have had depth constrained to 33 km.
Stippled area contains Marshall and Basham's observations
of explosions in eastern Kazakh and Sinkiang.
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The cause and geographical distribution of mnomalous sarthquakes are an
important field of research because it may assist in defining the axtent of the
problem. Figure 6 shows each event plotted and symbolized tc indicate to which

of the three populations in Figure 5 it belongs. A striking feature of the

distribution is the concentration of explosion-like Mgim, values centered at about

30°F and 95°E. Furthermore, the events in question occurred mainly in one sequence
which ocourred from June to September 1968. Two other clear regions characterized
by low M, values relative to mp values can be distinguished. One is the frontal
region of the Himalayas, also described by Marshall and Basham, which shows such
anomalous evente intermingled with normal earthquakes. The other occupies the
eastern end of Assam and the north-south trending mountain ranges which join the
Himelayss and extend south toward Burma. The obeerved magnitude characteristios
would thus appear to correlate with geological features.

Perhaps continuing research will permit us to understand the causative
mechanisms of such events and place limits on where they may occur in the future.
The importance of other criteria for achieving proper classification of anomalous
events is clearly indicated. Perhaps the most promising of those under development
for events of my5 and smaller involves the determination of focal depth with greater
accuracy and more confidence than has heretofore been possible. These methods are
basically refinements of the classical ones which use surface reflections, calibrated
travel times of P waves and calibrated travel times of other phases (especially S
where suitable stations exist or can be established within a few degrees of the
source). Research on these and other methuds may hopefully {ind a variety of
solutions to the problem posed by events which are inefficient generators of surface
waves.

Interfering long-Period Signals or Mixed Events

Because of their relatively long time duration, a number of surface wave trains

from different seismic cvents will overlap. Ir some cases the resulting interference
will be so severe as to make any extraction of useful information relating to the
later arrival impossitle. In other cases, and with certain techniques, the problem
is more tractable and allows the interfering wave trains to be separated. It should
be pointed out that many earthquakes with mixed surface waves can be identified as
earthquakes by a variety of other technigues, among which are establishing depth of
focus and location by use of short-period data.

There are three distinct circumstances in which interference may occur, each
causing different degrees of difficulty in effecting separation of the component
events. The first is when signals from two events of approximately the same




North Latitude

BHUTAN | *®

b

|
94° 96°
East Longitude

Earthquake like events (Mg>mp—1.0) (Region I of Figure 8)

Events intermediate between Explosion like and

Earthquake like (mp—1.5<Mg<m,—1.0) (Region II of Figure 8)

O  Explosion like events (Mg<mp-1.5) (Region I of Figure 8)

Figure 6. Geographical distribution of various Ms - mp types.
Ms - mp values were corrected for mean station
magnitude differences prior to averaging. Marshall
and Basham's method was used in the Mg calculations.,
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magnitude from different locations arrive similtaneously at a seismic station. The
second is when signals originate from two discrete but nearly co-located events
having roughly the same origin time, and the third is when a small event is mixed in
the coda of a much larger earthquake.

As an illustration of the extent of the problem, Table V shows the percentage
of mixed events at six single stations providing data for the Very long Period
Experiment. Expected signal arrival times at the stations for Burasian evente were
calculated from origin times and locations given by a combined list of NOAA
(including WWSsN), IASA, and NORSAR epicenters. The data were collected between
Jamuary 1, 1972 and February 20, 1972. A total of 155 signal sources within
Burasia are the data base for the study. On the average, mbout 16 per cent of the
total possible single station observations showed interfering signals. An interfering
eignal in this context is teken to be one which, from visual inspection of actual
seismic records, liee within the wave train of an event preceding it in time on the
record to such an extent that no reliable information on amplitude or spectral ocontent
cay be obtained from the combined waveform. Proximity to seismic areas causes
eome variation in this percentege. For example, Chiang Mai and Charters Towers
both had a higher than aversge number of mixed events.

TABLE V
PERCENTAGE OF MIXED EVENTS AT
SINGLE STATIONS OF
THE VERY LONG PERIOD EXPERIMENT

No. of Events Recorded Percent Mixed
During Study at Single Station

Charters Towers, Australia 154 19
Fairbanks, Alaska, USA 153y 14
Konigsberg, Norway 154 14
Ogdensberg, New Jersey, USA 154 16
Toledo, Spain 133%/ 12

Chiang Mai, Thailand 1%/ 22

*/  in operation during only part of the period of the study.
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The effect of a group of VLPE stations acting as a network is shown in Table VI.
Since all the stations were not operable over the entire period of the study, results
are givem when 4, 5, or 6 of the atations were taken together as a network.

The tabulation shows that only in 92 out of 155 events was there no interference
at all, but that the mmber of mixed events for which signals were obscured at all
stations of the network was reduced as the number of stations in the detecting
network wvas increased. Distribution of the totally mixed events as a function of
magnitude was as follows:

TABLE VII
Magni tude 4.0 oy 4.0 to 5.0 mp> 5.0

Number of events for 3 B
which all stations in
network recorded mixed
signals
Number of events 41 99 15
in population
The largest of eight mixed events noted above occurred simultaneously with an mp 5.0
event some 600-700 km away, so that the arrival times of the two were nearly the same
at all stations. The signals from three intermediate magnitude events were mixed
with large signals from my '5.5 events not ocourring within Purasia. Signals from
the three low magnitude events were masked by either the signal or the codc from
cvents outside Purasia of magnitudes greater than my 4.5.

The above discuseion centered upon the reduction of the mixed event population
by the use of a geographically distributed network. Beamforming capabilities of an

array can also be used as an effective means of sepemti.ﬁg mixed events. In

particular, the frequency-wave mumber analysis technique has proved most effective.
Frequency-wave number (f-k) analysis is fundamentally beamforming in the

frequency domain. The method takes advantage of the fact that signal-to-noise ratio
is frequency dependent; therefore, beamforming is performed frequency by frequency.
Since frequency-domain array analysis procedures are computationally faster than
their time domain equivalents, many beams can be examined rapidly. In practice this
means that the azimuth and velocity of a signal need not be assumed; one merely
accepts the beam with the maximum power. The position of this maximum in the wave-
number domain defines the azimuth and velocity of the signal, its amplitude being a
function of ground motion amplitude and hence related to the seismic magnitude. A
typical representation of a wavemumber spectrum at a period of 18.3 seconds is showm
in Figure 7 (A). A large coherent signal from the northeast causes a power peak in




51

the vavenumber plane at a point corresponding to its a®imuth and velocity, the
velocity being inversely proportional to the distance from the origin of the
wavenumber co-ordinates. The same wavenumber spectrum is shown in relief in
Figure 7 (B).

The capability of f-k analysis to separate interfering signals is illustrated
by comparing Figures 7 and 8. In Figures 7 (A) and 7 (B), = suspected small sigmal
coming from the scuth is completely dominated by the large signal. However, the
f-k technique allows us to remove the main peak along with itas associated sidelobe
and, thereby, bring out the smaller signal as shown in Figures 8 (A) and 8 (B).

The analysis is, of course, done entirely by the computer and these illustretiona
merely give a visual representation of the results of the data procesaing.

The technique will allow the measurement of the magnitude of interfering events
provided that the signals are less than a seismic magnitude apart in energy and the
azimthal separation is greater than 20°. Since the analysis is done in the
frequency domain, in principle the spectral content can be preserved and spectral
discriminants still utilized. In practice, however, some degradation of spectral
information will probably cccur. This is a subject of current research.

The utility of the f-k analysis technique for the separation of mixed events was
tested in two recent studies. In the firet, conducted from May 1, 1971 to
Jenvary 23, 1972, signals from earthquake sources in the Kurile Islands were
recorded at IASA (77 events) and NORSAR (74 events). In the second, 94 events were
recorded at LASA, NORSAR, and ALPA from Fehruary 20, 1972 to March 1, 1972. The
number of events mixed before f-k processing was applied, and after it had been
applied, are shown for each axrray in Table VIII. Also shown is the effective
reduction by the use of more than one arrey as a network in a similar fashion to the
VLPE study. Arrey processing brings the mixed event population down to about
20 per cent and f-k analysis techniques improve the situation to just below 10 per cent.
The use of multiple arrays reduces the mmber still further to about 6 per cent.

The residual mixed events are due to nearby co-located events or very large events
with long codas.

The problem of a small seismic event being mixed in the coda of a very large
earthquake might be slleviated by the use of a network of high semsitivity broadband
instruments close to the seismic zomes. Vhile the coda energy from a large
earthquake tends to be omni-directional, it alsc tends to be concentrated at periods
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Figure 7., Frequency wavenumber reRresentation of two interfering
signals. The wavenumber plane is shown on the left and a relief
version is shown on the right,
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Figure 8, Case shown above with dominant signal removed thereby
enhancing the small signal, The right hand illustration is a
relief version of the wavenumber plane shown on the left,
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of 18-20 seconds and longer. Hy contrest, the signals from a nearby event tend to
still retain shorter periods around the 12-14 second range. Broadband instrumentation
coupled with digital equipmemt, both to utilize the inherent dypamic range and to
perform adaptive filtering, might be useful in sepamating signals in the {requency
domain.

Some possibilities open up, therefore, for mitigating the mixed event problem
by a combination of amall high quality long-period arrays for arrey processing
separation and high gain broadband instruments close to seismic mones. Although it
might be anticipated that this approach to a network will reduce the reaidual long-
period non-detections, it is conceded that the separation of residusl mixed events,
particularly from co-located or very large events, remains u significant problem
which may impose a limitation on long-period seismic detection in areas of interest

for monitoring a test ban.

EVASION

There are inherent limitations to verification systems which mean that nuclear
testing at sowe level can be carried out without seismic detection and identification.
Recent work described in the previous two sections highlighted some of these problems.
Even though further research may reduce the number of anomalous events, there are
likely to be some events each year whose source identity cannot be determined by
teleseismic means. We have also seen that there is alvays likely to be some residuum
of overlapping events whose signals interfere to such an extent that they cannot be
separated and identified teleseismically. There may even be & few occasions per year
vhen the world's seismometers, both long and ahort period, may be rendered largely
useless for verification purposes by a very large earthquake. These inescapable
ocourrences of patural phenomena continue to be a cause of concern because they could
conceivably offer a potential violator of a comprehensive test ban additional
opportunities to test without detection, let alone identification. It should be
pointed out that the extent to which clandestine testing might be possible depends
on the capability of the monitoring facilities available.

Our program of evasion research is oriented to understanding the potential
techniques that could be used for clandestine testing in order to develop approaches
that can improve the deterrence against such testing. Most U.S. research to date
on this problem has focused on obtaining a better understanding of seismic coupling,
yield/magnitude relationships as a funetion of rock type, and methods which might
be used to decouple seismic energy. Ve have also been conducting theoretical studies




concerned with the so-called "multiple explosion" technique. In our studies, the

similated explosions are sequenced so that in the composite seismogram the short-

period body waves are reduced (depressing =) and the long-periocd surface waves are

reinforced (increasing Mg). The result is an earthquake-like signal, both in
general appearance, and in Mgim, ratio. Thus far, "identification" of the "event"
as a multiple explosion using accepted diagnostic aids and discriminants has not been
possible.

Another series of studies are underway to evaluate the likelihood of detecting
and identifying the seismic signal from an explosion hidden in the signal from either
a nearby earthquake or a distant large earthquake and its aftershocks. The detection
problem is, in effect, similar to that already discusesed for mixed events, and the
present inability to separate certain events mekes this evasion technique a subject
for particular attention.

The emphasis of our current research is being directed toward determining the
capabilities and limitations of seismic techniques that may be used to foil the
earthquake-similation and hide-in-earthquake evasion technique.

Table IX summarizes current information on evasion potential. It suggests
estimated yield limits for various evasion techniques which are considered
technically feasible. Despite known constraints on the tester, including yield
limitations, high cost, and the possibility of detection, we cannot be confident
that they will suffice to deter a potential evader. It, therefore, seems important

to improve the seismic means for detecting such testa.
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Section III

Future Research

The problems discussed in Section IT suggest some promising avemues of further
inguiry that should assist in their solution. For example, our inadequate data base
for events of low magnitude for many of the seismic areas of the world can be rectified
by the deployment of higher quality seismic stations with higher gains in quiet sites.
Additionally, as more low magnitude events become detectable, the problem of handling
more high-quality digital data will present a task of major proportions in data
Processing and system management, FPinally, increased knmowledge about evasion
techniques may suggest ways to deter clandestine testing; countermeasures to evasion
should be actively pursued. This section seeks to cutline some of the new approaches
to research suggested by the unresolved problems in seismic verification.

A Mnlti-Netional Seismic Cooperation Study

At the present time we do not know with any degree of confidence how many seismic
events there are in every area of the world above magnitude 4.0. To address this
problem & cooperative multi-national project has recently been undertaken under the
aegis of the Lincoln laboratory of the Massachusetts Institute of Technology. It
utilizes the detection logs, rather than the more conservative seismic bulletins of
the participating groups, and will seek to answer a number of scientific and cperational
queations related to detection and discrimination by using all available seismic data.

Data Tecorded for a period of one month, 20 Febrmuary to 19 March 1972, has been
selected for this extensive study with participating groups in Canada, Sweden, Norway,
the TUnited Kingdom and the United States. In addition, the analog records of all
other groups submitting data to the US National Oceanic and Atmospheric Administration
have been incorporated in the data base. Finally, a list of events from non-seismic
regions, or which for some reason cause difficulties with some discriminants, and other
recent special events of particular interest, is being compiled for study by the various
groups., The mumber of potential events being considered is about 5,000 although the
process of event authentication promises to reduce this figure to under 1,500. Event
authentication means that detection of an event is made by at least three WWSSN stations
or one detection at a local standard station corroborating the same detection by an

array.
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Although the work is only in its initial phase, it is hoped that the final
bulletin will contain very nearly all events in the Northern Hemisphere of oy 4.0 and
greater and that by using modern data acquisition systems and computer techniques for
data integration and manipulation such a capability might be achieved routinely. Of
course, some events smaller than my, 4.0 will be detected too but not with sufficient
reliability to be useful. Another parameter which requires evaluation is a more
precise estimate of Lhe mumber of times small events are masked by occasional very
large events.

Data already compiled have included bulletins from the US National Oceanic and
Atwmospheric Administration, NORSAR and IASA; detection logs from NORSAR, LASA,
Yellowimife, Hagfors, and Warramunga; arrival times and amplitude measurements for
Warremumnga, Guaribidinaur, Canadian network stations, and other measurements reported
to NOAA, Film records of selected WWSSN stations will also be utilized and every
attempt will be made to reprocess array data for poaaible eventa not originally
reported by the arrays. For the first time we will be in a position to acoumulate
& pingle list of events which will form a common and agreed data base for comparative
studies, almost an impossibility up to thia time.

It is anticipated that the work will be completed by October, 1972 at which time
the results will be distributed by Lincoln laboratory to all participants and other
interested workers.

Future Communications Syetems and Data Analysis
One of the important issues which was mentioned in our earlier paper (CCD 330)

was that optimum verification system performsnce requires a good deal of operating
experience before it is actually achieved, and is crucially dependent on the quality
of system management. Preliminary results of the wulti-national cooperative experiment

is revealing that there are likely to be as many as twenty thousand eventa above o, 4.0

per year. This will pose a data management and processing problem of ma jor proportions.
The approach to this problem which the US is now undertaking will have three facets.

First, each high quality station or array will have a comprehensive signal proceasing

aystem including techniques for maximizing signal-to-noise ratiocs for various wave

types, azimuthe, and frequency bands; automatic event detection; signal editing and

storage; and a means of reprocessing data on request.
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Second, there should be regular but not necessarily real time transmission of
processed data from the individual station to an analysis center or centers. Modern
satellite communication systems, already in existence and comrarcially available at
economic rates, have made commmnications on a worldwide basis simple in principle.

A map of current ground stations and the three COMSAT satellites is shown in Figure 9.
They poesess the unique advantage in a worldwide seismic monitoring context that the
data would be available to all who would wish to use it, the only requirement being a
link to a satellite commmnications ground station. Simple though the concepts may be,
many details must be investigated. These include data format; the means of
interfacing with the satellite link; data rate, including trade offs between contimous
low rate and short bursts of high rate transmission of accummlated data; and sufficient
two-way tranamission to permit data to be extracted from as well as deposited in the
data bank.

Third, consideration will have to be given to the functions of the data bank and
central data analysis centers. The important seismic parameters for an operating
system will have to be specified, sueh as location, time of origin, depth, magnitudes,
spectral data and other possible discriminant material, and improved means for computing
them will have to be developed to handle the great mmbers nf events which ocour
worldwide. The development of the recently operational network of interacting
computers - called the ARPANET - encourages us to explore these possibilities without
being limited by computers. This net provides high quality remote access to a
mmber of large special and general purpose computers in the United States. The
Seismic Array Analysis Center (s.uc') in Alexandria, Virginia, is linked to this net,
and this provides the Center with the capability of utilizing the largest and most
sophisticated computing facilities available. A further development which promises
to be more valuable from the point of view of a data bank is a mass storage device
having a capacity of approximately 1013 bits of data. Thig is adequate to store the
unedited data from 25 nine-element long period arrays operating for approximately
three years.

Seismic Instrumentation

The results of recent research make it important to review our current thinking
on seismic instrumentation. The results cbtained from the Very long Period Experiment
seem to indicate that rather than restricting analysis to periods of 20 or 40 seconds,
it seems much more profitable to use as broadband data as possible. An extension of
the pass band of long-period instruments is indicated by the fact that earthquakes
ocourring within 20* have a richer frequency spectrum in the region of 12-14 seconds
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than at greater distances. There is a prospect, therefore, of seeing relatively short
range earthquakes againet the background of the coda from a large earthgquake whose
dominant period is likely to be of the order of 20 seconds, These facts combine to
suggest that in future research we should record broadband from about 10 to 50 seconds.

Recent research has been devoted to develop a relisble broadband instrument.
Hitherto, analog recording has precluded the realization of the potential of the
broadband instrument since instrument band passes were designed to eliminate peismic
noise, specifically at the 6~second and 18-second microseismic peaks. With the
introduction of digital recording, the large dynamic range can be exploited and the
prewhitening of the noise by analog filtering avoided.

An instrument with a good rxesponse curve from periods of one second to d.c. has
been constructed. This essentially means that this instrument, with digital recording,
and perhaps notched filtering to remove the 6-second microseismic peak, has the
potential of obtaining data presently obtained by both long and short-period instruments.
The instrument can be packaged in & way that it contains its own temperature and
preecsure environment and, in addition, is small enough for use in a T-inch diameter
borehole, This latter feature is of considerable importance because it opens up
the attractive possibility of economically deploying instruments below the zone of
locally-generated atmospherically-induced earth noise. The horizontal components of

the long period (t = 20 seconds) earth HdiSe dre particularly sensitive to deep
burial, and it is the noise in these components which at surface sites severely
inhibite the detection of potentially usefu! love vaves. The noise is not only high
in these components at the surfece but is highly unatable due to storms and diurnal
changes due to atmospheric loading causing earth tilt. Love waves have been less
investigated for this reason.

The instrument and other similar new developments are currently being evaluated
at the Tonto Forest Observatory alongside more conventional long-period instrumenta
n purface vaults. A borehole experiment will be undertaken to establish the
advantages to be gained operationally from the deployment of this seismometer at
depths up to 5,000 feet, particularly to explore the utility of Love wave data as a
factor in seismic discrimination.

Improved Seismic Research Networks

Studies of identification criteria which have been conducted to date reveal

deficiencies in the data base available for research. For example, the previously

described events in Asia having low m ratios are so remote from the large arrays

and from all tut one of the stations of the Very Long Period Experiment that only
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Senator Muskie, Thank you, Mr. Farley, and vour full statement
will be included in the record.

I would like to ask two or three preliminary questions and give it
back and forth to Senator ('ase.

ARGUMENT CONCERNING MUTUAL MORATORIUM'S LACK OF SAFEGUARDS

First of all, yvou make a comment on the first recommendation of
Senate Resolution 67, a mutual moratorium. and you make the point
that such a moratorium wonld necessarily lack many of the safeguards
of a formal international agreement,

Well, that same argument could have been used against the mora-
torium of 1962 ; could it not ?

Mr. Fartey. I believe there is some difference here. As [ have stressed
in my statement, we are currently in a situation where there is very
clear eut and sharp differences as to an essential element of any com-
prehensive test ban—verification provisions. We just don’t have a
common basis on which to proceed on a moratorium. I believe we were
in a somewhat better situation in the earlier oceasion.

Senator Case. Why, because it could be detected in the atmosphere ¢

My, Faruey, Well, that was one principal reason, and the other was
that there was a better focus as to what negotiations we were going to
attempt to achieve by the limited test ban.

Senator Muskie. There's one issue involved here, That's verification.
You mean you have to have agreement in advance of negotiations as
to how you're going to resolve that issue before you begin negotiations
for an agreement?

Mr. Farery. Given the very sharp difference in the Soviet position
that nothing beyond national means is required, the moratorium would
be in effect to accept de facto the Soviet position and suspend the tests
with nothing beyond national means of verification, and from that
base we could then start to negotiate an additional requirement to sup-
plementary onsite inspections.
~ Senator Muskie. Their position is no more immovable than ours:
1s it ¢

Mr. Farcey. If we had a genuine negotiation we would find the
answer to that question. '

HOW M) WE BEGIN GENUINE NEGOTIATION %

Senator Muskie, How do we begin a genunine negotiation ?

Mr, Farvey, What we attempt every year in the Geneva Conference
and also in the New York discussion as well as in the Committee of
Experts, to which I referred, to see if we can find some ground on
which we ean begin gennine negotiations. '

Senator Muskie, Doesn’t someone have to take an initiative in order
to get into a genuine negotiation ?

Mr. Farrey. 1 think to have a genuine negotiation there has to be
an interest in finding a solution, a real solution, on both sides.

Senator Muskie. How can you explore that unless you're actually
in the negotiations? ) '
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Is there a difference between the initiative to get into the negotia-
tions and the nature of the negotiations themselves once they've been
lanunched ?

Mr. Farrey. We are not here, of course, in a situation where we need
to find a forum to join in discussions of this subject. It is a matter
which comes up annually. There is an opportunity to see if there is a
basis for beginning serious negotiations.

Senator Muskie. Mr. Farley, it seems to me that we’re not so much
in a forum as we're in a rut. If we had proceeded with this kind of
reasoning in connection with the China initiative, or the Moscow
initiative, those initiatives would never have been taken. President
Nixon departed from conventional contacts with Peking. There were
none :11.:alll,nfrmu'su. Ll

You could bypass them and try a dramatic new way of establishing
contact by sending Mr. Kissinger on secret missions.

Isn't this a matter of sufficient importance and magnitude to suggest
an initiative, especially one that’s been tried success fully before? This
is not as irrational or risk-taking as you might suggest.

Mr. Fariey. This is a case in which we go to Geneva every year.
We do not need an initiative to do that, to meet with the Soviets.

Senator Muskie. On how many occasions in that yearly journey,
Mr. Farley, have we gone with the feeling that this time. somehow,
we're going to get negotiations started ?

Havye they not just become a routine exercise in this obscure rhetoric
that the public never understands ?

Mr. Farrey. This is our hope every year, that this would be the year
when the matter will come under serious negotiation.

Senator Muskie. Well, it seems to me that the nature of that. the
climate of that determination, is much like the rhetoric we get before
this committee every year. You have made virtually the same state-
ment 3 years running, the same cautious, careful, avoidance of risk
approach every year now.

[f you approach Geneva in the same fashion, I don’t see much en-
couragement for the hope that a real initiative is being contemplated.

Mr. Farrey. We are dealing here with matters of security signifi-
cance, with a matter where we feel that the security of the country
requires an adequate verification arrangement, and we have not found
the means to discuss what we consider an essential element in this. This
seems to me not a rhetorical approach, but a responsible approach to
the problem.

Senator Muskre. Well, we are learning these days that words are not
enongh to solve the problems, that we need action. Both sides took
positions 10 years or more ago and we are not about to budge from
those. We go through an annual exercise of rhetoric in (Jeneva but
there is no evidence of any response or any willingness to respond
to changes,

SIGNIFICANT CHANGES SINCE 1962

Let me ask you this: What do you think have beey the significant
changes, if any——

Mr. Farcey. I am sorry.

Senator Muskie. Let me ask you this: What do you think have been
the significant changes, if any, that have taken place since 1962 which
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ought to encourage us to believe that the prospects for agreement may
be improved? What ure the encouraging changes that have taken
place? The significant changes.

Mr. Fariey. Right. 1 think one would have to place first the very
massive work that has been done in improving our understanding of
seismic means of detection and identification, the establishment of the
fact that it is clearly possible on now theoretically understood princi-
ples to discriminate between earthquakes and explosions. We have been
able to devise theory, techniques and instruments which. when put into
a suitably designed network, would give us an actual capability to
detect earthquakes or other events and discriminate at |l'\r'l']h' at which
it was just speculation in 1962-63 to think we might be able to detect
and identify.

I think it is relevant and encouraging that we have had progress in
other areas of arms control which seems to us to mean that one ought
to be able also to come to grips with this problem and work out a solu-
tion. I think I would add. as one other relevant consideration, that I
believe the expectations and hopes from peaceful nuclear explosions
are somewhat less high than they were some time ago, and that en-
courages me to think that that also is a problem to which we could
find and negotiate a satisfactory solution. This is a case, of course, in
which not only the two major nuclear powers but some of the non-
nuclear states have some interest also.

Senator Muskie. Do you think the development of satellite photog-
raphy is a development that ought to be taken into account ?

Mr. Fariey. In our estimates of what we can do and what we need
for verification we take into account all our means of verification, yes.

Senator Muskie. Do you think that the negotiation of the SALT I
agreement is also a significant development that ought to be taken into
aceount?

Mr. Fariey. Yes, I did not mention SALT when I said very signif-
icant progress in disarmament in recent years. That is, of course, the
most important milestone there. I think it is significant.

Senator Muskie. So we have had three significant developments
since 1962 that ought to be taken into account but not sufficiently to
change our position, Is that your position ?

Mr. Fariey. It has not changed the view that some onsite inspection
18 required to supplement other national means of verification, that
15 correct.

Senator Muskie. So 10 years of progress means we end up where we
were 10 years ago.,

Mr. Fariey. Until there is some readiness to negotiate on this key
issue we are at an impasse,

DEGREE OF CHANGE REQUIRED TO CHANGE 1.8, POSITION

Senator Muskie. What degree of significant change would be re-
(quired to budge us even an iota from that position?

Mr. Farvey. I indicated in my statement, Senator, that we cannot at
this point say that there is a stage of technical capability with national
means alone which when achieved and demonstrated would enable us
to dispense with onsite inspection. The rationale is somewhat differ-
ent,
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Senator Muskie. I remember a story from my State, which used to be
a very Republican State, a story at a testimonial dinner for a State
legislator who served for 30 years. A newspaperman made the obser-
vation to him. “Well. Senator, there have been a lot of changes in the
legislature since you have been there.” He said, “Yup, I have been
agin every one of them.”

“Mr. Fareey. T hope yon are not implying. Senator. that T was
against all the improvements or against any of the arms control agree-
ments which we have made.

Senator Muskie. T just assume you represent an official position
and it is that official pesition that T am questioning, not yvou. Mr.
Farley—

Mr. FarrLey. Yes.

Senator Muskie. For whom T have a great deal of respeet. But in
order to explore the position, T have to direct questions to you.

ITAVE WE TABLED SPECIFIC PROPOSAL AT GENEVA?

ITave we tabled a specifie proposal at Geneva?

Mr. Fareey. What we have done annnally is present our concept
of the basis on which a negotiation should proceed and agreement
be negotiated. We have not tabled a specific treaty text.

WIHEN ARE WE GOING TO TARE AN INITIATIVE?

Senator Moeskie. When are we going to take an initiative? You
have used Geneva as an argument for not proposing a moratorium
as an initiative. Just advancing concepts are not initiatives. Are they,
in your opinion #

Mr. Farrey. T have not, and T am sorry if T have used the pronoun,
I shonld say we have not seen this as a matter in which the question
is whether or not we take an initiative. We have seen it as a question :
Are we doing what we think is right and as much as we think possible
to move toward the goal of an adequately verified comprehensive
test ban? We would stand, I think, fully on our record against that
criterion. I have indieated why we do not believe the specific initiative
of a moratorium would be construetive in moving toward that
objective,

Senator Muskie. What do you have in mind as an adequate initia-
tive? Do you believe that the Limited Test Ban Treaty and the Non-
Proliferation Treaty impose no obligation on us to take initiatives?

Mr. Farvey. The principal initiative which we have taken. and
we have been the ones who have made the overwhelming preponder-
ance of the contribution, has been in actually resolving in practice
the question of how one wounld carry out the seismic monitoring of a
comprehensive test ban.

Senator Muskie. Tow ean you consider that much of an achieve-
ment if it does not result in any change in our position?

Mr. Fariey. Well. we do ot believe, Senator, that our poesition is
the only one which it is required to change in this situation.

Senator Muskie. If both parties take that view. we are not going
to get any change in either position. Ave we?
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Mr, FarLey. What we hope can be done through rational inter-
national discussions of the kind we get. both at the political level
and in the technical groups, is to get a broad understanding of what
it is reasonable to specify in the way of verification requirements so
that the right case will prevail. We do not think that our case is
wrong or that t]u- iitiative should consist of giving it up.

Senator Muskie. But we have taken no diplomatie initiative in the
last 10 years pursnant to the responsibility imposed upon us by the
Limited Test Ban Treaty and the Non-Proliferation Treaty. Is that
right?

Mr. Fareey. We believe that a comprehensive test ban is a desirable
thing to achieve. We believe it should be adequately verified. \\ e have
done all in our power to make adequate verification possible. I do not
think that is nothing. We take these obligntions under the two treaties
that you mentioned very seriously, and we work at them in our veri-
fication improvement program and, as I said, annus uly in our effort
to see if we have yet reached the point where there is a common basis
of understanding which would enable us to proceed with specific draft-
ing of the treaty.

Senator Muskie. In answer to my question; have we taken a diplo-
ul(ltiv initiative, your answer, therefore, is no.

Mr. Fareey. You mean, have we taken a specific dramatic separate
step in advancing our position on every conceivable occasion——

Senator Muskir. I don't insist on the dramatic. Have we taken a
undramatic diplomatic initiative?

Mr. Farrey. We have taken a position every year by stating our
position to proceed promptly to a comprehensive test ban .ule-qualeh
verified.

Senator Muskie. So our initiative has been to express our readiness.
Is that our initiative ?

Mr. Farrtey. As I explained our major problem, which seems to
be the one which stands between us and getting this matter out of its
present unfortunate situation, is verification. We are making a major
effort to try to resolve existing difficnlties, so as to make the greatest
possible contributions from national means.

Senator Muskie. In other words, we are in a rut, and we find it very
comfortable,

MEANING OF MR. KISSINGER'S STATEMENT CONCERNING INSPECTION

What did Mr. Kissinger mean when he said in Moscow, with respect
to inspection : “And we are willing to restudy the issue.”™ What did
that mean in diplomatic terms?

Mr. Fariey. In what?

Senator Muskie, I)i])lmn:ltit' terms. I want to get away from this

unilateral technological program of ours. When he said. “We arve will-
ing to restudy the issue,” did he mean to imply that he was willing
to reconsider it, that we were willing to reconsider the issue vis-a-vis
the Soviet Union? Is that what that language meant ?

Mr. Fareey. We used a precise word which was “restudy.”

Senator Muskie. But he said it in a diplomatic setting in connec-
tion with the signing of the SALT I agreement. I am sure he was not
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unaware of the possibility that using that word might imply that our
position was flexible enough to be subject to change. Did he mean
that?

Mr. Faruey. We have restudied the question. Our position is the
one which Ambassador Martin stated in the Geneva Conference in
February and which I stated today regarding our view of what is
required for an adequately verified agreement.

Senator Muskie. In other words, we have restudied the issue and
our position has not changed.

Mr. Farcey. Because we believe that the reasons which led us to
that position remain right ; yes, sir.

Senator Muskie. I think your position is clear at this point, so I
vield to Senator Case. Senator Humphrey will come soon, I think, to
spell me on this. Thank you. [

Senator Case, you may take over.

RECENT DEFENSE DEPARTMENT INITIATIVE CONCERNING SEISMIC NETWORKS

Senator Case. Mr. Farley, in regard to your statement, you say that
“more capable seismic networks than we now possess are required to
limit this set of mixed events to a small number.”

Now, it is my understanding that the Defense Department in recent
months has shown a new initiative in relocating and upgrading
monitoring equipment for about the 20-station seismic network that
we have throughont the world. Is that your understanding?

Mr. Fareey. That is my understanding.

Senator Case. Then this is perhaps a move in the direction of meet-
ing that particular point ?

Mr. Fareey. It is a move in that direction, yes.

Senator Case. Are you hopeful that it can be carried to the point
where this particular second point of yours will no longer be a factor?

Mr. Farcey. I would like to give vou a brief answer and then ask
Dr. Evernden if he would either correct or stand with what I say, but
it is my understanding that the principal activity now sponsored by the
Defense Department through ARPA [Advanced Research Projects
Agency ] could be best thought of as constructing and operating very
important experimental facilities to prove out in practice both some
of the theory, the techniques and the instruments which have been
developed, that they are not, strictly speaking, designed in themselves
as a_seismic network designed to earry monitoring capability to the
level that T referred to in this sentence. That would require something
deliberately designed and deployed for that purpose rather than for an
experimental purpose. But I wonder if 1 could ask Dr. Evernden

Senator Case. T would hope to have that, but T would like to make
this point. As you know, last year I introduced legislation which
would have had the effect of transferring this function from the
Defense Department to your agency. You resisted it. the Defense
Department resisted it. But T had hoped that the recent activity in
the Defense Department may have been at least encouraged by my
suggestion that these networks ought to be developed by your agency
because you are the ones most interested, and having the primary
responsibility for applieation of this technology for detection pur-
poses.
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I hope you are not going to say now that this activity on the De-
fense Department’s part has no relation to a monitoring capaciby
but rather to something else. The reason I interrupted you and made
the point is that your answer a bit skidded off in that direction. That
it was not going to be very helpful for this purpose.

Mr. Farey. I am sorry if it was misleading.

Senator Case. What?

Mr. Farcey. I am sorry, but the primary purpose of this activity,
which is managed by the Defense Department with the ARPA orga-
nization, is to test methods for improving our capability for seismic
detection and identification.

My point was only that these stations are primarily experimental
rather than an operational network.

Senator Case. Then this does not involve any activity toward putting
in place equipment that might be effective for this purpose.

Mr. Farvey. Well, they certainly make a contribution. They are
good stations. These are good stations, and they improve our capa-
bility.

Senator Case. They do.

Mr. Fariey. Yes.

Senator Case. You are clear about it. T see Dr., Foster also indi-
cated that he agreed with that statement. I am glad to hear it, because
I have been concerned that we have not been active enough in this area.

WIIY RUSSIANS CHHANGED THEIR POSITION

Why did the Russians change their position? At one time—I be-
lieve 10 years ago—they had indicated they would accept three on-
site inspections. Isn’t that true?

Mr. Farvey. That is true. At the time of negotiation of the Limited
Test Ban Treaty, as I recall their position, they were willing to accept
three stations on their soil and three annual onsite inspections. Shortly
after the conclusion of the Test Ban Treaty they announced that their
position was that national means were adequate and these additional
measures were not needed, and they have adhered faithfully to that
position ever since. I am very humble about speculating on Soviet mo-
tives, Senator.

Senator Case. Were there any specific developments that you know
about that eansed this change in position?

Mr. Farrey. No, I donot know of such a reason.

Senator Case. Or was there any sort of thing that you imagined
may have happened ?

Mr. Farcey. No. I don’t know of anything of which I have enough
basis for speculation to want to put it on the record.

Senator Case. What I am really getting at is, was it your thought
that they really didn’t want a test ban?

Mr. Fariey. Their position remains as, for instance, enunciated by
Chairman Brezhnev in their formal disarmament statement of policy,
that they are in favor of the ending of all nuclear tests by everyone
anywhere—including underground—and they participate in the diplo-
matic discussions in Geneva although, interestingly enough, not the
discussions of seismie experts. So this seems to be still an objective
of their policy.
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Senator Case. It is a stated objective at least.

Mr. Farvey. That is right.

Senator Case. As it is a stated objective of ours, stated again in your
statement this morning.

Mr. Farvey. That is correet.

FEELING IN U.S8., GOVERNMENT ABOUT ENDING ALL TESTING

Senator Case. In our (Government, is there substantial feeling that
this is not very wise, that we ought not to give up the ability to learn
more about nature, and also that we ought not to give up the chance
of discovering for all purposes more of the secrets of nuclear activity,
and so forth?

Mr. Farcey. I think the way T would answer that, Senator, is that
our style of looking at problems like this is to examine the pros and
cons of taking a course of action, and I think most of us in the Gov-
ernment would recognize, perhaps with different degrees of fervor,
that there is more to be learned by nuclear testing, that nuclear test-
ing is necessary even if you are going to have effective continued
Iahnmtm_\ work. That there are specific applications of improvements
in nuclear weapons technology which one can now foresee, and that
beyond those there is always the uncertainty, but the possibility, that
something more novel, more unpredictable might turn up, and there
is ,-,:vnet.l”) , I think, a feeling that this is an area where we have the
kind of technological aptitude which is quite important to continue
to exploit. These are considerations which we weigh when we con-
clude—as I have said we do after weighing them—that, provided the
other fellows give these up too, we are prepared to give them up, but
we are giv iu;.: something up.

Senator Case. Would you say that this feeling that it is desirable
to continue testing is held with varying degrees of intensity in differ-
ent areas of our governmental structure ?

Mr. Farrey, That was about the phrase T used and T hope I won’t
be asked to pmh it any further than that.

Senator Case. No. But would You say that the same statement could
be made in regard to the belief in the (lvs;mhl]lt\ of achieving a com-
prehensive test ban treaty—that there are varying degrees of fervor
with which that is held?

Mr, Farvey. I think that is undeniable.

Senator Cask. It is almost an axiom to say that. You wouldn’t want
to say it was trite?

Mr. Farcey. I would say that with respect to any human being.

Senator Case. Who would hold the high sense of urgency about the
desirability of a comprehensive test ban treaty.

Mr. Farcey. T heard some very eloquent spokesmen already this
morning and I would hate to place anybody higher on the list than
Senator Kennedy and Senator Muskie.

Senator Case. Well, you would include me in there, too.

Mr. Farcey. You submitted your statement for the record without
reading it,

Senator Case. T am talking about the executive branch. [ Laughter. |

Mr. Fariey. As I said, in general, our exercise is one of looking very
carefully at the pros and cons and balancing them, rather than the
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matter of trying to settle the thing by fervor and argument, so T don’t
know that I can respond usefully to that question. ' :

Senator Casg. If everybody is going to be a judge, nobody 1s going
to be a prosecutor.

Mr. Farrey. “Advocate,” 1 think, is the word.

Senator Case. Well, advocate is another way of putting it. You
know it was always my hope that your agency was going to be an
advocate. Do you have an advocate’s division in your agency !

Mr. Fareey. 1 think generally, Senator, we consider it part of our
responsibility to see

Senator Case. I am not playing with words, you know. I feel very
seriously about this.

Mr. Fartey. I was going to give you a serious answer. I think we
consider part of our responsibility to see, in this assessment of pros and
cons, that the pros, all of them, are fully advanced and that the rea-
sons why they should be given weight are presented as fully and as
forcefully as possible.

LACK OF ADVOCACY OF COMPREHENSIVE TEST BAN

Senator Case. It has bothered me for quite some time. You always
come up here with this balanced position—not that I object to balance.
I suppose the older I get, the more Burkean I become concerning
i belief in balance. But someone has to be the advoeate, and I don't see
it in the agency. I think the very fact that you are given two jobs, for
instance, one of representing the United States in negotiations, and sec-
ondly, presenting the administration position up here, is troublesome.
I don’t suggest setting up another agency in the Government. We have
enough, But T do suggest that something is lacking, and T wish I
knew how to provide it. This isn’t said in personam at all. T agree with
what Senator Muskie said, that you are a great guy and that you
are under wraps.

I used to think if I were going to go into this as a lifelong specialty
I would want to get into the Arms Control Agency. I know that many
young people went into it with this in mind. Now this outlook has
changed and ACDA is now a “balanced view operation,” a kind of a
bureancracy which keeps things from exploding and presents the ad-
ministration point of view to the public.

Mr. Farcey. Well, T am a little troubled by the record that is being
made. It seems to me, and it is important, to draw a distinction between
advocacy of an official position such as we have presented here this
morning and advoeacy of positions within the executive branch which
is where we spend most of our days and hours. And I think one has
to ask whether there is gain or loss if one establishes an agency which
is committed to be simply an advocate for an almost preestablished
position on any issue. We would not then have the Arms Control
Agency speaking to you today, and, as I say, I am not sure whether
you would, from your point of view, find that to be a gain or a loss.
I do not accept your statement about attitude among young people
coming to work in ACDA. We always have more absolutely first-rate
young people who want to work for us than we can take on. So, on just
those two points, I did want to say something to comment on your
remarks. ' |




Senator Case. Certainly. It is encouraging to have you indicate your
continued belief in the soundness and validity of the agency for its pur-
poses. I still maintain it isn’t the agency I thought we were creating,
and I don’t know what to do about this.

Dr. Evernden, do you have something that you would like to develop
while we are waiting for Senator ff{lunpln'l_-yf Or do you want
questions?

Dr. Everxpex. What is your desire ?

Senator Case. Draw your microphone a little more close to you,
please.

ROLES OF ACDA AND DEFENSE DEPARTMENT

Mr. Farey. Could I come back to one observation you made which
[ think might give Dr. Evernden a chance to say something that would
be of interest here? You spoke of your concerns about the respective
role of the Arms Control Agency and the Defense Department, par-
ticularly ARPA. We told you last year we are ourselves quite easy
about this relationship. We think the ARPA program is a good pro-
gram; we don’t think even if we get the money we could conceive or
run it any better. We do think there is a role, however, for ACDA. as
the agency which has the primary executive and statutory interest in
advancing arms control, to try to be constantly aware of the progress
that is either achieved by the ARP’A seismic improvement program or
the progress that is in prospect, to see that it is properly and construc-
tively applied to what we are doing.

If you would like T think it would be possible for Dr. Evernden to
say something about the kinds of things we concern ourselves with
which are based, of course, on the much more massive ARPA effort,
and we depend on it, but we try to extend it in this area in such a way
as to make the maximum contribution to resolution of verification
issuies.

Senator Case. Surely. And just to further explain my own concern,
might I say that I have the feeling that while your agency and the
Defense Department are going to make progress and move in the right
direction, you are never going to achieve the objective.

Mr. Farcey. I think, Senator, T have said enough in the earlier ex-
change with Senator Muskie so that my views are on the record.

Senator Case. Yes.

Dr. Evernpen. Well, then——

PRESENT SEISMIC CAPABILITY COMPARED TO 10 YEARS AGO

Senator Case. Dr. Evernden, would you compare the present state
of seismic capability with that of 10 years ago when we got the limited
test ban treaty

Dr. Evernpen. Well, T think it is fair to say that over that 10-year
period we have essentially transformed our understanding of how to,
if you will, tell seismic signatures of earthquakes from those of ex-
plosions. As you know, 10 years ago the conventional wisdom was
that this essentially could not be done. Today there is no one who
believes that. We testified to you—I mean my seismological brethren
and others—that we essentially today do know that within the seismo-
gram recorded at adequate signal-to-noise ratio there is more than
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enough information to distinguish the seismic signature of an explo-
sion from that of an earthquake.

I may be deemed an enthusiast on this by some, but I firmly feel-

Senator Case. You have to have a balanced view. | Laughter. ]

Dr. Everxpen. That is right. 1 feel it is a balanced view—that we
understand today that these differences are of a very high level, and
we essentially know most of what there is to know about telling the
differences between earthquakes and explosions by seismic criteria.

The unfortunate aspect of all this, of course, from the point of view
of some, is that it deoes not lead to an identification capability to some
arbitrarily low level based on arbitrary networks. Thus, as in the
statement, it is really very difficult to design a network which would
be totally external to the U.S.S.R. and China that could reduce the
number of unidentified events of magnitude 4.0 or greater, say, to less
than 10 or something like that.

Senator Case. Have there been studies that support this general
view, critical studies?

Dr. Evernpen. Yes. We can certainly design networks and we have
conducted these sorts of studies at ACDA in the last year or two, it
is also true that we could essentially eliminate that number of unidenti-
fied events if we had the right to deploy within the Soviet Union 15
or 20 simple seismie stations. We do not now have that l'ight. We do
not now know whether that right is negotiable but it is one techniecal
golution to the problem.

From the seismological point of view, it is a far simpler solution
than a solution based on elaboration and expansion of a complex net-
work external to the [T.S.S.R. It brings other assorted benefits also
which I can go into if you wish.

Senator Case. I can certainly accept thisif it is true.

Dr. Evernpex. The fundamental problem is that the Earth is noisy,
that microseisms are there plaguing one. When the signals are too low,
you are just barred from acquiring the information that you wish.

Senator Case, Barring by external——

Dr. Evernpen. Yes: when you are too far away, that is right. One
of the-

UNMANNED SEISMIC OBSERVATORIES

Senator ("ase. What about this black box business ?

Dr. Evernoen. Well, that is another name for what we call un-
manned siesmic observatories.

Senator Case. Unmanned.

Dr. Evernpen, Yes.

Senator ("ase. Don’t these observatories present a real possibility of
the solution to this problem? )

Dr. Evernpen. It presents a technical solution down to a lower
signal level than we ean get at present.

Senator (Case. I am sure that is a fair statement and I am sure no-
body would question that.

Dr. Evernpen. That is right.

Senator Case. But does it go far enough for practical purposes?

Dr. Everxpen. Well, the answer to that is outside seismology. It
will certainly get you essentially all magnitude 4.0 events and 1t will
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get you many somewhat lower than that. Now whether that would be
enough is somebody else’s decision.

Senator (Case. Excuse me, just to be sure I understand, will this not
only detect such events but tell whether it is natural or man-exploded
events?

Dr. Everxpen. In the case of overcoming background noise, it will
tell whether they are explosions or earthquakes. Even against this sys-
tem there might be an occasional problem with deliberate evasion, in
the neighborhood of magnitude 4.0. There might be occasional doubt,
but it wouldn't be very often. But what this would do would make eva-
sion at magnitude 4.0 a very difficult task.

Senator Case. And this system would cover Russia fairly exten-
sively, fairly comprehensively ?

Dr. Everoex. That is right. One of the conditions we have to make
clear is that the seismological capabilities that I attach to such a net-
work assumes that the stations have been deployed as I or some other
American, using “I” here as an American seismologist, as I would
deem required to do the task. They have to be where you need them
to do the job; they have to be of a certain quality; and they have to
be of guaranteed reliability in the sense that you can be sure that the
data you get from them are valid data. This, in the past, has been
somewhat of a problem with USO’s [Unmanned Seismic Observa-
tories]|.

In this context, ACDA recently completed a feasibility study as to
whether a more tamper resistant, rehable USO could be designed
based on present technology, and the upshot of that feasibility study

was that 1t does seem that such a station can be developed. ARPA

has, with its greater moneys than ours, picked up the ball on that study
and 1s funding development of some of the components that were de-
fined in the ACDA feasibility study. So we collectively do feel, I mean
both ARPA and ACDA, that these most certainly could play a sig-
nificant role, and a very important role, if they could be properly de-
ployed in proper numbers with the proper eapability, with the proper
assurance of data reliability.

RUSSIAN ATTITUDE TOWARD USE OF UNMANNED DETECTION
INSTRUMENTS

Senator Case. Could I ask Dr. Farley at this time what the Russian
attitude toward possible use of these unmanned detection instru-
ments is,

Mr. Fagrey. Their statement of their position on anything going
beyond national means of verification operating outside their territory
has been that they do not believe it is needed. They have not, to my
knowledge, specifically addressed and refused the concept of black
boxes but, as T indicated earlier, they have refused to engage in tech-
nical discussion of how you make either national means or supplemen-
tary means such as these seismic observatories practical or what their
capabilities would be. So you have really mainly a body of either
absent or negative but not conclusive evidence, and since it seems to
us not conclusive, it seems to us worth the effort to prove this technique
out and have it available.
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Senator Case. I certainly want to encourage you as strongly as I ean
in that direction.

Have you anything further that you want to put into the record.
either of you! if you have you ean send it up on reflection when you
have a chance to look at the fr':lll:-u-ri[nt.

Mr. Fareey. 1 don’t believe 1 have anything to volunteer at this
time.

SIGNIFICANCE OF RUSSIAN ABILITY TO TEST BELOW DETECTION
THRESITOLD

Senator ("ask. Just one second. The stafl has suggested, and I would
like very mueh to have this on the record and ask Dr. Evernden how
significant it would be if the Russians could test below a detection
threshold.

Dr. Everxpen. That is not a seismological question. I am sorry, sir,
but I really am not competent to give a statement about the meaning-
fulness to the Russians of tv«llnn below a, say, 4.0 threshold. T can
tell you what systems it will require if you would like that capability.

Senator C'ask. (Go ahead,

Dr. Everxoes. I mean I can tell you how to build networks to give
you a capability to detect magnitude 4.0, but T have no competence for
ivllmlr you the significance to the Russians for testing below that level,

Senafor Cask. s there anything else before I surrender this rare
occasicn on which I am chairman of the committee ? [ Laughter.]

IMPORTANCE OF TESTING FOR PEACEFUL USES

I ask you if you would, each of you, make such comment as you want
on the importance of testing for peaceful uses.

Mr. Fareey. I don't believe, Senator, that I ean really go beyond
what I said earlier: namely. that I think expeetations are somewhat
more modest now. I should add one ”Illl,‘._". :lllt{ that is that one country
which has a particular active program in this field of use of nuclear
explosions for peaceful purposes is the Soviet Union. Their program
is many times the size of ours now and that is a factor which we have
to consider when we are asking will we be able to handle that problem
in the context of the ((}nll)ll'hl'“‘wl\l' test ban agreement.

Senator ("ask. Are they getting anything out of it ? What are they
doing?

Mr. Fareey. They seem to believe so. They use it fnr -they have
tried exeavation projects in the past, they have tried, as T understand
it, using nuclear explosions for snuffing out gas well fires. They have
had other explosions for creating cavities for storage purposes, and so
forth. I am probably omitting some major elements of their program,
but they do have an active and extensive program and one to which
they seem to attach importance.

Senator ("asg, It is still going on.

Mr. Farvey. Oh, yes.

Senator Case. And they are able to operate without violating the
test ban treaty.
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Mr. Farvey. That is correct. It is required that they conduet con-
tained explosions, but that is the parameter of their program now.

Senator Case. You are not excited about the possibilities so far as
the United States goes, I take it.

Mr. Fareey. 1 don't feel I am that much of an expert. There scems
to me no doubt technically you can do a number of things with nuclear
explosions in fields such as those I named which the Russians are
active in. It then becomes a mixed economic and environmental prob-
lem as to whether using a nuclear explosion is the method of choice
for a particular thing. Certainly PNE's are not yet demonstrated as
capable of a major contribution.

Senator Case. Have you an observation, Doctor?

Dr. EverNpex. My view is essentially the same as that of Mr. Farley.

Senator (Case. Mr. Chairman, these gentlemen have been on the wit-
ness stand for a long time, and unless you have some questions you
want to address to them we ought to go to the next witness.

Senator Humrurey [presiding|. There were a number of questions
prepared as the result of discussions with Senators concerned with the
comprehensive test ban. I join with Senator Kennedy in proposing
such a resolution in Congress, and have long been a supporter of it.

UNIDENTIFIABLE EARTHQUAKES GIVEN BEST POSSIBLE SEISMIC
DETECTION UNIT

First, it is quite evident, I gather from what has been said here,
that there is testimony to the effect that seismic detection is a greatly
improved science. Is that correct, Dr. Evernden?

)r. EveErnpen. Yes, sir.

Senator Humrnrey. Given the best possible seismie detection net-
work, could you give us any idea of how many unidentifiable earth-
quakes might be expected per year within the Soviet U'nion?

Dr. Evernpex. The best possible estimate has to be sort of qualified
and then magnitudes attached. T would guess the best logistically and
politically feasible network external to the U.S.S.R. that could be de-
ployed would probably have, because of various causes, 10 or sn uni-
dentified events of magnitude 4.0 or greater per year. If a far simpler
network were deployed outside the Soviet ['nion but, as was men-
tioned earlier, 15 or 20 black boxes or USO’s were deployed within the
appropriate areas of the Soviet Union. the number of unidentified
events at 4.0 could be made, I think, essentially zero.

Senator Humpenrey. That is if you could have the black box within
the Soviet boundaries itself.

Dr. EvERNDEN. Yes.

NUMBERS OF US0'S REQUIRED

There is one point which I think would be useful here to get on the
record. Yesterday. as you might expect, I was reading the hearings of
your committee and the joint committee on this subject. Ona thing
that arose—there was a discussion about the use of USO’s and it was
stated that numbers like 200 or so of these were required. The number
I gave today is 15 or 20 and T thought it might be useful to help specify
how the difference between 15 and 200 arises. The 200 were designated
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at a time when it was assumed that decoupling could be done in numer-
ous media and that one had to have a es pability of seeing events of
magnitude 3.0 or less everywhere within the Soviet Union.

The state of understanding today on that is—I believe everybody
would agree—that the construction of cavities adequate for de-
coupling even several kilotons is only possible in salt dome areas and
is not possible in granite masses. Therefore, the monitoring equipment
to discern these smaller magnitude cvents need only be deployed in
salt dome areas. These areas are very restricted and there are no
enrthquakes in the salt dome areas of the Soviet ['nion. This is a
matter of historical knowledge as detection of a seismic event in a
salt dome area constitutes identification as an explosion. Therefore,
the real problem may be differentiating a small tamped chemical ex-
plosion from a decoupled larger nuclear explosion. These two factors
of localization of critical areas and ease of identification as an explo-
sion mean that most of the 200 stations believed required in the past
don’t need to be deployed against the problem because the problem
does not exist in those terms.

POSSIBILITY OF ESTABLISHING NETWORK MINIMIZING U.S. RISK

Senator Husmriuey. Arve you of the opinion then that a network
could be established that would minimize any risk to the United
States 1f we were to enter into a comprehensive test ban treaty ?

Dr. Everxpex. If having the detection identification capability to
4.0 or a bit below—below 3.0 in salt dome areas—would meet that
standard, why, yes. But I don’t know whether it meets that standard.

Senator Huyreurey. You are speaking now of the threshold so to
speak. Is that correct ?

Dr. Everxpex, I mean, you have the national security context in
your question, sir

Senator Huesenney, Yes, sir.

Dr. Everypex. And all T can do is specify as to what kind of net-
work I can build, the authority to do it.

Senator Humrnnrey. What do you think the degree of risk would
really be?

Dr. Everxpex. I am afvaid I am here as a Government seismologist.

Senator Huesreirey, Pardon.

Dr. Evernpex, I am afraid T am here as a Government seismologist.
For everybody, yours is a very subjective question and T don’t think I
can say anything that would be useful.

ULS. CAPABILITY OF POLICING COMPREHENSIVE TEST BAN

Senator Husenrey. Finally, arve we capable of policing a compre-
hensive test ban using only national means of verification and not in-
volving equipment on Soviet terri‘ory?

Dr. Everxoex. I fear that that question shonld be asked at another
time to somebody else or maybe Mr, Farley can answer that hetter
than I.

Mr. Farvtey. I didn't riean to interrupt.

Senator Huamrenrey. Please go ahead, Mr. Farley.
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Mr. Fareey. T have testified that it is our view that we still require
more than our national seismic and other means of verification for
adequate verification of a comprehensive test ban at this time.

Senator Husmrenrey. Our national seismic, but what about other
nationals? What if you could enter into agreements with, for example,
the Seandinavian countries, Iran, or Outer Mongolia?

Mr. Farcey. Now some of the stations which we fund are operated
by other countries. For instance, the NORSAR station is operated by
Norway but funded in large part, conceived and designed and operated
in accordance with conditions established here. 1 think that is a very
practical means. It does seem to nus important, as Dr. Evernden indi-
cated in talking about the unmanned seismic observatories, that their
location, their adequacy, their method of operation be in accordance
with U.S. standards and ecriteria. if they are to serve the purpose that
we would place on them.

Senator Husmretrey. Yes, I am not disputing you on that point. The
point I am getting at is if those standards or if the equipment meeting
.8, standards were strategically placed in lands of other countries
outside of the Soviet Union, would 1t be possible to monitor effectively
a comprehensive test ban treaty? .

Dr. Everxpen. Sir, our understanding of national means, is that it
is all means available to us.

Senator Husmrenrey. Yes, sir.

Dr. Everxpex. It does not mean means deployed within the national
boundaries of the United States.

Senator Humrenrey. I understand.

Dr. Everypex. So when we say a capability by national means, it is a
capability based on assumed capability of stations in most of the areas
you are addressing.

Senator Hosmrenrey. Then your conclusion is what ¢

Dr. Everypen. So, the conelusion T gave before was that a network
based solely on national seismic means, thus a network deployed where-
ever we can get stations outside the Soviet Union and China. would
have difficulty in identifying by seismological eriteria the last 10 or so
events of magnitude 4.0 or so coming from within the Soviet Union.
However, if we could use a much simpler external seismic network
than that one but could deploy 20 USO’s inside the U.S.S.R. the prob-
lem at magnitude 4.0 and somewhat below would essentially disappear.

Senator Howmenrey. Thank you very much.

We thank you both, very much.

[ Questions submitted to Dr. Evernden and his responses follow :]

Resronses To QUESTIONS SUBMITTED To DR, EvERNDEN, ACDA, BY SENATOR
MuskKIE For THE REcorD

Question 1, (a) Could you provide specific information as to the portions of
the Soviet Union in which there ig little or no scismic activity that might com-
plicate cxplogion detection? (b) Could youw pinpaint the areas of greatest proba-
bility of natural seismic activity and discuss the various means of differentiating
between natural cvents and explosions in these specifie arcas?

Answer., The attached outline map taken from the testimony by Dr. 8. J.
Lukasik in hearings before the Subcommittee on Research, Development, and

Radiation of the JCAE, October 27 and 28, 1971 (Chart 26, page 60)' indicates

tAttachment No. 1.
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the seismic regions of the U.S.8.R. If the four major seismie regions on that map
are numbered 1 to 4 from west to east, the level of seismicity in each is approxi-
mately as follows :

Percent

U.S.S.R. Number of Number of
seismic of mp=>5.0 of my>6.0
activity (per year) (per year)

%
8
4
4

! Includes area of scattered epicenters west of region 3 of chart 26.!

Sakhalin Island, on the western edge of the Sea of Okhotsk, includes about
6 percent of U.S.8.R. seismic activity, while the broad zone indicated on chart
26" as extending northwest from the Sea of Okhotsk includes about 1 percent,
All other regions of the U.S.8.R, are essentially aseismic, that is, there is little
or no seismie activity to complicate seismic verifieation.

The answer to the last part of Question 1 depends upon precisely what infor-
mation is desired. I will presume the guestion to be a request for a generalized
discussion of the interrelationships of critical characteristies of earthquakes of
the several regions and generalized identification eriteria.

Region 1. Caucasus—Essentially all earthquakes in this area have depths of less
than 70 km. Most are less than 50 km and nearly all have depths greater than 15
km. Therefore, depth of focus determinations must be of high quality. Since no
earthquakes in this aren have appeared anomalous (possibly because there are
essentially no strike-slip earthquakes in this area), determination that an earth-
quake is within the crust of the earth (that is, depth less than or equal to 50
km.) is probably adequate since M, :my should snccessfully identify sueh shallow-
focus events. First motion, and long period criterin other than M. :m. (Love
wave, comparison of details of Love and Rayleigh spectra) are all very useful
if the data are obtainable. Due to the interplay of the national boundaries of
the U.K.8.R.. the source mechanisms of many of its earthquakes, and the loca-
tions of those earthquakes, first motion is n largely useless eriterion for a veri-
fieation network external to the U.S.5.R.

2. Tashkent, cte—The situation here is quite similar to that in the Caucasus
except that a few deep events occur along the southern portion of the region,

3. Irkutsk to Kazakh—Many of these earthquakes appear to be very shallow
(20 km or less), with depths for some events reaching 50 km or so. This means
that very refined procedures of depth determination are required. In addition,
infrequent anomalous earthquakes appear to be possible in this area. Refined
depth determinations may be required to identify such events properly. For most
events, Mg :my or other long period eriteria must be the basis of identifieation if
acenrate depths are not available,

4. Kamchatka/Kuriles—Here, the interplay of location and depth of focus cre-
ates a markedly different situation. The capability to locate an earthquake within
15-20 km. of its corvect location, plus the ability to establish depths as greater or
less than 50 km. will successfully identify nearly all earthquakes in this area.
since such shallow focus events are in most cases tens of kilometers at sea, The
small residunm of events could be identified by more accurate depths, plus
M; :my, and other long period criterin.

Nakhalin Island.—Both very deep earthquakes and quite shallow events ocenr
in thix area. The former are identified by their depths, the latter must be identi-
fied by long period eriteria if very accurate depths cannot be obtained,

P Attachment No, 1.




81

ATTACHMENT No., 1

MAJOR MIMIC ANEAL

AFGHANTITAN - SCATTERED EMICENTIE
. 1500 Mles .’

MO, USGCY ke ARPA, DeD, 1971 S.R. SEISMICITY

Question 2. (a) What is the feasibility of decoupled caxplosions in cavities
within the Sovict Union? (b)) Can cavitics be eonstructed in salt deposits or
anpchere clge in suflicient size to be useful? (¢) Are salt domes or other natural
ar mannade cavitics located in scismie arcas in the Soviet Union? (d) If so,
wherc? (¢) I's there a differenee in decoupling factors between mine cavities and
cavitics made by ceplogions? (f) What has our research demonstrated as to the
feasibility of detecting and identifying decoupled exrplosions in salt domes?

Answer, This question is understood to address what are termed “fully de-
coupled™ explosions,

(@) This is a simple question in one context, a difficult one in another. It is
certainly feasible for the Soviets to decouple something like a 1 kiloton explo-
slon by mining sufficiently large eavities. Due to unigue and unevaluated engi-
neering aspects of constrncting large freestanding air-filled underground cavities
(i.e., several hundred feet in diameter) of controlled shape, it is my personal
opinion that no definitive answer as to the feasibility of mining eavities adequate
for fully deconpled explosions of even 10 kiloton can be made, Investigations of
which I have knowledge indicate a minimum condition for construction of such
cavities is that the ecavity must be in a large homogeneons salt mass. The un-
evaluated parameter iz the behavior of natural salt masses when such large
holes are generated within them. Strong differences of opinion exist which have
remained unresolved for years as no one has ever attempted to build holes of
relevant diameter, Feasibility of constructing holes adequate for full decoupling
of 10 kiloton has not been demonstrated. Holes for decoupling explosions as
Inrge at 50 kiloton or more appear at this time to be infeasible.
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(b) Again, one must define useful. If one considers holes adequate for decou-
pling 1 kiloton explosions (200-foot diameters) to be nseful, the answer to the
fuestion is probably yes. If 10 kiloton is the definition of useful (hole diameter
required is 425 feet), the question is factually unanswerable, See () above,

(e) As regards salt masses useful for building large eavities, studies indicate
that homogeneous salt masses four to five times larger in all dimensions than
the diameter of the hole to be made are required. Most salt masses shown on the
attached chart from the hearings referred to in question 1 above (chart 24, page
36)° are useless as sites for constructing large cavities. The most technically
feasible place is the area of very large salt domes at the north end of the Caspian
Sea. Smaller salt domes ocenr in three or four other small areas, but use of
these in clandestine tests would appear to pose problems not present in the area
north of the Caspian Sea. Comparison of the attached chart with that referred to
in question 1 indicites absence of natural seismic activity in any of the salt dome
areas of the U.S.S.R. Detection of a seismic event in these areas constitutes iden-
tification as an explosion. As regards natural eavities, there do not appear to be
any that would be useful for elandestine testing.

(d) See (c¢).

(e) Data available on the Cowboy series of high explosive detonations in
mined cavities in salt indieate a probable decoupling factor of about 75 at
frequencies of 1 H,. Since the average decoupling factor observed for the
Sterling nuclear explosion in the exploded cavity created by the Salmon nuclear
explosion was also about 75, there appears to be a close correlation between
decoupling factors for explosions in mined and exploded eavities.

(f) Assuming a decoupling factor of 75. a 1-kiloton explosion would yield
approximately an m, 1.8 signal, a 5-kiloton explosion and m, 2.5 signal, a 10-
kiloton explosion an ms 3 signal. Signals of these my values can only be detected
by geismometers in the proximity of the salt dome areas.
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Question 3. (a) Could you comment on the feasibility of the cvasion technique
of detonating multiple erplosions to simulate carthquakes? (b) How feasible
would it be to try to cvade a comprehensive test ban by hiding an caplogion in a
very large earthquake?
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Answer. Answers to both (a) and (b) depend strongly on assumptions about
the quality of the operational vertification network. When yield values for
avoiding seismic detection or identification are quoted, they must be tied to
specific assumptions about the capability of the assumed verification network
in order to be meaningful.

(a) It is my personal opinion that evasion schemes based on the idea of
multishot simulation are bound to fail if multiazimuth, multirange, multiphase
seismological data are available. T am confident that this opinion is shared by
virtually all seismologisis who have considered the problem. The presumed
credibility of this scheme is based upon the unstated assumption of the avail-
ability of only limited data and limited data analysis.

The simulation of the complexities of earthquake seismograms, such coin-
plexities being induced by the basic asymmetries and high content of shear
energy of earthquakes, is just not possible by firing of numerous explosions. Any
network adequate to even reasonably well control evasion efforts based on hid-
ing-in-an-earthquake scenarios would be more than adequate to thwart multishot
evasion efforts.

() It is very difficult to give a simple answer to this question, the answer is

s0 critically tied to the particular scenario details and the network character-
istics. A few generalities will be attempted. In my view, evasion based on hiding-
in-an-earthquake is by all odds the most eredible approach to evasion at yields of
several kilotons against a verification network deployed at teleseismic distances.
However, there are definite limits to this evasion scheme. For example, investi-
gations of the interrelationships of hiding opportunities, event magnitudes
(my, M), and network characteristics suggest that, against present WWSN?
capabilities, several opportunities per year exist conceptually for successful
hiding by the U.S.8.R. at M, 5.0 with only a 10 percent chance of the surface waves
being seen. However, in all these cases, there would be at least a 90 percent cer-
tainty that body waves from an earthquake having such M. values would be
clearly recorded by numerous short period instruments since the equivalent body
wave magnitude would be relatively large (my=5.5). Although detection of short
period signals without detection of long period signals might constitute an uniden-
tified event, the statistical probability of an my 5.5 earthquake oecurring within
the U.8.8.R. with its surface waves hidden in those of another earthquake even
once every few years is small. Also, the event would be sufficiently large that
successful identification by short period criteria might be very probable. In gen-
eral, I would guess that successful evasion against a quite capable external
network would occasionally be possible at m, (20 kilotons or so in hard rock).
As pointed out in my earlier testimony, deployment of 20 or so unmanned seismic
observatories (USO's) appropriately throughout the Soviet Union as an adjunc-
tion to external eapabilities would essentially eliminate this type of evasion
opportunity at ms 4.0 and it would seriously restrain evasion opportunities at
1y, wb,
I'he above discussion is predicated upon use of distant worldwide earthquakes.
If the emphasis is on scenarios using nearby earthquakes, a major restraint on
evasion by this means is the required level of seismic activity in the vieinity of
the shot. As pointed out in the first question, only Kamchatka/Kuriles can expect
to have even one magnitude 6.0 event per vear. Studies suggest that at least
one magnitude difference between explosion and earthquakes should be allowed,
and gince the earthquake should be within 600 km or so of the explosion to employ
this particular evasion scheme, there would be much less than one opportunity
per year at any specific site in the U.S.8.R. outside Kamchatka/Kuriles at my
4.0. Studies have been conducted of detecting evasion by this scheme in Kam-
chatka/Kuriles. To my mind, these studies indicate that external verification sys-
tems could be deployed which would seriously restrain any efforts of this type.
Another important parameter of this evasion scheme is the expected yvield versus
magnitude relationship for explosions in Kamchatka/Kuriles, If my versus yield
values in Kamchatka/Kuriles are similar to those in Amchitka (a not illogical
assumption in light of their similar geological environments), an my 4.5-5.0 signal
would be associated with a yield of 1 kt or so. Deployment of the USO's men-
tioned above would lower these thresholds even further.

Question 4. Please describe the possibilities of evasgion by testing in dry allu-
vium within the Soviet Union. Could you estimate the highest probable yield at

3 Worldwide seismic network.
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which tests could be conducted with the expectation that there would be no de-
tectable surface effects?

Answer. The conditions for existence of deep dry alluvium are so restrictive
and so unsual that all recent studies of which 1 know agree that thicknesses of
material such as at the U.S. Nevada Test Site may be unique and almost certainly
do not exist anywhere in the U.S.8.R. Either studies based on a small set of fun-
damental geologie, climatic and hydrologic conditions, or studies based on me-
ticulous analysis of all available data arrive at the same conclusion, that is, that
chart 23, page 54 from the hearings referred to in question 1* describes the gen-
eral distribution of this material within the U.S.8.R. There are small seattered
deposits of possibly 1,000-foot thickness in desert or near-desert areas in the
sonthern end of Uzbek U85 R.

I eannot see how it would be possible to have elsewhere in the U.S.S. 1. the co-
alscence of all conditions necessary for the formation of such material.

At NTS, U.S, Nevada Test Site, the scale depth in dry alluvium to prevent a
surface collapse crater is at least 600 feet and possibly greater. Using a 600-foot
sealed depth, and allowing 100 feet below the explosion to prevent strong coup-
ling to the deeper water-saturated strata, vields of 1-3 kilotons might be pos-
sible, Any higher yields will cause cratering or, if placed deep enough to prevent
cratering, will have high amplitude signals (my 4.5-5.0), which could be detected.
Whether all other surface effects associated with the emplacement of devices at
such depths in terrains of this type would be removable or preventable is not
i seismological matter. A 2 kt explosion in dry alluvium should generate an my
3.2-3.5 signal. Since these potential sites are near the southern borders of the
[.8.8.R., events of this magnitude could be defected by new stations near, but
outside, the borders of the U.8.8.1. Alternatively, these events could be easily
detected by a combination of present external capabilities plus a limited number
of USO's. Therefore, efforts by the Soviets at evading a CTR by use of avail-
able dry alluvinm seems extremely unlikely.

{ Attachment No. 3.
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Senator Humeurey, Dr. Foster is our next witness.

Dr. Foster, we welcome you once again. Dr. Foster is Director of
Defense Research and Engineering, Department of Defense.

Doctor, you are accompanied by Dr. Stephen Lukasik, Director of
Advanced Research Projects Agency, Department of Defense.

Dr. Foster, we welcome your commentary on proposed Senate Reso-
lution 67. Please proceed.

STATEMENT OF DR. JOHN S. FOSTER, JR., DIRECTOR, DEFENSE
RESEARCH AND ENGINEERING, DEPARTMENT OF DEFENSE;
ACCOMPANIED BY DR. STEPHEN J. LUKASIK, DIRECTOR OF
ADVANCED RESEARCH PROJECTS AGENCY, DEPARTMENT OF
DEFENSE

Dr. Foster. Mr. Chairman, would you care to have me read this
brief statement or would you like me to paraphrase it or just ask
questions?

Senator Humrnrey. It is a very brief statement, Why don’t you just
proceed ?

Dr. Foster. T would be very pleased to do that, Mr, Chairman and
members of the committee.

I am pleased to represent the Department of Defense before this
distinguished subcommittee to speak to the proposed Senate Resolu-
tion 67. This resolution ealls for an immediate moratorium on under-
ground nuclear testing and the acceleration of negotiations with the
Soviet Union on a permanent agreement to ban further nuc lear
testing,

At the outset, let me say that the U.S. policy supports a comprehen-
sive nuclear test ban, adequately verified, in order to limit the escala-
tion and pmllfemtmn of nuclear weapons, This has been publicly
affirmed in numerous policy statements and is included in the Limited
Test Ban Treaty of 1963 and the Nuclear Non-Proliferation Treaty of
1968, to both of which we are a party. The Department of Defense
supports those agreements.

I am sure that we all agree that acceptable arms limitation agree-
ments can only be achieved if there is mutual confidence built on ade-
quate objective information that each signatory is abiding by the terms
of the agreement, and that none are achieving unilateral advantages
at the expense of other signatories in violation of the agreement. Fur-
thermore, we seek to achieve this verification capability through na-
tional and international means so that each side can assure itself of the
adequacy of the data on which its security must ultimately rest.

The proposed resolution speaks to two circumstances. One is the
case of a formal comprehensive test ban treaty where the negotiations
provided an opportunity to arrange for such modalities as either side
required to secure adequate verification. The other is the case of an
informal moratorium which foregoes adequate verification at the
outset.

The key issue we must address, therefore, is that of the adequacy
of means to verify a ban on underground nuclear testing. To this end,
we have funded a major research program to assist us in pursuing
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such agreements while at the same time maintaining our national se-
curity. I am accompanied today as you indicated, by Dr. Stephen J.
Lukasik, Director of the Defense Advanced Research Projects Agency,
who is responsible for the research program bea ring on the subject of
today’s hearing.

VERIFICATION ISSUE: SEISMIC TECHNIQUE

The technical questions involved are. ns this subcommittee fully
recognizes. quite intrieate. They were dealt with extensively in hear-
ings before this subcommittee in July of 1971 and later before the
Joint Committee on Atomic Energy in October of that year. The
status of our understanding of those questions has been published in
the proceedings of both hearings: and 1 will. therefore. state the con-
clusions of the Department at that time and indicate some of the
principal efforts that have heen nndertaken since then relative to the
verification issue.

First, we have determined that we cannot veri fy a ban on under-
ground testing on the basis of seismic stations on .S, territory alone.
The nature of the seismic signals from underground explosions and
the obseuring background noise requires an extensive set of seismic
monitoring stations as close as possible to the sites of suspected explo-
sions,

Second, we have studied the differences between the seismic signals
from explosions and those from earthquakes and we have found that.
while we can distinguish the two in many circumstances, we believe
that there will be a significant residunm of seismic signals above some
level whose origin we will not be able to establish unambiguously.

And third, we have assessed the possibility of a violator's continning
nuclear weapon developments without the detection or identification
of his activities. We find that nuclear explosions at militarily signifi-
cant yields could be successfully concealed from available national
means of verification.

Since reaching these conclusions, the Department of Defense, in
cooperation with other interested agencies such as the Atomic Energy
Commission and the Arms Control and Disarmament Agency. has
contimued its research program to attempt to push back the techni-
al frontiers involved in the above conclusions and narrow or. hope-
fully, eliminate the gap between our capability and our requirement
for verification. We have done this by undertaking:

The installation of new seismic instrumentation around the world :

Continuing research on the theoretical understanding of the nature
of earthquake and explosion sources:

Continuing empirical studies of the differences between earthquakes.
and explosions:

A new and vigorous program to improve the processing of seismic
data and its exchanee within the international seismic community ;

The development of techniques for anthenticating seismic data from
unmanned stations:

Advanced seismic signal-processing techniques for “seeing through”
the attempts of a violator: and

Development of techniques for nonseismic means of verification.
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VERIFICATION ISSUE: ONSITE INSPECTION

With the inadequacies inherent in the seismic verification tech-
nique, and which are likely to persist in any future seismic system, it
is necessary to supplement this technique with other verification
modalities. Chief among these is the concept of inspecting of the
site of an unidentified seismic event. The required procedures for an
onsite inspection would vary greatly, depending on the nature of
the ambiguity to be resolved. In the vast number of cases, the seismic
event would in fact. be an earthquake, and an examination of the
region would either verify that fact or at least turn up no evidence
of nuclear testing. After an extensive research program we have
found that by far the most effective techniques for such an inspec-
tion are visnal inspection and radioactive gas samplings.

The fact that several earthquakes per year have seismic charac-
teristics resembling those of explosions gives rise to a second and more
serious canse for inspection. Such events represent false alarms and,
if unresolved, in the course of time would erode the confidence of the
signatories of the treaty.

Another type of false alarm that could be resolved by an onsite
inspection is that of the nuclear or nonnuclear nature of clearly estab-
lished explosive events. It is common to utilize chemical explosions of
several kilotons in construction projects. Radioactive gas sampling at
or near the site of such an explosion would be particularly helpful in
establishing that a nueclear device had not been employed, although
other verification procedures could possibly be arranged also.

Finally, there is the possibility that an ambiguous seismic event
is a nueclear test and that, despite the most careful attempts at con-
cealment by the violator, the activity has been detected by a monitor-
ing network. An inspection of the site yielding positive evidence, or
the mere possibility of such an inspection, would clearly force a res-
olution of the security issues involved,

Because of the critical role that onsite inspections can play in each
of the above examples, we believe they also constitute a major deter-
rent to a would-be violator of a comprehensive test ban treaty. They
are also a necessary adjunct for adequate verification.

DEFENSE DEPARTMENT POSITION ON SENATE RESOLUTION 67

Mr. Chairman, in view of the above, let me summarize the DOD
position on Senate Resolution 67 :

We believe that adequate verification is an essential requirement
for a cessation of nuclear weapon testing ;

The present U.S. verification ¢ qnhlht\' is inadequate;

Through international negotiations and also bilateral negotiations
with the Soviet Union, we have not yet been successful in nhta‘.lnm;:
adequate verifiecation eapability; and

In our view Senate Resolution 67, by tacitly accepting the Soviet
position on national means at the outset, would actually weaken the
present U.S. position in attempting to negotiate the required verifi-
cation « l[)d])l]lh’

For these reasons, the Department of Defense does not support this
Senate resolution. Thank you, Mr. Chairman.
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Senator Humerarey. Thank yon very much.
WITNESS' REFERENCE TO “IMMEDIATE MORATORIUM

Dr. Foster, in your comment you have noted that the resolution calls
for an immediate moratorium on underground nuclear testing.

Dr. Foster. Yes, sir,

Senator Humpnrey. And then pending negotiations for an inter-
national agreement. As a cosponsor of that resolution I thought it
called upon the President to propose an immediate suspension. Do you
see any meaningful difference ?

Dr. Foster. At this stage, Mr. Chairman, it seems to me that the
action is in the Senate.

Senator Humenrey. Pardon me, would you repeat what vou said ?

Dr. Foster. 1t seems to me, Mr. Chairman, I was saying the action
is in the Senate. The Senate has a resolution.

Senator Husmrarey. Yes.

Dr. Foster. And if the resolution passes, then it is a matter for the
President to decide,

Senator Case. That is not quite the question you asked.

Senator Humpnrey. The resolution reads: “It is the sense of the
Senate that the President of the United States should propose an
immediate suspension on underground nuclear testing to remain in
effect so long as the Soviet Union abstains from underground testing.”

That is rather similar, is it not, to what President Eisenhower did
back in the late fifties?

Dr. Foster. Yes,

Senator Humenrey. And also what President Kennedy did just
prior to the Limited Nuclear Test Ban. In fact it goes further than
what President Kennedy did because President Kennedy took uni-
lateral action. My question was to the effect that sinee the resolution
reads that the President is requested to propose an immediate suspen-
sion, do you see this as a meaningful difference between what your
testimony seems to indicate, that the suspension was automatic?

Dr. Foster. I was trying to indicate, Mr. Chairman. that at this
moment it is not, as I understand it, the sense of the Senate. If it
passes it would be the sense of the Senate.

Senator Humpnrey. For the President to propose.

Dr. Foster. Yes, sir.

Senator Humerrey. But your statement reads “This resolution calls
for an immediate moratorium on underground nuclear testing.”

Dr. Foster. I believe, Mr. Chairman, that the language is a little too
loose and it should be cleaned up.

Senator Humeurey. In other words——

Dr. Foster. I would be pleased to clean it up.

Senator Humenrey. In other words, your testimony——

Dr. Foster. I overdrew the situation.

Senator Humpurey. Yes, thank, you.

JOINT CHIEFS POSITION REGARDING COMPREHENSIVE TEST BAN

What is the position of the Joint Chiefs in regard to a comprehen-
stve test ban? Does it differ in any way from the statement that you
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have made here today ? Could you present the specific position of the
Joint Chiefs?

Dr, Foster. To my knowledge, Mr. Chairman, the Joint Chiefs do
not support the Senate Resolution 67. The Joint Chiefs would, of
course, abide by any deecisions made by the President.

Senator Humreurey. Obviously, they would, he is the Commander
in Chief.

Dr. Foster. That is correct, sir,

Senator Humenrey. But 1 was wondering what their recommenda-
tions were. What have the Joint Chiefs recommended to the Depart-
ment of Defense? Quite obviously the Department of Defense is stat-
ing the position of the President, 1f I am not mistaken.

Dr. Foster, That is correct, sir.

Senator Humpurey. Yes.

Dr. Foster. I do not know of the detailed position of the Joint
Chiefs with regard to the President’s position.

The Joint Chiefs would be looking at the relatively narrow issue of
military capability in the out years that is involved in such a decision.
However, the President has to look at a far broader range of issues.

[ A position statement by the Joint Chiefs of Staff has been received
in elassified form and is in the committee files. |

Senator Case. I am sure that is true, if T may interrupt.

Senator Husmpnrey. Go ahead.

Senator Case. But the Joint Chiefs don’t only have to look at the
question of whether we might gain anything. I am sure they have some
breadth in their vision.

Dr. Foster. Well, certainly, Senator Case, what I indicated was my
understanding that the Joint Chiefs do not support this particular
resolution——

Senator Case. I understand.

Dr. Foster [continuing]. Discussed here.

Senator Humenrey, Do they support a comprehensive test ban'

Dr. Fosrer. That T do not know in detail, Mr. Chairman. I think
one of the things that the Joint Chiefs would have to review would
be the specifies of a test ban and, in particular, the degree of confi-
dence we would have in the monitoring of such an arrangement. Those
have not been spelled out and, consequently, to my knowledge, the
Joint Chiefs have not rendered a position.

Senator Humrenrey. In your testimony you say, “Let me say that
the U.S. policy supports a comprehensive nuclear test ban adequately
verified in order to limit the escalation and proliferation of nuclear
weapons.

My question was not directed toward the resolution as such. The
question is: Do the Joint Chiefs support the comprehensive test ban
and/or to put it another way. can the subeommittee conclude that
the Joint Chiefs see no military requirements that would necessitate
delay in achieving a comprehensive test ban?

Senator Case. Adequately verified.

Senator Humenrey, Under the terms of the resolution.

Senator Case. Yes.

Dr. Foster. Let me put the whole thing then in a different light.
The position of the President is one of support for a comprehensive
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nuclear test ban that is adequately verified. T have stated that the
Joint. Chiefs support the position of their Commander in Chief,

Senator Huoaenirey. Go ahead, Senator,

Senator Casp. You mean as a general proposition.

Dr. Fosrer. Yes, sir, as a general proposition.

Now, what T tried to carefully point out——

Senator Case. What we would like to know is whether they would
be for this if they were making the decision.

Dr. Foster. T think it depends very much. sir, on the details——

Senator C'ase. Yes, assuming adequate verification.

Dr, Foster [continuing]. Worked out and what one considers ade-
quate verification.

FEELINGS OF JOINT CHIEFS ABOUT COMPREHENSIVE TEST BAN

Senator Case. Do you have any knowledge as to how they feel
about this thing, assuming adequate verification ¢

Dr. Foster, I do know they support the position of the Commander
in Chief.

Senator Cask. As a technical matter or as a matter of loyalty to
the Commander in Chief?

Dr. Fosrer. They support the President’s position. at least in the
terms of their understanding of what would constitute adequate
verification.

Senator Case. In other words, they are not trying to stop a compre-
hensive test ban treaty.

Dr. Foster. Not to my knowledge, Senator, no.

Senator Case. Thank you, Mr. Chairman.

ADEQUATE VERIFICATION SYSTEM

Senator Humenrey. What do you think makes up an adequate veri-
fication system because I have been hearing for years arguments about
an adequate verification system. As was said here a few months ago,
there was one time we were talking about 200 of the so-called black
boxes stationed inside the Soviet Union. Then we used to argue about
how many onsite inspections ; you remember when we talked about 18
and 15 and 12 and then we argued about whether we could get by
with 5. This language of an adequate verification system 1s the whole
ball game, What is your judgment, Doctor ?

Dr. Foster. 1 think you are quite correct, Mr. Chairman. We have
argued over a range of conditions. My view is that looking backward
we were too naive to be so specifie.

Senator Humpngey. In the past you mean.

Dr. Foster. In the past.

Senator Homeurey., Yes.

Dr. Foster. Tt seems to me that perhaps we are doing just the right
thing now. We have a vigorous experimental program that I described
very briefly in the statement. and I would hope, through that effort,
we might understand the situation well enough to be able to come to
arips with this issue. It is a very difficult one, and T don’t believe it
can be resolved by simply deciding which set of numbers the Soviets
might accept or not accept. What is at issue here is some risk to our
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national security, which we might well be willing to run. The question
is one of determining just what degree of verification we might have
under some conditions and what risk would be associated with those
specific conditions.

SOVIET SUSPICION OF UNITED STATES

Senator Husenrey. Wouldn't you presume, too, that the Soviet
Union might be a bit suspicious of us?

Dr. Foster, I think there is always that situation, Mr. Chairman.

Senator Humenrey. We assume that we are right on top of the
table here, clean and aboveboard, but when we have seen some of
the activities of counterespionage and Central Intelligence Agency,
et cetera, it must be that there may be some suspieion in their minds
as to whether or not we would be coneealing something.

MILITARILY SIGNIFICANT YIELD

What do you consider to be a militarily significant yield ? You spoke
of the possibility of successful concealment of militarily significant
yields from detection by national means of verification.

Dr. Foster. In my view. Mr. Chairman, a kiloton is a very signifi-
cant yield. Now. T will admit there are some cases where a half-kiloton
can be very significant or a quarter of a kiloton. But certainly T know
from my experience that a kiloton is a very significant yield from a
military point of view, Cllearly, as one raises the level above that, the
number of possibilities that are included grows and so does the
significance.

Senator Homenrey., Senator Case, do yvou have any questions?

WILL VERIFICATION ARRANGEMENTS EVER BE ADEQUATE?

Senator Case. 1 just wonder how far ahead in time that puts the
possibility of any kind of verification arvangements that you might
regard as adequate.

Dr. Fosrer. I think. Senator Case—

Senator Case. Half a kiloton is a little further than anybody can
talk about.

Dr. Foster. Tt seems to me, Senator Case, we are really up against
two trends here which, in many ways. are quite unfortunate.

Senator Case. Yes. T know.

Dr. Foster. The first trend is that the technology of detection and
identification seems to be driving the identification limit to lower and
lower values. At the same time, the pursuit of a vigorons underground
test ban in support of the safeguards of that treaty has driven up the
significance of smaller and smaller vields, and in this issue of cessation
of all nuclear testing we are caught between the two.

Senator ("ase. Do vou think the lines will ever converge or is there
no light at the end of the tunnel, to mix a few metaphors?

Dr. Foster. Sir. we cannot know.

Senator Case. Or will there always be light at the end of the tunnel ?

Dr. Foster. We can’t know, but T think there always will be light.

Senator C'ase. In other words, we will never get to where we are
ooing.




92

Dr. Foster. I believe that no one can be sure whether there will be
means acceptable to both sides that will permit us to so reduce the
level at which you cannot identify things as to make it meaningless;
and no one can rule out that there may be other factors so st rongly in
favor of terminating such underground activity that we would not run
larger risks in the future. We simply cannot know.

Senator Case. From the standpoint that you have in mind—and
again I am not badgering you at all, but just trying to find out really
what is on your mind—if this is your general view. don't you think vou
are wasting a lot of time even in pretending that you are concerned
about developing some kind of a system, because you are not going to
do it in your lifetime.

Dr. Foster. There is no way we can foresee whether or not it will
happen in my lifetime or next year, Senator. T don’t believe we are

wasting our time or our efforts.

WITNESS' P ISITION ON COMPREHENSIVE TREATY., ASSUMING
COMPLETE OPENNESS

Senator Case. Assuming complete openness, say as much openness
as we would be willing to grant to an international inspection system,
would you still be against a comprehensive nuclear test ban treaty?

Dr. Foster. Well, T would like to think about this a little more. Sen-
ator, but it seems to me that, if the Soviet Union and other nations
that test were willing to open their countries to inspection, to the
degree that the United States might find acceptable, it might well sat-
isfy the criterion for adequate verifieation.

Senator Case. Would you be willing to have us open this country
to that degree of inspection ?

Dr. Fosrer. That involves things which are well beyond my author-
ity and responsibility.

Senator Case. I am not asking you for your authority now, I am
asking for your opinion.

Dr. Foster. For what it is worth, yes, I think T would.

Senator Case. Well, it is something. It starts somewhere,

Dr. Foster. Yes.

Senator Case. And, T take it, your general view is that assuming a
treaty or a test ban agreement verified to the degree which you would
permit in the United States, such a treaty would not be undesirable.

Dr. Foster. Yes, I think so: I agree with you.

Senator Case. Thank you, Mr. Chairman.

INSPECTION BY SATELLITE

Senator Husrenrey. Just a few more questions, Dr. Foster, becausc
you are a very well-informed man and highly regarded. You say the
most effective techniques for inspection are visual and radioactive as
samplings. Could this kind of inspection be carried out by satellite?

Dr. Foster. No, sir; it could not.

Senator Humperrey, Not at all.

Dr. Foster. All of our national means permit one to narrow down
the problem but none seems adequate to take the place of onsite
inspections.




093

Senator Humenrey. If I divided that question, could visual inspec-
tion be adequately performed by a reconnaissance satellite?

Dr. Fosrer. I believe, Mr. Chairman, that onsite visual inspection is
required.

Senator Humenrey, It is required.

Dr. Foster. Within all other national means there is not adequate
capability.

Senator Humrurey., Don’t we rely on reconnaissance satellite in-
spection for some very, very important developments that we are try-
ing to monitor within certain parts of the world ?

Dr. Foster. Mr. Chairman, we rely on our total national means, and.
as you well know, within that total national means we find a number
of cases where our capability is inadequate.

Senator Huaenrey. So that your professional judgment is that there
is no substitute for onsite inspection.

Dr. Foster, That is my judgment, sir; yes.

RADIOACTIVE GAS SAMPLINGS BY AIRPLANE

Senator Humpenrey. On radioactive gas samplings, we have done
this by airplane ; have we not?

Dr. Fosrer. Yes, sir; we have.

Senator Husmenrey. What was the nature of those explosions that
we monitored or tested in that way? Were they underground?

Dr. Foster. Normally, Mr. Chairman, they are explosions in the
atmosphere,

Senator Husmenrey. In the atmosphere.

Dr. Foster. And, as a consequence there are enormous amounts of
radioactivity released.

In the case of an underground test, one looks for the seepage of a
minute amount by comparison, so it is not possible to do it from air-
craft even if one could overfly the site.

Senator Humenrey. Yes. All right. T thought we would get your
testimony on record on this because there are obviously very different
types of explosions at different levels. We have used in the past, as we
know, the airplane sampling of radioactive gas to detect chemical com-
position of a bomb, including its covering. But we are talking now
about a comprehensive test ban in which it has to be assumed that
someone might practice intricate methods of concealment.

Dr. Foster. Yes; that is correct.

LIKELIHOOD OF ANYONE ATTEMPTING VIOLATION OF AGREEMENT

Senator Humrenrey. The question therefore comes, Would the Soviet
Union or the People’s Republic of China, or anyone else, run the risk,
presuming that a negotiation took place and an agreement were signed,
of breaking that agreement through some type of concealment of
explosion?

Dr. Foster. 1 do not know.

Senator Humrenrey. What is your judgment? All of these things
are rather subjective.

Dr. Foster. 1 go back, Mr. Chairman, to the situation from 1957 to
1961 when as far as I know. evidence of any Soviet preparations for
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the resumption of nuclear tests was totally lacking. In this country.
by comparison, there was great concern lest we cause any other nation
to feel that we were getting ready to perform nuclear tests. We were
taken by surprise. The Soviets tested in the atmosphere without a shred
of evidence that we could see that they had prepared for it. So elearly.
in this aspeet, the two countries are dissimilar. So I think there is
really a likelihood that they would attempt a violation.

Senator Husmpurey. That was not an agreement. That was a uni
lateral decision by President Eisenhower. at best a gentlemen’s agree-
ment, with no binding words and treaty or formal document. Do we
have any evidence that the Soviet Union has violated formal agree-
ments that relate to the postwar period of defense ?

Dr. Foster, I think, Mr. Chairman, that is a question that properly
should be directed to Mr. Farley.

Senator Humrnrey. Do you know of any. since you are a very well
respected specialist in the field of nuclear encrgy ?

Dr. Foster. I know of no treaties associated with nueclear energy
that the Soviets have violated.

HELPFULNESS OF STANDING COMMISSION TO DETERMINE VIOLATIONS

Senator Huspenrey. There has been some talk, if you entered into
an agreement, about having a standing eommission, international
body, that could be ready and available, in case there was a complaint
or a claim of violation. to move in at once to determine whether or
not the violation had taken place. Do you think a standing commis-
sion could serve the purpose of forcing resolution of questions that

arise? Do you think a standing commission would be helpful ?

Dr. Foster. I certainly think a standing commission would be very
helpful, Mr. Chairman. It would not adequately compensate for onsite
inspections.

OTHER AGREEMENTS WITHOUT ONSITE INSPECTION

Senator Homearey. We have a Biological Warfare Convention
and a SALT treaty and an agreement, all agreements without onsite
inspection. Those are very important treaties. Why do you believe it
is necessary in the case of the comprehensive test ban?

Dr. Foster. Simply because of the verification issue, Mr. Chairman.

Senator Humenrey. You don’t believe there is any concern that we
should be worried about verification of biological warfare preparation
or the ABM treaty, and the limited treaty on offensive nuclear weapons.

Dr. Fosrer. Mr. Chairman, as you know. T have testified in the past
that I considered the national means adequate in the case of the
SALT T treaty.

BASIS OF DIFFERENTIATION CONCERNING ONSITE INSPECTION

Senator Hoarenrey. You differentiate here. Ts that it? What is the
basis of your differentiation ? T want to get your professional judgment.

Dr. Foster. The difference, Mr. Chairman, is simply in the verifica-
tion capabilities.




ADEQUATE VERIFICATION

Senator Homeurey, We have gone over the issne of what you would
consider adequate verification. I gather that you have not specified
except to say onsite inspection.

Dr. Fosrer Mr Chairman, it seems to me that the number of onsite
inspections is tied rather intimately to the number and conditions
associated with the remote monitoring stations, and, until one ties
those two together in some detail, I don’t think it is meaningful to
quantify,

CURRENT EFFORTS TO UPGRADE SEISMIC MONITORING NETWORK

Senator Husprrey. This brings us to Dr. Lukasik, who is obviously
responsible for the research program which is underway on the im-
provement of verification, seismic technology. Am T correct?

Dr, Lukasig. That is correct, Mr. Chairman.

Senator Humrnrey. Would you give us a brief deseription of the
current efforts on the part of your agency and other government
agencies to nupgrade seismic monitoring networks and how ood could
the best possible seismic monitoring system be if the latest advances
were put to use ! In other words, what you now know could be applied
with the mechanical instrumentation that is needed.

Dr. Lukasik. Well, let me first deseribe what we are doine and then
return to the second part of your question. Our research program has,
of course, been underway for over 10 years. We have installed seismic
stations around the world. We have 116 stations in the so-called world-
wide standard seismograph net which is a fundamental contribution
to the state of the art.

Senator Case. Since what time, Doctor #

Dr. Luxasrk. That was a program that started in 1960.

Senator Case. Yon mean during that period.

Dr, Lukasik. During that period of time.

Senator Cask. The reason 1 ask is that T understand within the last
year or so there has been a rather substantial——

Dr. Lukasik. Yes: I just wanted to put our activity in perspective,
We have done a great deal to develop the science of seismic arrays:
largely because they have directional characteristics and, hence, enable
you to separate the signals from one direction as against signals from
another, this is quite fundamental to the whole issue of how many un-
identified events yon event nally have to deal with.

The array program culminated in the late sixties in the establish-
ment of three large arrays, one in Montana. the large station in Norway
that was mentioned earlier today by Mr. Farley. and another large
array in Alaska. We have also undertaken a ereat many automatic
signal processing and signal analysis studies. since these stations pro-
duce a great deal of information and one must, of course. be able to
analyze it sensibly and quickly.

MOST RECENT EFFORTS TO UPGRADE SEISMIC MONTTORING

The most recent efforts that you asked about are in a series of pro-
grams, one actually going back to 1970, where we installed about 10
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stations of very superior long-period capability. As you know from
your study of the problem, the matter of surface waves, which are
ong-period waves and require instrumentation sensitive to them, is
crucial to the seismic identification problem. There was a significant
improvement. in our ability to make instruments of this sort, so we
decided to deploy them in order to exploit their possible contribution
to improving our ability to identify seismic events.

More recently we have undertaken to install three long-period arrays
in three different countries in and near the seismic areas of the Earth :
that is where the problem is, where the events that one must distinguish
arise. Plans for those installations are underway now.

Senator Case. Is their location a security matter?

Dr. Lukasik. We have not completed negotiations with all of the
countries involved, so T think it would perhaps be inappropriate to
comment further at this time.

In addition, the worldwide standard seismograph net was installed
at the inception of our program. Since that time, we have learned a
great deal, how to upgrade those stations, how to make them better.
They were very good stations when they were installed, better than
anything then available; but in 10 years one obviously learns things.
Now we are undertaking to npgrade about 15 to 20 of those stations
again, in various countries around the world, largely located in the
seismic regions of the Earth. In particular, we are installing improved
long-period instruments, because we nnderstand that this really is an
important. part of the identification problem, both to do the research
and eventunally to be able to do that identification in a monitoring
sense.

Finally, we have been studying the question of unmanned seismic
stations, with the intention of developing the technology that might
be appropriate to that type of station.

That is the essential nature of our ongoing programs.

WHAT ONE MIGHT DO ULTIMATELY IN SEISMIC MONTTORING

Returning to the second part of your question: namely, what might
one do ultimately, this is, of course, much more diffiecult because we
are dealing with something that we haven’t built and have not worked
with; we are dealing with the next step after our current program.
We do know, from our theoretical studies of earthquakes and ex-
plosions, as well as the growing body of data we are accumulating,
that the identification techniques should be available.

We think that earthquakes and explosions actually are different at,
for example, magnitude 4.0 and that if we had appropriate instru-
mentation we should be able to deteet those differences.

The issue really is not how well you do in general but under what
circumstances you fail to identify seismic events. There are a number
of circumstances inherent in the science of seismology and wave
propagation in the earth that seem to indicate, as far as we know today.
that one simply cannot build a perfect system.

Let me refer to two specific circumstances: In the first place, there
1s the matter of the mixing of the events, Earthquakes occur fre-
quently above magnitude 4.0 worldwide. There are at least 10.000
earthquakes a year, and they all generate short-period and long-period
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waves. Because those wave trains persist for reasonably long periods
of time, when you are interested in one particular event. it is quite
possible that the waves from another event will arrive at the same time
and will confuse the record so you will be unable to read it. Clearly,
if you can do signal processing you can improve that situation, and
this, in particular, is the reason for arrays. Long-period arrays are
especially important in this respect insofar as our program is con-
cerned. But there are times either when two earthquakes ocenr fairly
close together and their wave trains arrive at all seismic stations at
about the same time, or because they come from two points not very
far separated in space, that the job is very difficult, and there is a
limit to the degree to which signal processing can help to sort them out.

Now, just how often that happens and how serious a risk that entails
18 something that we are determining in our program.

The second circumstance is the problem of uncertainty that we have
with us today. It is not clear that it is as fundamental an issue as
the mixing problem, but it is something that we do not understand
at this time. This is the matter of so-called anomalous events. These
were noted in Dr. Foster’s statement. There are some earthquakes
that look like explosions; that is, their long-period surface-wave
amplitudes are more characteristic of explosions than of earthquakes.
This can arise from a variety of circumstances, most of which we do
not fully understand. These earthquakes are typically shallow-focus,
low-magnitude events that are simply poor generators of the long-
period waves that we use to make the identification. In that circum-
stance, when there is a seismic event and we deteet. it, it will be located
and will look like an explosion. Such events are the subject of an
important part of our research program: to experimentally measure
such events and see whether we can detect anything unusual about
them and also to conduct theoretical analyses to understand earth-
quake mechanisms and see why they oceur.

IMPACT OF 1 KILOTON WARHEAD ON RICHTER SCALE

Senator Case. T don’t want to interrupt you, but T have to leave
and there is one question T wanted to ask.

Dr. Lukasik. T was essentially at the end of a long and complicated
technical answer.

Senator Case. We are all interested in what in your judegment is on
the impact of, say, a 1 kiloton warhead on the Richter seale. T know
you have to qualify your statement as to the type of material and
the depth.

Dr. Lukastk. What is the military significance?

Senator C'ase. No. what is the impact measured in terms of the
Richter scale of a 1 kiloton warhead, for example.

Dr. Lukasi. Well, such an event or such a device detonated in hard
rock produces about a magnitude 4.0 signal, essentially at the limit of
a teleseismic network’s detection capability.

Senator Case. And another material it ‘would be less, T take it.

Dr. Lugasik. It would be even smaller than that. In a low conpling
medium such as tuff, the signal would be roughly a third that of the
hard rock seismic signal. ;
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Senator Case. The depth of the explosion would have some effect ?

Dr. Lukasik. No, for the range of depths at which one would
normally drill to emplace a device, the depth has very little effect on
the size of the signal.

Senator Case. This, of course, relates to what Dr. Foster said about
the military importance of small explosions.

Dr. Luxasik. That is correct.

HALF KILOTON IN TERMS OF RICHTER SCALE MEASUREMENT

Senator Case. What about a half kiloton in terms of the Richter
scale measurement.?

Dr. Lukasik. Well, at a half kiloton, even in hard rock, one is gen-
erating signals that are below the magnitude 4.0 number that I men-
tioned, which I think is a reasonable limit to which we can expect a
teleseismic network to reliably perform—something in that magnitude
range.

Senator Cask. Is this from the standpoint of detection, identification.
or both?

Dr. Lukasix. The problem is that there is a fundamental physical
limit here, and that is the matter of earth noise. This is not something
that can be pushed to arbitrarily low magnitude because at some
point—somewhere below magnitude 4.0, perhaps around magnitude
3.7—there are crustal vibrations, small motions continuously occurring
in the Earth, caused by everything from wind and distant earthquakes
of small magnitude to cultural noise. At some point, the signals are
much smaller than this noise that no amount of signal processing or
elaborate seismic instrumentation enables you to monitor a region from
stations outside the territorial limits of a large country,

Senator Case. Half a kiloton is below that, in your opinion ?

Dr. Lukasik. Yes, even in hard rock. If one were to explode a half
kiloton in either soft rock like tuff or alluvium, in which the signals are
even smaller, the signals just drop out of the picture insofar as monitor-
ing is concerned.

Senator Case. Thank you.

NOTIFICATION CONCERNING UNDERGROUND TESTING

Senator Humpnrey. We could ask you many more questions but the
time is running along. The thing is that today we have the limited test
ban treaty and we are permitted to have underground testing. Do we
give notification to anyone when we make underground testing, Dr.
Foster?

Dr. Foster. Mr. Chairman, we give no notification routinely. For
the higher yield events. of course, there is considerable advance
notification.

RISK OF TESTING WITH OR WITHOUT TREATY

Senator Humprarey. So, therefore, insofar as the amount. insofar
as testing is concerned, the risk of testing with the comprehensive test
ban treaty, even if the testing was an evasion of the terms of treaty,
would be no greater than the risks that are currently present with our
legal underground testing, isn’t that a fact?
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Dr. Foster. I think, sir, the question really is only one of potential
asymmetry.

Senator Homrernrey. Would you mind explaining that to a layman
a little more prec risely ?

Dr. Foster. Certainly. Ours is a relatively open country.

Senator Humenrey. Right.

Dr. Foster. The Soviet Union is not. So the concern over verifica-
tion has to do with the fact that we do not know as much of what is
going on in the Soviet [Tnion as they do about ours.

Senator Huarenrey. Yes, I understand that.

Dr. Foster. The whole issue then just turns on verification.

Senator Huarenrey. But the point is that the Soviet Union could be
doing a hundred underground tests a year if they so wished.

Dr. Foster. Certainly.

Senator Huaenrey. There is no treaty that governs underground
testing ; so there is no way that you could accuse the Soviet Union of
violating any agreement. The only thing you can aceuse them of is
excessive testing. We could be doing exactly the same thing.

Dr. Foster. That is right.

Senator Husenrey. Now my point. is, if the President were to pro-
pose an immediate cessation of all testing pending a negotiated agree-
ment that would have binding effect as international law, would he be
any worse off than we are presently ?

Dr. Foster. Yes,sir, I believe we would.

Senator Huaenrey. Just tell me why.

Dr. Foster. We would surely forgo the benefits of underground
nuclear testing. The Soviets would forgo some, hopefully some, of
their current program. But those crucial ones at low yield or higher
vields they may not forgo, that would give them a unilateral advan-
tage.

Senator Humreurey. I wanted to pose the question to you to get your
views on the record, because, as you know, some people have indicated
the proposition that T have just stated. I think it is proper that we get
your scientific and professional comment on it.

SHOULD MORE SEISMIC RESEARCH BE DONE?

Just a question that was brought to my attention, Doctor Lukasik.
In testimony on the fiscal year 1973 budget, I have been informed that
you had said that seismic monitoring Tunds were bei sing ent because
seismic monitoring was a successfully completed area of past emphasis.

What is your position now in support of seismic research? Should
more be done if we are serious about moving toward a comprehensive
test ban?

Dr. Luxasi. Well, originally our research program had the job of
studying the problems in order to tell the political decisionmakers
what the risks were, what the facts were, what was known and what
was unknown.

At the time that the fiscal 1973 budget was put together, it was our
judgment. in view of the many problems that required study by my
agency, that we could afford to do much less in this : area. At that time
it was our hope that what we had learned about seismie instrumenta-
tion could be capitalized on by other people to deploy the sorts of in-
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strumentation that were necessary to do monitoring. Along the way,
one would at the same time, of course, study the research problems and
continue to learn more about them.

At the same time it became clear that there was a great deal of in-
terest in the subject that the answers that had been produced were not
adequate as the basis of the kind of national security judgments that
were involved; therefore, we were asked to continue our research
program.

We pointed out that this would require the deployment of another
generation of seismic equipment, the sort of equipment that I was dis-
cussing earlier. Therefore, we have continued our work in deploying
this instrumentation, intending to learn more about the problem and
to resolve further the seismie verification issues.

COMPARATIVE BUDGETS FOR FISCAL YEAR 1974 AND FISCAL YEAR 1973

Senator Homearey, What is your budget estimate for fiscal 1974 as
compared to fiscal 1973 ¢

Dr. Lukasrk. We have increased this program by 40 percent. We
have gone from $10 million to $14 million.

Senator Homenrey. Is that for research or is that for the equip-
ment that you are placing about in different parts of the world?

Dr. Lukasik. That includes both the research instrumentation and
the study phase of the research program. The instrumentation amounts
to some $3 or $4 million.

Senator Humeurey. You say about a 40-percent increase in your
budget. Is that correct?

Dr. Lugasik. Yes, in this area of the DARPA program.

Senator Husmrernrey. How much increase in research funds? T want
to separate instrumentation, location, placement, all the costs that go
into the instrumentation. How much in research ?

Dr. Lukasik. The instrumentation to obtain research data that I dis-
cussed is about $3.4 million, so the remaining research is some $11
million, the difference between $14 and $11 million.

Senator Humerarey. How much research funds did you have in fiscal
19737

Dr. Luxasik. We had essentially the same level of research funding.

Senator Humerrey. How much in salary increases have you had to
take on since then ?

Dr. Lukasix. Well, this is all contract research, We don’t keep track
of specific salary increases.

Senator Humpurey. 1 see.

Dr. Luxasik. Each year it costs a little more to do the same amount
of research. Hopefully one becomes a bit smarter and gets the same
amount of research done for each dollar.

Senator Humenrey. Hopefully.

IMPORTANCE OF MAINTAINING RATE OF RESEARCH
IN BEISMIC AREA

I am very worried about the Federal Government research budget.
That is why I am asking you these questions. I think it is terribly
important that the rate of research in this area be maintained at a
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level that peers into the future, so to speak. I mean so that you can
do the kind of things that need to be done. It is one thing to apply
the research now, as you are with your instrumentation packages, so
to speak. But the same level of research funds for fiscal 1974 is not
very encouraging to me.

Dr. Lukasik. That certainly is a problem of great concern to me
also, Mr. Chairman. Where it is particularly difficult is not so much
on a year-to-year basis but over the long term, over a 5- or 10-year
period in which inflation of costs does constitute a serious erosion
of the level of scientific effort that one can apply to any problem.

Senator Humenrey. Dr. Foster, will you be testifying before the
Appropriations Committee?

Dr. Foster. Yes, Mr. Chairman, T will.

Senator Hustenrey. I know what the ground rules are when a mem-
ber of the executive branch testifies before these committees, and 1
don’t expect you to break those rules, But in case you are asked a
question about the adequacy of research funds, particularly in this
seismic area, and in the whole area of monitoring of nuclear explo-
sions. I hope that you will give a professional judgment as well as a
OMB judgment. I do not consider OMB to be always professional ex-
cept as accountants. I know they have a job to do, but I wanted to be
sure that we have your professional judgment because I respect it, on
the one hand and, second, T think it is going to be very much needed if
we are going to proceed even with SALT IL. I mean the whole pro-
gram of SALT I1 is involved in a lot of things that you are doing.

We are through here. We thank you for your patience and for your
participation.

This afternoon at 2:30 the committee will reconvene with Ambas-
sador Harriman, Dr. Scoville, and Dr. Panofsky.

[ Whereupon, at 1:00 p.m., the subcommittee was recessed until 2 :30
p.n. of the same day. ]

AFTERNOON SESSION

Senator Muskie, The committee will be in order.
COMMENDATION OF WITNESS

[ think it is appropriate that we should begin the afternoon session
with a distinguished witness who has been a participant in so many of
the great events of our time going back to the time when T was a col-
lege student. This man was a key figure in the development of the
Limited Test Ban Treaty, and has been close to the issues involved in
this whole subject of arms control for a long time.

I have had the privilege and the personal pleasure of being associ-
ated with him in ways that permitted me to observe how he operates
and how his mind works and how he forms judgments, and T can’t
think of a man whose observations on subjects of this kind will com-
mand more respect from me than Ambassador Harriman. T am de-
lighted that he is able to be here, and that he is ready to testify. T
must say that the television cameras missed the best part of the day as
far as I am concerned in not staying over from the morning session to
the afternoon.
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STATEMENT OF HON. W. AVERELL HARRIMAN

Mr. Harriman, Thank you, Mr. Chairman. If T may say so, I want
to congratulate you for your part in evolving Senate Resolution 67,
and I am grateful for this opportunity to testify in full support of this
resolution.

I support it both because it calls for action which I believe to be in
the interest of the national security of the United States—the negoti-
ation of a comprehensive nuclear test ban treaty—and becanse it pro-
poses a sensible way to get negotiations started to arrive at this
objective.

REASONS COMPREHENSIVE TEST BAN IN U.S. INTEREST

The reason T believe a comprehensive nuclear test ban to be in the
interests of the United States and of world peace is that it will be an
effective damper on the ever-existing temptation to develop new weap-
ons systems whether we need them or not—even whether they are dan-
gerous or not. A comprehensive test ban will be a logical followup to
the SALT agreements which, while limfing ABM’s and restricting
the number of certain offensive delivery systems, did not prevent a
quality race in weapons systems. A comprehensive test ban would not
only reduce vast expenditures on this dangerous arms race but prevent
the possibility of such a quality race leading to a breakthrough which
could upset the present balance. It would. of course. prevent the fears
of the possible development of weapons by the U.S.S.R. snitable for a
preemptive first strike—a development which would be dangerously
destabilizing. Tt would have the same effect on the United States, but
this would not be a disadvantage since we have stated time and time
again that we do not wish to develop weapons systems with this
capability.

The negotiation for a comprehensive test ban treaty is necessary
for the United States to live up to an international commitment of
great importance to the 17.S. efforts to obtain wide adherence to the
Non-Proliferation Treaty. As this committee is aware, the United
States in the Limited Test Ban Treaty, negotiated by President Ken-
nedy. pledged itself to continue negotiations to ban all nuclear w eap-
ons test explosions. This commitment was reaffirmed in the Non-Pro-
liferation Treaty, negotiated under President Johnson and ratified by
President Nixon. Thus, three administrations have undertaken this
commitment.

It is clear that other countries of the world take this commitment
of ours quite seriously. T have grave doubts that we can have any sue-
cess in persuading certain potential nuclear powers to consider seri-
ously the Non-Proliferation Treaty as long as we are condunetine an
extensive series of underground tests, ,

REASON GIVEN FOR INABILITY TO REACH AGREEMENT NOW INVALID

For many vears—since 1958 in fact—it has been aenerally accepted
that a comprehensive test ban wonld be in our national inferest. The
reason given for our inability to reach agreement on a comprehensive
test ban has been our inability to obtain agreement on onsite inspection.
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once thought necessary to verify such an agreement to prevent viola-
tion through clandestine testing underground. Whatever the merits of
such a reason 10 to 15 years ago, it is not, in my judgment, valid today.
In fact, in my opinion, anyone who continues to give this reason 1s
doing so, is simply doing so, in order to block any chance of a treaty
being negotiated. Mr. Chairman. _

Evervone knows the Russians will never agree to this. There are
many reasons for that, and I can explain it further if you wish, but
it is the job of the scientist to find ways and means of being able to
identify and to verify. with sufficient chance of success, the possibility
of any violation of such a treaty.

Forgive me for being so vigorous but this is something I feel very
deeply, Mr. Chairman.

REASONS FOR CITANGE 1IN POSSIBILITY OF ITAVING AGREEMENT

There are two major reasons for the change. the change in the
possibility of having an agreement today as against a few years ago.
The first reason results from the continued advances in the field of
detection and identification of underground nuclear tests by seismie
means and other national means of detection. T understand that this
committee will have direct testimony on this subject by qualified
scientific experts later this afternoon. T will limit my remarks to say
that T am advised by scientists whose judgment T have respect for that
our national capabilities have advanced to a point where the risks of
danger to U.S. security interests by clandestine underground tests
by the U.S.S.R. is very limited. in fact practically nonexistent. The
tests that might escape detection and identifieation would be quite
small, a relatively small fraction of the Hiroshima bomb and of
relatively little importance in their possible effect on the strategic
balance. Even with respect to tests of this size. there is suflicient un-
certainty so that a potential evader could never be sure that any
individual test would not be detected and identified.

The second reason results from the SALT agreements which pro-
vide that they will be verified by each side by national technieal means.
that neither side will interfere with the other national means of verifi-
cation. that neither side will use deliberate concealment to impede
verification. and that a standing commission will be established to
consider any suspicion that might arise concerning violation of the
agreement. These provisions are helpful in their own right in that
they assnre that U.S. satellite reconnaissance capability will not be
impaired and there is a good deal of evidence to indicate that the
satellite reconnaissance achieves more in certain respects than onsite
inspection. They ave also helpful as a potential model for similar pro-
visions in a comprehensive test ban treaty. While one can always point
to a possible residue of uncertainty. and incidentally, there were many
of them put forward to the Senate, if you will remember. in opposi-
tion to the 1963 Limited Test Ban Agreement, which has now proved
to be ridiculous and 1 am sure there are many of them going to be
put before you today in spite of that to point out some inconceivable
uncertainties, In my judgment. the risks of undetected violation in
the very low yicld range have been reduced to a point where they are
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outweighed many times over by the gains which would result from
the elimination of tests in the higher yield range and would contribute
in other important ways to the security of the United States from
such a treaty.

PROPOSAL FOR IMMEDIATE SUSPENSION OF UNDERGROUND NUCLEAR TESTS

I find the proposal in Senate Resolution 67 for an immediate sus-
pension of underground nuclear tests so long as the Soviet Union
abstains from testing, a practical way of getting negotiations off to a
good start. A similar action taken by President Kennedy in 1963 pro-
duced just such a result. On June 10, 1963, at American University,
President Kennedy, after having announced that high level talks on
a nuclear test ban treaty would soon begin in Moscow. made the
following statement :

To make clear our good faith and solemn convictions on the matter, I now
declare that the United States does not propose to conduct nuclear tests in the
atmosphere so long as other states do not do so.

This statement pushed off of dead center nuclear test ban negotia-
tions which had been going on for some 5 years. The Limited Test
Ban Treaty was agreed to in Moscow on July 26, 1963, less than
6 weeks later. This treaty truly started the era of negotiations be-
tween the United States and the U.S.S.R. The Nonproliferation
Treaty, the treaties banning the stationing of nuclear weapons in outer
space and on the seabed, and finally the Strategic Arms Limitation
Treaties were all made possible by this breakthrough. The world is
a safer place for it. In fact, Mr. Chairman, T think it would have been
a safer place if we could have had a comprehensive test ban at that
time, but there were Senators who made that difficult.

FIRST MAJOR ECOLOGICAL AGREEMENT

We should not forget also that it was the first major ecological
agreement. One forgets the fear that people had from the contamina-
tion of the atmosphere, It is no longer necessary, for instance, to with-
hold milk from children in some of the midwestern markets because
of radioactive iodine contaminating the feed given the milk cows. This
is a field also, Mr. Chairman, in which you have taken such an active
leadership. It was the first major ecological agreement, and T hope
we will use it, sir, as a guide to your efforts to further agreements
in this field,

“BARGAINING CHIP THEORY"

There are people, including some in high positions, who will oppose
our suspension of underground tests—even though conditioned upon
an exercise of similar restraint by the Soviets—upon the “bargaining
chip theory,” T put that in quotes. According to this theory any re-
straint on our part will deprive the Soviets of an incentive to nego-
tiate. According to this theory the only way to persnade the Soviets
to negotiate is to act as tough as possible. Announce a massive under-
ground test program, so these theorists say. and the Soviets will come
rushing to the bargaining table to try to prevent it happening,
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From my experience, I can say without qualification, I can say
this is just plain wrong. It (nlnphltl\ overlooks the fact that there
is a spectrum of offic ial opinion i Moscow—ranging from the hard-
liners to those who seek a negotiated accommodation in order to reduce
military expenditures for other priorities. In fact, it is very much
like the spectrum of official opinion in Washington, although the di-
vergent points of view are expressed (liﬁ't'ltntl} and the method of
resolution is also different. Everytime our hard-liners sound off and
demand hard-line positions, they strengthen the hand of the hard-
liners in Moscow and pull the rug out from the under those who argue
for negotiations. I can say even in Stalin’s day during the war, 1
was conscious of differing views in his Politburo on questions that
were still open for policy decisions.

SENATE RESOLUTION 67 INITIATIVE BEST WAY TO GET NEGOTIATIONS STARTED

The proposal in Senate Resolution 67 for the President to take the
initiative in suspending underground nuclear tests as long as the So-
viet Union shows similar restraint is, in my opinion, the best way
to get negotiations started in an auspicious atmosphere. President Ken-
nedy’s initiative produced strikingly favorable results a decade ago
and with the present atmosphere in Moscow similar action by Presi-
dent Nixon could well do so today.

HOW SO00ON TO BEGIN NEGOTIATIONS

There are, of course, important subsidiary questions, a number of
them. One is how soon to begin negotiations. As far as I am concerned,
the sooner the better. We have been discussing the problem for some
15 years and there is now, I believe, no good reason for further delay.
In fact, I would hope that it might be the subject of discussions be-
tween President Nixon and Secretary Brezhnev at their upcoming
meeting. I would even hope that Dr. Kissinger, who is going to Mos-
cow, we are told later this week, would prepare the way. If the two
leaders of our two countries could come to a basic agreement the de-
tails could be worked out very rapidly. It would be another fine
achievement for President Nixon in the international field.

WHERE NEGOTIATIONS SHOULD TAKE PLACE

Another question is where the negotiations should take place. T be-
lieve they should be in Moscow as they were in 1963. It was then pos-
sible for us to deal directly with Chairman Khrushchev and for Mr.
Gromyko, who handled our day to day discussions, to be in touch with
the top policymakers every evening. Soviet’s decisions were often
reached before the next day’s meetings. In other words, if we had a
disagreement, then Mr. Gromyko would come back the next day with
a solution, and in fact he was pressing us for decisions on our part
which were more difficult because of the difference in time.

As a result, our negotiations were concluded in less than 2 weeks,
Mpr. Chairman. They wanted us to get out of town. If you have high
level negotiators—we also had a Br itish mission headed by a me ‘mber
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of the government—it is a nuisance to have such high level groups
there and they pressed us because they wanted us to get out of town.
I would hope if there was a negotiation on a subject such as the com-
prehensive test ban where the basic considerations are so well under-
stood it could take place in Moscow. For other negotiations such as
the present diseussion in regard to SALT 11, it is another matter.
But, on the other hand, I would hope that those negotiations, which
are very important, could be pointed up to a few basie differences and
then they could be handled on a high level.

CHARACTER OF U.S8. DELEGATION

Now, another question is the character of our delegation. T am satis-
fied that the higher the level the more effective it will be. In obtaining
the SALT decisions, I understand that Dr. Kissinger’s personal ne-
gotiations played a major role in reaching agreement on the most
complex subjects. They occurred over a number of months. Also.
agreement was finally reached in Moscow, as you well know, between
the President and the Soviet leaders.

As Dr. Kissinger so wisely pointed out in his recent Atlantic speech.
in negotiations left solely to the experts “inevitable competitiveness . . .
will dominate the debate.” If you leave it to experts they will never
agree, Mr. Chairman. I say that with enormous respect for the experts.
These matters have got to be left to the political leaders of our Nation.
The expert ought to point out all the difficulties and actual dangers,
that is his job, he wouldn’t be doing his job unless he did it. but it is
for the political leaders to decide where the political, psychological.
and other advantages come to our Nation offsetting such risks as there
may be.

OTHER SUBSTANTIVE MATTERS TO BE DEALT WITH

There are other substantive matters that will have to be dealt with
such as the role of China and the future, if any, of peaceful nuclear
explosions. Solutions to these matters can be found if only meaningful
negotiations are commenced,

BENATE RESOLUTION 67 SUPPORTED

I wholeheartedly support Senate Resolution 67. I earnestly hope it
will be passed by a large majority, thereby encouraging the President
to take prompt action in accordance with its wise proposals. A compre-
hensive test ban treaty could not only save vast expenditures for other
urgent national needs but also contribute to substantially a safer world.

WHY RUSSIANS DIDN'T WANT ONSITE INSPECTIONS

Senator Muskie. Thank you very much, Ambassador Harriman, Tt
is an excellent statement, particularly in putting in perspective the
problems of negotiating with the Russians.

I don’t suppose there is any man alive in America today who has had
more experience over a longer time than you have had. You offered in
the course of your testimony to expand on the question of why the
Russians did not want onsite inspection. I wonder if you would expand
on that at this time.
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Mr. Harriyax. 1 can tell you a little. I had a discussion with Chair-
man Khrushchev at the time. He had made a proposal for three onsite
inspections some 6 months before, which was turned down because we
wanted seven. He said he had withdrawn them and when we began to
argue about that he said, “Well, nobody will make me believe 1f you
let a cat into the kitchen that he will go for the mouse when he sees
a piece of cheese lying close by. The cat will grab the cheese when
nobody is looking.”

Now they may be psychopathic on the subject of the possibility of
subverting their system and of their security, but that is the nature of
the whole Soviet system. The Russian Government was always sus-
picious of foreigners, as you know, throughout history, and the Soviet
leaders today are influenced not only by Communist ideology but by
Russian psychology. They will never allow onsite inspection in a mean-
ingful way. If one goes into the details of what our experts believe
would be necessary—it requires inspection of all kinds and nature and
a review of large areas which will never be permitted because they will
be suspicious that it will be used to, to use their word, to spy on them
for other purposes. And this is unfortunately one of the psychologieal
blocks that we face, and if we want a test ban—comprehensive test
ban—I am utterly satisfied it is useless to discuss onsite inspection of a
nature that would be meaningful to our experts.

CLOSEST WE CAME IN NUMBERS ON ONSITE INSPECTIONS

Senator Muskie. What was the closest we came in numbers on onsite
inspection ? Was it seven that we required ?

Mr. Hagrimay. Well, Mr. Khrushchev offered in, I think it was,
December 1962, three onsite inspections. At that time we said “No.
we had to have seven.”

Now, with the number of explosions that might have taken place
as against earthquakes in certain areas, in which there were a number
of earthquakes, we thought seven would be necessary. At the time
some of our experts though three would be adequate because it would
give us a spot check which would make the Soviets unwilling to run
the risk of detection. But we failed to accept, and Khrushchey with-
drew it. He said “We made a mistake in offering three.” But then
when I saw the details of what our experts would demand in the way
of the kind of inspection, T don’t remember them all, but the large
area over which we would have helicopters range and the number of
holes we would have to drill, and that sort of thing, T don’t recall it
all, T am satisfied they never would have agreed to it.

As T understand it. of the character of onsite inspections was not dis-
cussed. The Russians threw out onsite inspection as a principle, but
I am satisfied we will never have come to an agreement on what is
really needed in the way of onsite inspection.

ADEQUACY OF SATELLITE PHOTOGRAPHY

_ There will be expert testimony, I expect, later this afternoon. There
1s not much use in my testifying on it. but I am satisfied that our satel-
lite g'nh?l‘ngm])h_\' does give us adequate chance of catching any attempt
to evade. '
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Senator Muskie. It was our insistence

Mr. Harrimax. You only have to have a real possibility of catching
them. You don’t have to have a guarantee that you will catch every-
one. Experts tell me that one test in this small range will achieve
very little. Also through this commission which has been set up, any
suspicion that we have can be taken up and we can inquire more and
more about it. That is a very important new aspect—that came out,
I thought very successfully, in the SALT I treaty.

WHY WERE SEVEN ONSITE INSPECTIONS MORE USEFUL THAN THREE?

Senator Muskie. In those terms why were seven so much more useful
to us than three at that time? Do you recall that?

Mr. Harrimax. I have forgotten how many conceivable earthquakes
could have taken place that we could identify at the time, but it was
thought seven was the necessary number of inspections in order to be
sure to be able to catch enough possible tests. That was a matter of
judgment. T think later on some of our people thought we ought to
grab the three while we could, but we didn’t. We missed that oppor-
tunity, if indeed it was an opportunity. I am not sure we ever would
have agreed on the terms of onsite inspection.

WERE DETAILS OF ONSITE INSPECTIONS DISCUSSED ?

Senator Muskie. Did we ever get into details with them on that?
Mr. Harriman, T understand we never discussed the details. We
only discussed the theory of onsite inspection. T may be wrong, but

I recall being told that we had not discussed the details. When I saw
the list of things that we were proposing for onsite inspection, I was
surprised that anybody would have thought the Russians would ever
agree to such an inspection, and T was satisfied myself that Khru-
shchev wounld have withdrawn the three even before he did.

Senator Muskre. Well, T wonder if the American people were
aware of

Mr. Harrivman. T am not objecting to our experts proposing these
but, as a matter of fact, T recall some of the things which they pro-
posed made me wonder whether we would ever really permit the Rus-
sians to do that sort of thing on our territory.

Senator Muskie. It seems to me——

Mr. Harriyrax. We went to such extremes that some of us wondered
whether the onsite inspection would have been practical for us. I
never have had that analyzed, but I have grave doubts whether we
would really want to have the Russians have as free a hand at looking
at things here.

Senator Muskie. As I get the reaction these days among Maine fish-
ermen to Russian fishing fleets off our coast, I can imagine what their
reaction might be to Russian inspection teams flying helicopters over
the countryside checking on our nuclear posture.

BEST TO CALL A HALT TO ARMS RACE

Mr. Harrisran. Well, T know that some people are sincere in not be-
lieving a comprehensive test ban is a good thing, that it is best to have
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the arms race go on and that our interests are better served if we let
our scientists keep ahead of the Russian scientists at vast expenditure.

But I am convineed that it is best for us to call a halt. Our national
interests are well protected. In fact the world expects us to do this,
Mr. Chairman. We have got to live up to what we said we were going
to do to keep world opinion with us. We have three times now in
treaties agreed to pursue this and we are not doing it.

Senator Muskie. I think that is

Mr. Harrnan, Therefore, I commend most sincerely your resolu-
tion. sir. and those Senators on both sides of the aisle who are support-
ing it.

If we are not sincere in going ahead with a comprehensive test ban,
a number of countries are not going to go along, with the nonprolifera-
tion agreement,

On the other hand, if we stop testing entirely we have a very differ-
ent situation in attempting to induce some of these potential nuclear
powers in signing up.

READINESS OF RUBSIAN LEADERSIIIP TO RESPOND TO INITIATIVE

Senator Muskre. Do you believe the Russian leadership is ready to
respond to this kind of initiative?

Mr. Harriaxn. I can only guess that, but I believe they will be. The
last time I talked to Mr. Kosygin, a comprehensive test ban was high
on his list of priorities. Ie put nonproliferation down, comprehensive
test ban, reduction in our nuclear weapons, and further reduction in
our military budgets, incidentally, improvement in our trade rela-
tions and improvement in our personal contacts. Since the Soviets have
cone ahead with a number of these other matters my guess would be
that they would. As far as I am concerned, I think we have basically
more to gain than they have because in some of the scientific fields we
are ahead of them, and in any event it is worth an honest and sincere
try and let the ball be in their lap or the buck be in their lap if they
decline.

Senator Muskie. If they were to sign—

Mr. Harrrman. I can’t guarantee it, sir, but I would think that
negotiations of this kind carried on discretely to begin with and then
openly, might well achieve results that you wish.

POSSIBILITY OF SOVIETS TRYING TO EVADE COMPREHENSIVE TEST BAN

Senator Muskie. If they were to sign such a treaty, would you ex-
pect them to try to evade a comprehensive test ban ?

Mr. Hargiman. No; I would not expect them to do it. I would not
put it above them to try to do it if there were ways to do it in which
they could surely not be caught, but there are so many ways open to
have them caught that I would not believe they would try to evade.
They have not tried to evade the Limited Test Ban Treaty.

You know it is a popular thing to say the Russians don’t ever keep
their agreements. Well, an interesting thing in our test ban treaty
negotiations, one of the toughest provisions that Gromyko didn’t want
to agree to was a provision for either side to terminate the agreement.
He said the Russian view was that any nation has the right to repudi-
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ate any treaty at any time that it is no longer in its interest to carry
out. When I said that wasn’t our view, he maintained that such an
agreement would compromise that principle. We finally found some
language that overcame it. He was quite frank about the Soviet
position,

However when it is in their interest to carry out an agreement, they
do keep them. We have the Austrian State Treaty, as one of the ex-
amples. Austria is free today. The Russians don’t want to be caught
by the world in cheating in such a thing as a test ban of this kind and T
don’t believe they will attempt to do it. I don’t think they would sign
the agreement if they didn’t intend to keep it.

Senator Muskie. Senator C'ase.

Senator Case. Governor, it is nice to see you again.

Mr. HarrivaN. Very glad to see you, sir,

Senator Case. T always remember how when we first met on a cold
spring day up in Schenectady.

Mr. HarrimaN. T remember very well. You and T agreed, I think
we both agreed on what was good for the United States but you
thought one gentleman should be the President and T thought another.
But on principle, as T recall it, sir, we agreed on the best policies for
our Nation.

Senator Case. That was almost the beginning of your political
career ; a most distingnished one.

Senator Muskie. Thank you very much, Ambassador Harriman. T
can’t think of more important testimony we have had today and we
appreciate your taking the time. Tt is good to see you looking so well.

Mr. Harriman., Well, T must say T hope you succed in bringing
this resolution to a vote very soon and you have an overwhelming
majority.

Senator Muskre. We are going to do our best, thank you, sir.

Our next two witnesses are going to appear together, as T under-
stand it. Dr. Panofsky and Dr. Scoville, who are both old friends, have
testified before this committee and other committees many times on
this subject. You are the experts to whom Governor Harriman made
reference. We, as well as he, are looking forward to vour enlighten-
ment on the technical aspects of this problem.

STATEMENT OF DR. WOLFGANG K. H. PANOFSKY, DIRECTOR,

STANFORD LINEAR ACCELERATOR CENTER, STANFORD UNIVER-
SITY

Dr. Paxorsky. Thank you very much, Mr. Chairman.

I appreciate very much the opportunity to present my views to this
committee on Senate Resolution 67, dealing with the important prob-
lem of transition from the limited Nuclear Test Ban Treaty of 1963
to a fully comprehensive agreement. To avoid any misunderstanding
let me state here that T am testifying as a private citizen to whom this
problem is of great personal concern and who has long been involved
in various capacities related to this question with agencies of the
U.S. Government., :

My testimony concentrates on technical arguments relating to the
feasibility and advisability of reaching a comprehensive nuclear test
ban agreement; yet my conclusion will be that there are no purely
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technical arguments of great strength either for or against a compre-
hensive test ban treaty [CTBT].

MILITARY NEED FOR CONTINUED NUCLEAR TESTING

I would like to divide my testimony in a number of sections. First,
I would like to talk about the military need for continued nuclear
testing.

My first remark is that the arms race is much more decisively affected
by nonnuclear developments, both for strategic and tactical warfare,
than it is by nuclear developments. While it is therefore difficult to
make a case that a complete nuclear test ban treaty would be a major
factor in slowing the arms race, a complete nuclear test ban treaty
would not be a threat to U.S. security whether or not evaded by the
Soviet Union to the limited extent feasible and may in fact be a sta-
bilizing element.

Nuclear weapons technology can justly be described as approach-
ing maturity : Further advances are apt to be refinements mPprvsont
art rather than genuine innovations. Warheads for strategic missiles
have already been developed through several generations of design.
While tactical nuclear weapons and nuclear aerial bombs have not
been modernized to as large an extent this situation is more a con-
sequence of the low priority assigned to such modernization within
the U.S. Government than to limitations in technology.

I would like to emphasize that nuclear weapons testing is not a tool
for basic science, that is, for obtaining new facts about nature, but it
is a development program trying to improve a product; therefore,
one must decide whether the product is worth the price.

The recent nuclear test program has produced moderate advances
and useful, but not surprising, data. Notwithstanding the basic limita-
tions on dramatic improvements in nuclear weapons technology, a con-
tinuing nuclear explosives test program in the absence of a compre-
hensive test ban treaty might contain the following elements:

A. Tests of special emissions from nuclear weapons.

B. Improvements in survivability of reentry vehicles in a hostile
environment,

C. Improvement in efficiency of nuclear weapons.

D. Repackaging of nuclear devices for specialized uses.

E. Improvements in economy in the use of special materials.

F. Maintenance of the nuclear stockpile and general proof testing.

G. “Effects” tests to examine vulnerability of military or civilian
structures to nuclear weapons effects.

H. “Plowshare” tests (i.e. peaceful uses of nuclear explosions).

PERFORMANCE OF MISSILES IN ABM ENVIRONMENT

It will be noted that the first two items in this list relate to the per-
formance of missiles in an ABM environment, and, quite apart from
the limited intrinsic merit of such improvements, their importance has
been greatly reduced by virtue of the SALT I agreement.

STOCKPILE READINESS AND WEAPONS RELIABILITY

Now let me turn to stockpile readiness and weapons reliability. It
is of key importance to the security of this Nation and the world that
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nuclear stockpiles remain under tight control. Yet until other inter-
national security arrangements are formulated which do not involve
the potential use of nuclear weapons, stockpiles must remain ready
for use. At times the need for nuclear testing has been identified with
the requirement of maintenance of the nuclear stockpile and improve-
ments in its security, Since nonnuclear methods are available for this
purpose I do not consider this to be a valid reason for opposition to a
comprehensive nuclear test ban.

A comprehensive nuclear test ban would certainly reduce the cre-
ativity of the weapons laboratories—a circumstance pertaining both
to the United States and the U.S.S.R. or other signatories. Extensive
computations and laboratory simulation activities, increased empha-
sis on experimental programs of interest to weapons designers—such
as laser-fusion experiments and controlled thermonuclear programs—
would do a great deal toward maintaining the vitality of the
laboratories.

A primary consequence of a comprehensive nuclear test ban would
be some reduction of confidence of the signatories in the predictability
of the exact performance of nuclear weapons. In my view this cir-
cumstance is on balance beneficial, since it would make nuclear weap-
ons even less useful for first-strike, preemptive purposes. The Con-
gress has heard testimony during the past years about the concerns of
some military planners regarding the possibility of a disabling first
strike which might be achieved against the U.S. land-based minute-
man force by highly accurate enemy MIRV’d missiles; conversely, the
Soviets should have at least as large a concern against such a strike
from the United States. Many severe technical difficulties make a
“first strike” scenario exceedingly implausible ; under all circumstances
it requires high confidence in near 100-percent reliability of the nuclear
weapons system—exceedingly difficult to maintain once a comprehen-
sive nuclear test ban is in force. On the other hand, the function of our
nuclear strategic weapons in deterring an attack by an opponent
remains unimpaired by the small potential decrease implied by a com-
prehensive nuclear test ban in the high reliability of their nuclear
warheads.

EFFICIENCY OF NUCLEAR WEAPONS

Next, let me talk about efficiency of nuclear weapons. There is little
doubt that continued nuclear testing can achieve some limited gains in
economy of future nuclear weapons systems, both in terms of economy
in use of special materials and what is ealled the “yield-to-weight
ratio.” or more colloquially the “bang for the buck.” Quite apart from
the question whether such improvements pay for the cost of the re-
search and development program to support them in purely economic
terms, it is also clear that the deterrent value of our nuclear weapons
18 extremely insensitive to such improvements. Even if a nuclear
weapon attacks a widespread urban target, the damage increases more
slowly than the explosive power producing it. Tf the target is small
then thp increase in damage produced by an inerease in explosive
power is even less significant. Therefore the usefulness of weapons of
very large explosive power in a deterrent role is quite limited: this
has been recognized by U.S. designers a long time ago and for this
reason the deliberate choice was made to forgo very large throw
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weights in U.S. missiles. The number of warheads in the U.S. arsenal
is now greatly in excess of the level needed for inflicting retaliatory
damage—either to civilian or military installations—at a level consid-
ered “unacceptable” to any opposing nation. The SALT treaty on
limiting ABM has assured the penetration of our warheads to enemy
targets. Therefore, Mr. Chairman, I would like to emphasize the fact
that SALT has made each warhead in our arsenal, made it a great
deal more than it used to before the SALT agreement was signed.

Improvements in yield-to-weight ratio permit more efficient pack-
aging of warheads and penetration aids in a missile warhead, or, alter-
nately permit increases in the explosive power of existing configura-
tions. In particular a comprehensive nuclear test ban might prevent
increases n vield of MIRV’d missile systems. This limitation might
make attainment of a Soviet MIRV force extremely difficult, if not im-
possible. T also note that there are strictly physical limits to the attain-
able yield-to-weight ratio which cannot even in principle be exceeded
so that a dramatic breakthrough cannot be expected in this respect.

COMPETITION BETWEEN NONNUCLEAR AND NUCLEAR WEAPONS
DEVELOPMENTS

Let me turn to the competition between nonnuclear and nuclear
weapons developments. i

Improvements in warhead aceuracy are much more controlling in
determining the destructiveness of a nuclear weapon against a hard
target than are increases in explosive yield. Similarly the effect of a
nuclear warhead as an ABM interceptor is more directly controlled
by its ability to come close to the missile to be intercepted, which in
turn is determined by guidance and propulsion of the interceptor,
rather than by the nature of the nuclear warhead it carries; this latter
conclusion is reinforced by our ignorance of the specific nature of the
enemy interceptor to be damaged. May I add again that in the post-
SALT I era with its restraints on ABM such considerations have be-
come of greatly decreased importance.

To summarize those last two remarks: In general it is much more
important for military application of nuclear weapons that they come
close to the target, than that the explosive power which they carry be
very large.

[ therefore conclude that nonnuclear development rather than nu-
clear developments are of greatest concern in relation to maintenance
of strategic stability and that the strategic balance cannot be eritically
affected by advances in nuclear weapons technology on either side.
There exists no agreement among military analysts as to the useful-
ness of nuclear weapons in tactical warfare, that is use on the battle-
field, and happily tactical nuclear weapons have never been so used.
Nevertheless, here also further improvements of tactical nuclear weap-
ons in themselves are not the controlling element whether and how
such instruments of war shall be used.

QUESTION OF VERIFICATION OF COMPLIANCE

I will next turn to the question of verification of compliance with
the provisions of a test ban treaty; this question has been so much in
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focus. There is little question that a CTBT would halt nuclear weap-
ons developments of nations complying with the agreement. Currently
we consider the technological status of the U.S.S.R. and the United
States of America to be well-matched, althongh the United States
might be ahead in respect to lower yield weapons and has a larger in-
ventory of past test experience. Nonnuelear nations could possibly
develop a few very crude nuclear explosives but could not produce
efficient weapons or thermonueclear devices without testing. The TU.S.
Government has frequently reaflirmed its support for an adequately
verified CTBT without specifically defining the term. Due to the de-
creasing significance of nuclear weapons improvements, the risks of
evasion are clearly lessened; at the same time the techniques for veri-
fication of evasions are improving,

I would like to digress here to point out that clearly what is meant
by “adequate verification™ should be tailored to the military signifi-
cance of what we are trying to verify. As Senator Kennedy pointed
out this morning, we have set a precedent in the treaty banning bio-
logical weapons. Clearly clandestine manufacture of biological weap-
ons cannot be verified by objective means but, nevertheless—and I
concur with that decision—the United States has felt it was in the
net interest of this country and of humanity to ban them.

Therefore. looking at “adequate verification” as an abstract concept
which can be defined without looking at the military significance as
to what you are trving to control is simply absurd. T believe the mat-
ter of military significance versus ease of verification has to be weighed
against one another.

SEISMIC DETECTION AND IDENTIFICATION PROBLEM

Let me next turn to the seismic detection and identification problem.

In view of the foregoine discussion the recent advances in seismol-
ogy, and detecting and identifying underground explosions are pos-
sibly less important toward promoting a CTBT than as scientific
achievements in their own right. As you have heard from highly quali-
fied witnesses this morning. Dr. Evernden and Dr. Lukasik. such ad-
vances in seismic identification and detection have indeed been impres-
sive. Most important is the fact that the gap between detection and
identification has been substantially narrowed in recent years. This
means that those seismic events which can be detected at all by the
U.S. network can also be classified with fair certainty into explosions
and earthquakes with increasing confidence.

Specifically the number of seismic events in the Soviet Union uni-
dentified by the present network at seismic magnitude of, say. 4.5,
has become a very small number. Further improvements in the 1.S.
network can be made if their costs are considered warranted. More-
over the other national technical means of verification. whose legiti-
macy has been accepted in the SALT agreements, has added to our
means of identifying suspected violations bevond that possible by
seismic means. As a result the annual number of seismic events of mag-
nitude more than 4.5 remaining unidentified might become less than
one and thus the total number of nuclear tests which could be carried
out clandestinely underground by the Soviet Union, say at a yield

above 20 kilotons, would be very small indeed.
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QUESTION OF ONSITE INSPECTION

Let me now turn to the question of onsite inspection.

In dealing with the contentious question of onsite inspections one
tends to Iua{-aagh( of the nature of such an undertaking. Governor Har-
riman did allude to this situation to some extent. The presumption is
that seismic instruments will have detected but not identified a seismic
disturbance and that the source of this disturbance has been localized
within a certain area of 100 or so square miles within which onsite
inspection is to take place. An inspection team is to be dispatched to
that area and engage in visual surveillance, either from ground or air,
or to engage in such activities as air-sampling to locate possible radio-
activity. Clearly such an undertaking has to be limited in scope by the
agreement reached, and one might hazard a guess that if a violation
had occurred it would be difficult to gain 'Id(‘qll(ltl' access. At best, on-
site inspection would force a violator to test at greater depths. For all
these reasons I would conclude that even if access can be secured the
incremental value of such an inspection, for instance for radioactivity
air sampling toward verifying violation beyond that which can be
(uqlnlml by other means of v()ll('mhn‘r information is minimal.

Mr. Chairman, this is a point which is generally overlooked when
this matter of onsite inspection is being discussed. If we don’t detect
the explosion at all, then we have no basis for ever dispatching an in-
spection team. If we have identified the cause of the seismic signals,
(lhvn we don’t need the inspection. Therefore, this whole question of
onsite inspection deals only with a very narrow hand of suspected vio-
lations and it is a very narrow band which has been greatly narrowed

even further by the recent advances in seismology “which were dis-
cussed this morning by Drs. Evernden and Lukasik.

QUESTION OF DELIBERATE EVASION

Now let me turn to the question of deliberate evasion. Whenever the
test ban debate revives nationally. the feasibility of deliberate evasion
techniques by complex or contr ived means is reintroduced. One should
recognize that any means of evasion, however successful technically.
still involves a not negligible risk ni detection: information ]l‘l]\‘-
cither deliberate or inadvertent, ean give clues of evasion attempts in-
volving complex undertakings. Therefore. any attempt at evasion
involves a balance of risks, costs, and incentives. Since military in-
centives for evasion are not large, it \vnuhl be difficult to see why a
nation would sign a comprehensive nuclear test ban with the deliber-
ate intent of then proceeding with N’:lsinn.

Moreover, the costs of many of the evasion schemes suggested are
very high: I tend to believe that the 1.S. security would actually be
well served if the Soviets were to dedieate substantial resources to
such undertakings as nuclear tests in far outer space involving com-
plex shields. or to tests behind the Moon. or to construction of a big
hole rather than to devote those same resources to effective nonnuce lear
military developments. Moreover. some of Ihv deliberate concealment
and evasion schemes such as hiding the nuclear test among aftershocks
of natural earthquakes. or detonating nue I(’.II ex ploamn% in media of
low seismic coupling involve many mrlpp(-ndvnt risks of detection such
as the appearance of a visible subsidence crater.
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Consideration of such artificial means of evasion is fundamentally
diversionary from the main argument and would only make sense if
a single or a very small number of test explosions would be of dra-
matic military significance; as discussed above, this is not the case.

Let me summarize the conclusions concerning seismic detection and
identification evasion. By citing the advances in seismic detection and
flagging in particular the achievements in narrowing the gap between
detection and identification I do not mean to imply that evasion has
become impossible, It will always remain true that advances in seis-
mology can only lower the size of an explosion which a determined
evader could technically conceal. Dr. Foster will always be able to
make the statement he did this morning, and I quote, “We believe that
there will be a significant residuum of seismic signals above some level
whose origin we will not be able to establish unambiguously.”

That statement will always remain true, but it will pertain to
smaller and smaller explosions each year and it will be a matter of
political and military judgment whether such seismic explosions are
or are not an acceptable risk. In my view, the decreasing military im-
portance of nuclear weapons developments, whether open or con-
cealed, combined with the advances in verification should make a com-
plete nuclear test ban fully aceeptable militarily.

COMPREHENSIVE BAN'S COMPATIBILITY WITH PEACEFUL USES OF NUCLEAR
EXPLOSIONS

Let me now discuss very briefly the much discussed issue of the
compatibility of a comprehensive nuclear test ban with the problem

of peaceful uses of nuclear explosions [PNE].

There exist differences in view, both in the United States and I
might add in the Soviet Union, concerning the eventual economie value
of peaceful uses of nuclear explosions, However, the U.S. Govern-
ment has curtailed appropriations for these programs. Essentially all
projects which have been proposed for the use of such devices are
intended to meet objectives which could also be met by conventional
means; therefore, justification of peaceful nuclear explosions has to
rest on economic grounds. Ecological damage. radioactive contamina-
tion, the need for resettlement of local inhabitants, and other social
consequences must be considered. For this reason in the United States
[but not in the Soviet Union] the interest in the pursuit of large ex-
cavation projects using nuclear explosives has all but disappeared.

However, there is substantial interest in the use of nuclear explosions
for stimulation of underground gas and oil reserves. underground gas
storage, reclamation of geothermal energy. et cetera. If such projects
are to make a significant contribution to the overall economy. under-
ground explosions must be carried out in very large numbers: vet
there is considerable doubt that programs requiring hundreds of nu-
clear explosions per year for their exploitation would be acceptable to
the American people.

There are doubts about the compatibility of a comprehensive nu-
clear test ban with peaceful uses of nuclear explosions, and nonnuclear
nations have, in my view, become unduly concerned and, may T add,
unduly oversold about the economic disadvantages they would suffer
if a comprehensive nuclear test ban would freeze them out from the
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benefits of peaceful uses of nuclear explosions. It may be desirable for
political reasons to postpone consideration of peaceful uses of nuclear
explosions to a later deliberation after a comprehensive nuclear test
ban treaty is in existence.

A program of peaceful nuclear explosives, particularly if carried
out on a large scale, could be used as a vehicle for evasion of a CTBT
for military purposes. As noted above, I normally would not con-
sider even this risk of evasion of a comprehensive nuclear test ban
excessive, considering the limited military gains which are in sight.
However, the opportunities for evasion which a large-scale program
of peaceful nuclear explosions would offer are certainly larger than
those which, at least by past standards, the United States has de-
manded of verification of major arms control agreements.

In principle the opportunities for evasion using nuclear explosions
for peaceful purposes can be limited but not eliminated by a variety
of control measures such as the requirement for international ob-
servers to be present at detonation sites and similar measures. Again,
without going into detail, I conclude that without actual inspection
of the nuclear device itself—a measure which would certainly be un-
acceptable to the United States and the Soviet Union—evasion possi-
bilities remain.

ECONOMIC EFFECTS OF COMPREHENSIVE TEST BAN

Let me now turn to the economic effects of a comprehensive nuclear
test ban; here I might differ with some of the other witnesses. Nu-
clear tests currently cost several hundreds of millions of dollars per
yvear. While a comprehensive test ban treaty would stop these direct
expenditures, the net saving is less clear. Increased costs would be in-
curred if programs analogous to the four-point “safeguards” fol-
lowing the 1963 Limited Test Ban Treaty were enacted as a hedge
against Soviet evasion or abrogation of a comprehensive nuclear test
ban treaty. Moreover, nonnuclear developments and verification sys-
tems may grow in response to CTBT. Therefore, strong economic rea-
sons for a comprehensive nuclear test ban are difficult to sustain.

EFFECTS OF NUCLEAR TESTING ON ENVIRONMENT

Let me now turn to the effects of nuclear testing on the environ-
ment. In recent times the citizens of this country have justly become
more aware of the dangers facing our environment from large man-
made disturbances, and consequently much criticism of nuclear testing,
including underground testing, has arisen from that source. Dangers
considered have been the possible triggering of earthquakes and of
tidal waves, the contamination of underground aquifiers [meaning un-
derground water carrying strata], and the accidental release of radio-
activity accompanying underground testing. It is indeed true that a
certain fraction of U.S. underground nuclear explosions have vented,
that is released some radioactivity through fissures or access openings;
an even larger fraction of Soviet explosions have not been fully con-
tained. In fact, radioactive release, although not a significant health
1::1:!.;111{ from such venting explosions, has been detectable outside the
perimeters of each country and therefore, purely formally, could have




118

been considered to be a violation of the 1963 Limited Nuclear Test Ban
Treaty. 1 do not consider such occurrences to be either serious or delib-
erate and it speaks for the improvement in relations between the
['nited States and the Soviet UUnion that neither side has chosen to
challenge these events. Moreover, in spite of the oeccasional venting
from underground nuclear explosions and the atmospherie tests car-
ried out by France and China the total worldwide fallout levels have
drastically declined since the signature of the 1963 Limited Nuclear
Test Ban Treaty. I would conclude that the environmental risks of
underground nuclear explosions, although not totally negligible, can
be controlled to levels commensurate with environmental hazards asso-
ciated with other human activity: therefore the danger of ecological
risk in itself cannot be considered to be a persuasive reason for pro-
ceeding with a comprehensive nuclear test ban.

SUMMARY

Let me conclude with a very brief summary, Mr. Chairman. The
substance of the preceding discussion is that there appear no overrid-
ing technical or military issues which argue very strongly for or
against a comprehensive nuclear test ban. The technology of nuclear
explosives is mature and improvements are limited. Military technol-
ogy, both tactical and strategic. is paced by nonnuclear rather than by
nuclear developments. The leverage of a CTBT on technical grounds
alone in slowing the arms race is minimal. The advances in seismic
detection, however impressive, have simply decreased the threshold of
size of explosion below which detection is not possible and they have
narrowed the gap between identification and detection. There is little
if any usefulness whatsoever to onsite inspection at the location at
which an unidentified seismic event has occurred.

Worldwide fallout has already been dramatically reduced by the
Limited Nuclear Test Ban of 1963, and I tend to agree that environ-
mental concerns alone are not a very strong motive for pursuing a com-
prehensive nuclear test ban, provided. of course, that practices in car-
rying out underground tests are carefully controlled and hopefully
improved. Net economic savings due to a comprehensive nuclear test
ban may not be significant.

The primary urgency toward proceeding with a comprehensive nu-
clear test ban is basically nontechnical and stems from linkage with
other arms control agreements. A comprehensive nuclear test ban
would serve as a demonstration to the world that the signatories are
willing and able to bring a potentially destructive technology under
control. ; a

The United States and the Soviet Union have assumed a formal
obligation, both in the Limited Test Ban Treaty of 1963 and the Nu-
clear Nonproliferation Treaty of 1968, to seriously pursue a CTBT.
Therefore, to sustain the drive for nonproliferation of nuclear weapons
progress on a CTBT appears essential. Moreover, one can hope that
signature of a comprehensive nuclear test ban treaty by those who have
signed the Limited Test Ban Treaty and those who have signed the
Nonproliferation Treaty might exert leverage on those nations who
have not as yet signed. At the same time it would be unwise to assume
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that all nuclear nations would participate in a CTBT and that all sig-
natories of the Limited Test Ban would sign the Comprehensive Test
Ban Treaty. Therefore, demanding this as a precondition would be a
destructive move at this time. Similarly, T would oppose linking con-
sideration of a CTBT to the purely bilateral SALT talks. T do believe
that serious pursuit of a CTBT by the United States would improve
the general climate for future arms control agreements and for this
primary reason I support resumed serjous negotiation toward a com-
prehensive nuclear test ban. This concludes my statement.

Senator Muskie. Thank you, Dr. Panofsky, for your excellent state-
ment.

I think it might be well if Dr. Scoville presented his statement at
this point.

STATEMENT OF DR. HERBERT SCOVILLE, JR., FORMER DEPUTY
DIRECTOR, CIA, AND FORMER ASSISTANT DIRECTOR, ARMS CON-
TROL AND DISARMAMENT AGENCY (ACDA)

Dr. Scovitre. Mr. Chairman, it is a great pleasure to be able to ap-
pear before this committee again to discuss the subject of a comprehen-
sive test ban treaty. I first worked with this subcommittee on the sub-
ject of a nuclear test ban back in the late 1950’s when Senator Hum-
phrey was the chairman, and this committee has always played a major
part in exploring the issues involving limiting nuclear tests. Since that
time, much water has passed under the bridge. We have achieved a
treaty banning tests in the atmosphere, outer space and underwater,
but unfortunately a ban on underground testing is still in the future.
Had we succeeded in banning such tests 10 years ago, we would all be
better off today. For this reason, I should like to express my support
for Senate Resolution 67 with the hope that its prompt Senate passage
would serve as a spark to ignite new efforts toward the achievement of
a complete ban on all nuelear tests, The visit of Secretary Brezhnev in
June offers a golden opportunity for joint U.S.-U.S.S.R. action to
finally halt all nuclear weapons testing for all time.

Now, Mr. Chairman, instead of reading this prepared statement
perhaps if this could be put in the record in the interests of time,
1 could just concentrate on a few points that were emphasized this
morning if that is all right.

Senator Muskie. 1 think that would be very helpful. especially
since, unfortunately, I am now running up against deadlines.

Dr. ScoviLre. OIL.

Senator Muskie. I think that the record would be very usefully
served if you would respond to some of the points, especially the tech-
nical points that were made this morning. You two gentlemen are
in position to do that, and T would like very much to have your
responses.

Dr. ScoviLre. T will just concentrate on one or two things I think
seem to have been the thrust of the arguments this morning.

VALUE OF ONSITE INSPECTIONS QUESTIONED

First, it is very significant that both speakers for the administra-
tion this morning said and repeated what they have said many times
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before, that it is U.S. poliey to favor a comprehensive test ban pro-
vided that it was adequately verified and they describe adequate
verification as onsite inspections. This was supported by Dr. Foster
for the Defense Department as well. In other words, he was support-
ing the U.S. national position in this respect.

Now what does this mean? It means that the 1.S. Government
and specifieally the Defense Department, is satisfied that if we could
stop all nuclear testing as of the present time it would not have a
serious effect on our security., and that the only drawback to this
halt on our part would be fears that somehow or other the Soviets
might cheat, and, thereby get a unilateral advantage becanse we were
not testing as well,

It further means that they feel that the added protection that you
get. from onsite inspections is enough to give us confidence that our
security would be protected under these cirecumstances,

Well, I would submit that the technical evidence just does not
support this kind of value for onsite inspections. I think the data
that were presented this morning would agree with this conclusion;
some of the data was also presented in more detail by these same
witnesses before this committee and the Joint Committee on Atomic
Energy a year or two ago,

First of all onsite inspections are only allowed or triggered when
one detects a seismic event but cannot identify it. Those are the only
times in which you can carry on an onsite inspection. Now as a result
of improvements in seismology which have been described by the wit-
nesses today and earlier, and Dr. Panofsky stressed this himself, this
gap between tests which ean be detected but not identified and those
which can be identified has now shrunk and only covers a Very narrow
yield range. There may be some argument exactly what that vield
range is today, but it is probably somewhere on the order of a half
a kiloton to a few kilotons: it is only in that very narrow vield range
that onsite inspections have any value whatsoever. For tests that are
below that value you won’t detect them and so there is no occasion
for onsite inspection. For tests above that value you can identify
the events by seismic means alone and don’t need them.,

Furthermore, we have heard not so much today as in previous testi-
mony, a lot about some of these very fancy evasion schemes such as
digging a big hole and exploding a bomb in a big hole. Actually T
think Dr. Evernden exploded that kind of myth this morning, but it is
still mentioned. Another approach is that you might conduct an explo-
sion under cover of the background seismic noise from a big earth-
quake somewheres around the world. If you had a test all set to go,
maybe once every 6 months there would be a big earthquake and you
could, on short notice. set off an explosion and its seismic signals could
be lost. But onsite inspections don’t do any good against these evasion
techniques because they don’t provide you the seismic detection signal
to trigger an onsite inspection. Thus clearly that kind of an event is not
considered sufficiently serious to change ‘or affect our position on a
comprehensive test ban.

The reason I mention this is so that some of these, what T think on
the whole are red herrings, can be taken out of consideration in mak-
ing a decision. '
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Recognizing this narrow yield range over which onsite inspection is
;lp]-h(.:hll we now have the testimony of Dr. Lukasik, which was
again confirmed by Dr. Panofsky just now, that even if vou carry
out an onsite inspection it is only of marginal value. There are only
two techniques which are of any value at all, and Dr. Lukasik has
testified that an evader by ]m[tm;: the, particularly these low yield
tests for which onsite inspection can be used, at sufficient depths the
opportunities for getting radioactive gas to the surface are kept very.
very small. Therefore, the chances of an onsite inspection providing
any evidence are extremely slight.

WHAT HAS HAPPENED IN OVERALL VERIFICATION SYSTEM SINCE 1962

Now, finally what has happened in the overall verification situation
since we first came up with this position for onsite inspections or the
last time we changed it in 1962. In those days we didn’t have the very
extensive unilateral national techniques that we have today, and we
didn’t have the satellite systems with the kind of capabilities they
have today and, perhaps even more importantly, we didn’t know what
the Soviet reaction would be to our using these as evidence of viola-
tions.

We now have the experience of the SALT I agreements which in
the verification area are extraordinarily important. We have an agree-
ment by the Soviet Union that national technical verification tech-
mqm-a ‘will be used. and Secretary Rogers in his presentation of the
SALT agreements specifically referred to satellite observation as one
of these techniques, so it is clear that the Soviets have agreed to these
as legitimate means of verifying arms control agreements.

Furthermore, the Soviet Union has agreed that there will not be
any interference with such techniques and, finally, that concealment
measures will not be used to try to make these scientific methods inop-
erative. Perhaps particularly ‘lpplnab]v for the comprehensive test
ban they agreed to setting up an international consultative commis-
sion to try to settle any questions that might come up about compliance
with the treaty.

BALT PROVISIONS WOULD GIVE MORE VERIFICATION ABILITY THAN ONBITE
INSPECTIONS

I think that one can make a very strong case that these SALT pro-
visions applied to the comprehensive test ban would give yon far
more verification capability and far more confidence that the Soviets
were not testing than any seven onsite inspections, whwh has been
the U.S. position since 1962. T just don’t think that thesis is arguable
at all and T have never heard anybody in the Defense Dopaltment or
anywhere else disagree with this thesis.

For example, Dr. Evernden testified this morning that a system
might be built so that by seismic means alone there might be about 10
unidentified events with magnitude greater than 4.0. In other words,
of yields, equivalent yields, of one or two kt. Since those 10 events
are just natural seismic events, the question was raised wouldn’t
these provide false alarms. By using satellite observation techniques,
I would think that probably at least 9 out of those 10 unidentified
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events, and most of these will be low vield in the small kt region, that
these would oceur in areas where by satellites it would be clearly obvi-
ous that no underground test at depths of 3.000, 4,000, or 5,000 feet has
ever been conducted. Most of the earthquakes in the Soviet Union
occur in completely uninhabited regions in the Kamchatka Peninsula
area, in the Tamir mountains; this is where there is just nobody. Any
sign of any activity, particularly the kind of activity which wounld be
required to carry out an underground test and get useful results at
depths of several thousand feet, would be clearly observable by satel-
lites. I think you would find, if you asked the Defense Department for
information on these events they would agree with this conclusion.

I find it very hard to believe that an occasional event per year of
1 or 2 kt is likely to have any serious consequences for our security.
Dr. Panofsky has already pointed out really the limited value of tests
in the future. We have already gotten essentially to the knee of the
development curve and improvement will be limited from now on. A
few low yield tests just can’t possibly affect our security. The risks
from an occasional possible violation are infinitely less than allowing
the Soviets to go ahead uncontrolled in testing in the higher yield
ranges which they can do now without a treaty.

COMPREHENSIVE BAN USING NATIONAL MEANS OF VERIFICATION SHOULD
BE FAVORED TODAY

So T think from a security point of view it is absolutely clear that
if we were in favor of a comprehensive test ban with onsite inspections
for the last 10 years we ought today to be in favor of a comprehensive

test ban using our national technical means of verification. While
I will agree with Dr. Evernden that the idea of having some un-
manned, some so-called black boxes, seismic stations in the Soviet
Union might give you a little extra confidence, T am not persuaded
that this extra confidence is either needed or really that great. While
it might be nice to try to persuade the Soviets to have them, T think
if we do that it should be absolutely clear they are not necessary:
they are only confidence-bnilding measures and by no means should
a comprehensive test ban be dependent on getting Soviet agreement
to these unmanned stations.
[Dr. Scoville’s prepared statement follows:]

STATEMENT oF HERBERT ScOVILLE, Jk.

It is o great pleasure to be able to appear before this committee again to dis-
cuss the subject of a comprehensive test ban treaty. T first worked with this
subcommittee on the subject of a nuclear test ban back in the late 1950's when,
under the chairmanship of Senator Humphrey, it played a major part in explor-
ing the issues involved in limiting nuclear tests. Since that time, much water
has passed under the bridge. We have achieved a treaty banning tests in the
atmosphere, onter space and under water, but unfortunately, underground test-
ing still goes on and at this late date we are still diseussing a future ban on
underground tests, Had we succeeded in banning snch tests ten Years ago, we
would all be better off today. For this reason, I should like to express my support
for Senate Resolution 67 with the hope that it will serve as a spark to ignite
new efforts toward the achievement of a complete ban on all nuclear tests. The
visit of Secretary Brezhnev in June offers a golden opportunity for joint US-
USSR action to finally halt all nuelear weapons testing for all time.

The moment has come for a revision of US policy on a comprehensive test han
treaty. As Philip Farley, Deputy Director of ACDA has testified in previous
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vears before this committee. US policy has not changed since 1963 despite pro-
found changes in the technical, military and political sitnation since that time.
The requirements for new types of nuclear warheads have been signifieantly
reduced, particularly as a result of SALT I, and our means of verifying an under-
ground test ban have been radically improved. Simultaneously the need to negoti-
ate o comprehensive test ban in order to reduce the probability of the further
spread of nuclear weapons to non-nuclear countries is becoming more urgent
every day.
VERIFICATION

Previous testimony before this Committee and the Joint Committee on Atomic
Energy by representatives of the Defense Department and outside scientific ex-
perts has graphically demonstrated the major improvements in the seismic
means of verifying a comprehensive test ban treaty. In 1963, we had only rela-
tively erude and ineffective methods of diseriminating between earthquakes and
explosions. In faet, in those days we were only able to identify a fraction of
the natural earthquakes, leaving an appreciable number of seismic events each
vear which could be either earthquakes or explosions, No firm criteria were
available for identifying explosions per se, Now, thanks to the research and
analysis sponsored by ARPA and other DOD agencies under the direction of such
experts as Drs. Lukasik and Evernden, we have eriteria by which explosions
can be identified explicitly, and our technigques have heen refined to the point
that these eriteria can be applied to very small events (a few KT or less), While
the detection and identification threshold might be somewhat higher for explo-
sions in low coupling media such as dry alluvinm, it is most unlikely that this
type of soil can be found anywhere in the Soviet Union at sufficient depths to
avoid producing a subsidence crater which would be immediately obvious to
our reconnaissance satellites. Dr. Lukasik testified before the Joint Committee
on Atomic Energy on October 27, 1971 (p. 53) that the upper limit in yield
which could be tested in a low coupling media without risk to detection was 1 to
2_K'D.

The yield range for events which can bhe detected, but not identified is now
very narrow, perhaps somewhere between 14 and a few KT, Even this range will
vary from day to day and loeation to location depending on the seismic noise
background at the time of the event =o that a would-be evader could not be
certain that any specific test would remain unidentified. Therefore, since onsite
inspections can only be applied for events which are detected, but not identified.
the opportunities for such inspections wonld at best be very limited. Even if
completely effective, they would only provide added confidence within a very nar-
row range of yields. But, as Dr, Lukasik also testified before the JCAE (p. 65),
only two methods of onsite inspection are of much value, and even these can bhe
circnmvented by a determined evader. In sum, it is clear that onsite inspections
serve almost no useful purpose in verifying a comprehensive test ban treaty.
The deterrent value of a technigque of such limited applicability would seem
inconsequential. Yet, the US position, unchanged since 1963, still states that it
supports a comprehensive test ban provided that onsite inspections are included.

Far more important than onsite inspections for verification wonld be the
adoption in a comprehensive test ban treaty of verification provisions similar to
those established in the ABM Treaty and the Interim Offensive Weapons Agree-
ment. These lezalize the use of national technical means of verification, forbid
interference with such national technical means, and ban the use of concealment
techniques to circumvent them. Furthermore, the Treaty establishes a Standing
Consultative Commission “to consider questions concerning compliance with the
obligations assumed and related situations which may be considered nmbiguouns.™
Similar provisions would be extremely useful in verifying & comprehensive test
ban treaty. A large proportion of the detected, but unidentified seismic events in
the Soviet Union occur in completely uninhabited areas such as the Kamchatka
Peninsula and the Pamirs, Satellite photography (an agreed national technieal
means of verification) of the location of these unidentified events wonld clearly
demonstrate the absence of any activity of the kind that would be required for
the conduct of a nuelear test thousands of feet underground. It would only be a
rare case where clandestine tests could not be ruled ont. Under such circum-
stances, reassurances could be sought through an International Standing Con-
sultative Commission (ISCC) which might be established by the treaty.

Elaborate evasion schemes have also been devised whereby clandestine tests
could be carried out so as to avoid detection by seismic means. One of these
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involves the conduct of the explosion in a large chamber (300 foot diameter hole
for a 10 KT shot) several thousand feet underground., Such conéealment tech-
niques would be forbidden by the treaty, and the activities necessa ry to prepare
for such a test would almost certainly be observable from satellites. At the very
least, one would be in a position to seek an explanation in the 1SCC, and an
evader would have a difficult time in providing a reasonable rationale for such
activity. Another proposed evasion scheme, hiding the seismic signal from a
clandestine explosion in the noise of a large natural earthquake, wonld also
require considerable preparation long in advance of the test. An elaborate seis-
mic net would be needed to trigger the explosion and vet, if the test was of
significant size, it would. nevertheless, always be vulnerable to detection by
elaborate data analysis techniques or aerial observation. In any case onsite
inspection would be of no value against either of these evasion schemes since if
successful they would provide no seismie signal to justify the inspection. There is
little question that the risks from cheating under a comprehensive test ban
treaty with the SALT I verification provisions would be significantly less than
the risk from a comprehensive treaty with the 7 onsite inspections per year which
has been the US position since 1963,

Verification problems are no longer a reasonable justification for failure to
achieve a ban on underground tests., Clandestine fests helow the detection thresh-
old, approximately % KT, have long been recognized to be of no security sig-
nificance as is evidenced by the US position in favor of a comprehensive test
ban treaty with onsite inspections which cannot be applied below the threshold.
For the same reasons, elaborate evasion schemes which would not trigger onsite
inspections have apparently never been considered a reasonable threat. Seismic
identification techniques have improved to the point that only a few events per
year in the low KT yield range and a rare event above about 5 KT eannot be
identified. Tests of new strategic warheads such as those used in MIRVs would
almost certainly be detected, and the military significance of a few clandestine
low yield tests is negligible, The SALT I verification procedures would provide
significant added assurance that cheating in the low yield range or by evasion
techniques would not involve a security risk.

BECURITY IMPLICATIONS OF A TEST BAN

As a result of SALT I the incentives for further nuclear weapons testing have
been drastically redunced. Since 1963, more than 80 percent of all our tests have
been related to strategic weapons, but now the ARBM Treaty has virtually elim-
inated any further need for new designs. Since only 100 ABM interceptors are
allowed at each of two sites, there is certainly no need to have new ABM war-
heads, or for effects tests fo determine the vulnerability or reentry vehicles to
nuclear explosions. No improvements in ABM warheads ean possibly make these
admittedly inadequate systems effective, Our Spartans and Sprints already have
satisfactory warheads and even if these were to be replaced by other types of in-
terceptors, which would be a terrible waste of resources, nuclear weapons de-
signs that wounld serve the purpose are already available,

The ABM Treaty also eliminates the need for new warheads for offensive
weapons since no longer do these need to be improved in order to insure over-
whelming a Soviet ABM. We already have satisfactory designs for our MIRV
warheads for the Minuteman and Poseidon missiles and, even if a replacement
system were deployed to satisfy some presently unforeseeable need, no new nu-
clear warhead would be needed. If we were to seek to acquire a capability to
destroy the Soviet ICBM force, a move which would be destabilizing and only
serve to stimulate the arms race, we would not need to develop a new warhead,
Potential improvements in missile accuracy are far more important for this
purpose than any potential increases in yield to weight ratios, We already have
weapons which can destroy a small number of such hard targets as TCBM
silos or command posts provided we are willing to expend on each target sev-
eral warheads ont of onur stockpile of thousands.

A comprehensive test ban treaty might, however, have a greater effect on
Soviet counterforce eapabilities. Because of the large size of their re-entry
vehicles, they have never had a requirement for a warhead with the dimensions
needed for a small highly aceurate MIRV system which could threaten our
entire Minuteman force. They may need more tests to develop such a warhead.
Therefore, a comprehensive test ban could give us added confidence that the
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Russians were not seeking a first strike capability and thus be an important
contribution to US security and strategic stability.

Recently, in the aftermath of SALT I, some officials have referred to the need
for developing a new generation of tactical nuclear weapons., But the US
already has on the shelf a wide variety of designs for such battlefield weapons
ranging from those that can be carried by the infantry with yields of tens of
tons to missile warheads and bombs with yields as high as a megaton. Even
with more than 7,000 nuclear weapons of many different types in the European
theater, we have no rational plan for their use since the risks of escalation and
the resultant nuclear devastation of Europe and even the US are extraordinarily
high. New weapons will not solve this dilemma.

While some improvement in weapons design will always be possible, it is
hard to make the case that they are essential for our security or warrant the
cost of replacement of existing models. Even without a ban on testing, no
priority has been given to “modernizing” these weapons. It has recently been
argued that our forces need small yield limited effects weapons which do not
produce fallout and use neutron kill in order to increase the credibility of the
nuclear deterrent because of the greater likelihood that they might be used in
an actual conflict. This is, of course, a step in the wrong direction. Our allies
are not interested in becoming the loeale for a nuclear war which the US and
the Soviet Union might wage at their expense: they only wish to deter Soviet
aggression by making its risks unacceptable to the Russians. The US, in turn,
should not be in favor of any policy which increases the likelihood of even
limited nuclear conflict because of the danger that it might escalate and destroy
our society.

In any case, if the military or political circumstances required, we can avoid
fallout by exploding our existing weapons above the ground. Furthermore, we
already have available very low yield weapons for which the neutron effects
predominate over all others so there is no need to develop a whole new class of
weapons for this purpose. However, I question the military utility of a weapon
which relies on nuclear radiation to affect manpower since a large fraction of
casualties will not occur instantaneously, but lingeringly days or weeks later—
hardly a desirable characteristic for a battlefield weapon. Only those soldiers
who receive an overwhelming superlethal exposure will be unable to eontinue
using their weapons for an appreciable time.

Finally, an argument has been made that we need to continue nuclear testing
in order to check the reliability of our stockpiled weapons. However, Dr. Walske,
Assistant to the Secretary of Defense for Atomic Energy, indicated that, at least
as of the time of the hearings before this subcommittee in July 1971, nuclear tests
had never been conducted with stockpiled weapons solely for the purpose of check-
ing reliability. He also said at that time that uncertainty in reliability could be
beneficial by serving as an added factor in deterring the first use of nuclear wea-
pons because nearly one hundred percent reliability would be required to con-
sider initiating nuclear war. Reliability is of lesser importance for deterrent or
second strike weapons since no aggressor can count on surviving nuclear re-
taliation even from weapons of uncertain reliability. Therefore, a test ban which
prevented both the US and USSR from checking reliability would reinforce the
present state of mutual deterrence which President Nixon strengthened through
the ABM Treaty.

In summary, in the aftermath of SALT I, the needs for further nuclear testing
have drastically decreased. A complete ban on all tests is likely to be more re-
strictive on the Soviet Union than on the US and should improve the stability
of our mutual deterrent posture. The small risks which might now result from
clandestine testing under the lowered detection and identification threshold
have little security significance and are more than overbalanced by the gains
from preventing all tests in the higher vield ranges.

In view of these factors, President Nixon should seek General Secretary Brezh-
nev's agreement when they meet in June to the tabling at the Conference Com-
mittee on Disarmament in Geneva of a draft treaty or an amendment to the
Limited Test Ban Treaty of 1963 which banned underground tests and contained
verification provisions similar to those included in the ABM Treaty signed in
Moscow. While the treaty is being negotiated, President Nixon should declare
an immediate suspension of underground nuclear testing by the United States
for a= long as the Soviet Union reciproeates. This would not involve any risk to
US security, would be a demonstration to all countries that the US was at least
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prepared to bring to a halt the neverending gualitative nuclear arms race and
would be an important move, as was President Kennedy's American University
speech, toward the early conclusion of a formal treaty.

NECESSARY AMOUNT OF CHEATING FOR NEW BREAKTHROUGH

Senator Muskie. How much testing of this cheating variety would
be necessary to lay the basis for development of new nuclear technolo-
gies? Is it conceivable that one test would be sufficient or significant ?
Of course, Dr. Panofsky takes the position that no surprises are likely
in any case. But looking back, how much cheating would have to be in-
volved to trigger any real nuclear development, new breakthrough ?

Dr. Paxorsky. It depends on what you mean by breakthrough. As
an example, if one wished to make an occasional check on devices in
the stockpile, whether they are still in good condition, a single test
would be very useful. However, for that purpose, as I testified, other
means are available that do not require nuclear tests.

Senator Muskie. That kind of cheating would not be militarily
significant.

Dr. Paxorsky. It would be if you attempt to find a military im-
provement, but it would not be decisive or critical.

But given a free hand one might well wish to continue testing and,
after all, given a free hand the Soviets are indeed testing. But I can-
not conceive of any kind of nuclear test program underground at this
point which deserves the term “breakthrough” which you use.

Dr. Scovirre. Can I just comment ?

Senator Muskie. Yes, please.

Dr. Scovirie. It seems to me that one of the major worries we always
have is Soviet development of some kind of a MIRV system or stra-
tegic system which would permit a first strike.

Now, it seems to me just inconceivable by cheating the Soviets
could develop a strategic warhead of the yield range which to be
really useful must be higher than 10 or 20 kt, it must be someplace
up in the 50 kt's or above. I think a test, or tests, since actually a
single test wouldn't do it, which would have any serious security effect
would clearly be detectable. We would identify it and know immedi-
ately it was a violation. It is a long way from an occasional test of one
kt to having a weapon which you would be willing to deploy and
would be a real weapon able to threaten our Minuteman force.

U.5." KNOWLEDGE OF STATUS OF SOVIET MIRV DEVELOPMENT

Senator Muskie. As a matter of fact, you mentioned MIRYV testing.
Don’t our military people feel pretty sure they are on top of Russian
developments in this field wholly on the basis of our national means
of inspection of what they are doing?

Dr. Scovivie, That is true of the testing of the MIRV delivery ve-
hicle itself. Now as far as the warhead for it we don’t know the status
of Soviet development of a warhead since now that tests are carried
out underground one does not know the details.

On the other hand

Senator Muskie. You know testing is going on.

Dr. ScoviLre. We know testing is going on, but you don’t know
whether it was a MIRV warhead or exactly what its characteristics
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are. On the other hand, the Soviet missiles so far have never had any
requirement for a small high yield warhead, a warhead with small
dimensions also, which will be required for a MIRV system which
would have the accuracy and the number of MIRV'’s to threaten our
Minuteman. Now it is possible they have developed a warhead for this
purpose even though they have had no requirement for it. On the
other hand, I think there is a distant possibility that they would still
need more nuclear tests in order to have this capability, certainly to
have as good a capability as they perhaps would need to have if they
were going to be a threat.

So in a sense it seems to me in this particular area a comprehensive
test ban could actually be a real boon to our security because it would
prevent the Soviets from acquiring such a eapability or certainly make
it much more difficult.

NATURE OF ONSITE INSPECTION

Senator Muskie. What is the nature of an onsite inspection ? What
kinds of techniques? How much activity ? How much personnel or how
many ground areas would be involved? Can you envision what it
would be like ?

Dr. Scovitie. Well, T think what one is talking about today, al-
though I am not sure they have gone into a lot of detail on the specifics
of it recently, is probably a lot less extensive than the kind of inspec-
tion that Governor Harriman was talking about earlier. Back in 1963
one was really talking about large numbers of people staying for a
long time, helicopter flights all over the place. At the present day there
are just two techniques one talks about, one is radioactive gas sam-
pling in which you would go in and collect gas samples and see if
they contained radioactive Krypton. The other thing would just go
in and carry out visual inspection on the ground. If you have detected
a seismic event in an area that contained a mine you might go in the
area and poke around to see if yon might find evidence of a nuelear
explosion or preparation for one. Both of these kinds of things prob-
ably can’t be done by satellite, although looking for activity, human
activity, can be done by satellite very satisfactorily. That is one reason
why the satellite collection would be very useful.

COMPREHENSIVE BAN'S EFFECT ON PEACEFUL EXPLOSIONS

Senator Muskie. I have a question I was asked to put in behalf of
Senator Haskell. I think it has already been covered by testimony, but
I will put his specific question to you so you can respond to it on the
record. Dr. Scoville, what would be the effect of a proposed compre-
hensive test ban on such peaceful explosions as Rio Blanco, which
is designed to stimulate natural gas.

Dr. Scovitee. Well, both Dr. Panofsky and Mr. Farley addressed
the problem of peaceful nuclear explorations earlier. It is clear peace-
ful nuclear t‘xp]lnsimls present problems for test ban because the veri-
fication difficulties are very extreme. I think Mr. Farley’s proposal
this morning was probably a good one. If you can’t work out details
for how these could be carried out under a test ban, one would stop
these peaceful explosions for a few years while one tried to develop
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schemes for adequate verification. I would approve of his proposal in
that connection.

In connection with the problem which I think Senator Haskell is
worried about, which is the Rio Blanco test, which is scheduled for
Colorado in the near future, that particular test only involves three
nuclear explosives. On the other hand that particular test is only the
first step (llmvn a long road of many nuclear explosions before you
have even feasibility determined. The AEC has stated in their en-
vironmental statement that perhaps as many as 300 nuclear explosives
would have to be fired off before one would even know whether the
method was technically feasible and it was worth building a pipeline.
To get useful gas in the Rio Blanco area a thousand nuclear explosives
may be needed. This is the very kind of point that was being referred
to by Dr. Panofsky this afternoon. I personally think that one is just
whistling when one talks about firing off a thousand underground nu-
clear explosives in a small area of Colorado. This is more than we
have tested in all the time so far, more underground ; even the 800 for
feasibility is more than we have done in our whole weapons program
in the whole 10 years since the test ban treaty.

Dr. Paxorsky. May I respond to that?

Senator Muskie. Ves,

Dr. Paxorsky. I think whether a comprehensive nuclear test ban
is or is not compatible with the kind of activity as the Rio Blanco
tests depends on the standards of verification. T mean if we use the
kind of standards of verification which Dr. Foster talks about, in-
cluding the requirement for onsite inspection for essentially all sus-
pected events, then clearly such activities are incompatible with a com-
prehensive test ban. If one is willing to negotiate some system where
you have observers at the point of detonation or other missions for
which there are several proposals, mechanisms might be found to make
a comprehensive nuclear test ban compatible with peaceful nuclear
explosions. But again I believe that this is a false obstacle to be raised
in opposition to a test ban because the economie benefits are so remote
and the likelihood that any country in the world will accept the kind
of ecological insults which a thousand explosions will involve are so
remote that I think there is plenty of time to negotiate provisions for
permitting peaceful uses of nuclear explosions as a separate amend-
ment or addition to a preexisting comprehensive nuclear test ban.

COMMENDATION OF WITNESSES

Senator Muskie. I wish I had the time to continue but T have an-
other appointment. I would like to express my appreciation to both
of you, especially for your sitting through this morning’s hearings so
that you could give us the benefit of your reaction and respond to the
arguments made in opposition to this resolution. We need those argu-
ments,

Thank you both very, very much.

[ Whereupon, at 4:05 p.m, the subcommittee adjourned subject to
the call of the Chair.]




APPENDIX

STATEMENT RBY SENATOR CHARLES McC. MATHIAS, Ji. (R.-Mbp.) BEFORE THE
SUBCOMMITTEE ON ARMS CONTROL, INTERNATIONAL LAW AND ORGANIZATION OF
THE SENATE FOREIGN RELATIONS COMMITTEE IN SUPPORT OF SENATE RESOLUTION
67 CaLuing UPoON THE PRESIDENT T0 PROMOTE NEGOTIATIONS FOR A COMPREHEN-
SIVE TEST BAN TREATY, TUESDAY, MaY 1, 1973

I am happy to be able to testify in support of Senate Resolution 67, of which I
am a co-sponsor. Senate Resolution 67 represents a fusion of various previous
resolutions on a comprehensive test ban treaty presented to the Congress during
the past year and a half. The resolution is a very modest one, but it seems to me
to represent a proposal for a significant arms control effort. It entails no risks
and could do much to strengthen world security by lessening the danger of a
nuclear war. In essence, this resolution calls for a mutual moratorium by the
United States and the Soviet Union. In addition, it urges the administration to
make a proposal to the Soviet Union and other nations for a permanent treaty
to ban all nuclear tests.

Most of the witnesses who will testify today testified last year. During the
past year, very little has changed, except for the very important fact that there
is more authoritative scientific information which indicates that on-site inspec-
tion is no longer a necessary requirement. In fact on-site inspection is a less reli-
able means of verification than the improved seismic means of detection now
available,

These hearings will address the question as to what will be lost to the United
States security by a comprehensive test ban. On the basiz of available evidence,
it is my view that very little will be lost. As Dr. Panofsky pointed out last year
and in his testimony this year, nuclear weapons technology is at a mature stage of
development. The refinements to be gained by further testimony are of marginul
significance. It should be admitted, however, that a continued nuclear test pro-
gram could produce some changes in nuclear weapons technology, partieularly
in the efficiency and economy of nuclear devices, but in my view these changes
do not warrant holding up a complete test bhan.

It should also be borne in mind that a comprehensive test ban will not of itself
yield significant arms control benefits, It will be signifieant only in the eontext
of successful SALT talks, and a more extensive application of the nuclear non-
proliferation treaty, In saying this, I do not wish to diminish the importance of
making an effort to achieve a comprehensive fest ban. A comprehensive fest ban
would constitute an important step in limiting the nueclear arms race and wonld
be an aid in preventing the use of nuclear weapons in war.

I would hope that the administration would initiate with the Soviet Union
negotiations on a comprehensive test ban as soon as possible. The Disarmament
Conference at Geneva offers a good place to begin the negotiations., In fact,
when President Nixon meets with Mr, Brezhnev in June, that might be an ap-
propriate oceasion to raise the issue,

The TUnited States is obligated under the provision of the Nueclear Nonpro-
liferation 'Treaty to undertake further arms control efforts. This pledge was
reiterated in the joint statement issued by the United States and the Soviet
Union in Moscow at the signing of the SALT Treaty and the Inferim Agreement
in May 1972.

The Arms Control and Disarmament Agency does not have the responsibility
in the SALT IT talks that it had nnder SALT I, so it seems to me that ACDA is
now in a good position to carry out preparations leading to a comprehensive test
ban.
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This modest step of calling upon the United States and the Soviet Union to
begin a mutual effort to bring about a complete test ban is a practical and worthy
one. It is my hope that hearings on this Resolution, which are to take place today,
will assist in bringing about that desirable end.

U.S. AtoMic ENERGY CoMMISSION,
Washington, D.C., May 30, 1973.
Hon. Epmunp 8, Muskie,
Chairman, Subeommittee on Arms Control, International Law, and Organization,
Committce on Forcign Relations, U.8. Senate.

DeAr SeENaTorR Muskie: The Atomic Energy Commission appreciates the op-
portunity provided by your letter of May 11, 1978, to provide comments on Senate
Resolution 67 for the record of the Subcommittee’s hearing on May 1, 1073. We
are pleased to submit the enclosed comments for that purpose.

Sincerely,
(Bigned) Dixy Lee Ray, Chairman.

U.S. AroMic Exercy CoMiissioN COMMENTS oN SENATE RESOLUTION 6T

United States policy is to support the achievements of a comprehensive nu-
clear test ban that is adequately verified. This policy has been publicly affirmed
in numerous policy statements as well as by U.8. agreement to the Limited Test
Ban Treaty of 1963 and the Nuclear Non-Proliferation Treaty of 1968.

The Atomic Energy Commission supports this policy. Nevertheless, the AEC
has certain reservations with respect to 8. Res. 67. The potential political and
national security benefits that might result from a total cessation of nuclear
testing have been covered by others before the Subcommittee, The ARC wishes
to stress that these potential benefits would be obtained only if any arrangement
for cessation of nuclear testing was broadly adhered to and was truly effective
in stopping nuclear tests, If that were not the case, there would be significant
drawbacks associated with a cessation of U.S. nuclear testing that would need
to be seriously considered.

Expert witnesses before this Subcommittee have already provided technical
information with respect to the effectiveness of existing verification techniques.
The AEC desires to emphasize that, while the capability to detect and identify
nuclear tests has improved, the military significance of low yield nuclear tests
has also increased. The public record of the U.8S. nuclear testing program indi-
:ates that over half of the announced tests have explosive yvields of less than
20 KT. Underground nuclear tests below this level are the most difficult to
detect and identify using even the most advanced verification techniques cur-
rently available. Yet nuclear tests at these lower levels provide much of the
fundamental knowledge required for a nueclear weapons development program.

In view of existing practical limitations on seismic monitoring systems, on-
site inspection should be an integral part of any nuclear test cessation. On-site
inspections intrinsically provide the greatest possibility for establishing that a
suspicious seismic event is nuclear, They also provide an open procedure enabling
all participants to verify to their own satisfaction that the nuclear test cessation
is observed: they are necessary for assuring compliance and consequent con-
fidence in the basic arrangement.

There are several drawbacks to the proposed moratorium approach that need
to be considered.

1. A bilateral moratorinm probably would not be any more effective in restrain-
ing third countries from nuclear testing than existing treaties. A moratorinm
would be far less effective than a formal comprehensive test ban treaty in
furthering the goal of non-proliferation.

2. Such a moratorium would not include the safegnards that should be included
in a formal treaty and would therefore be less desirable than a comprehensive
fest ban treaty. Without accepted or established criteria for ascertaining if a
violation of the moratorium had oceurred, there would be no effective basis for
challenging a suspicions oceurrence. Such an informal arrangement, which conld
be breached without significant penalties, could lead to suspicion and instability.
In addition, if one country was able to test clandestinely while the other observed
the moratorium, then a decisive advantage might acerue to the country doing
the testing.
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3. A U.8.-Soviet Union moratorium could be construed as U.S8, acceptance
of the Soviet Union position that national means are adequate for verification
of a nuclear test ban. Hence, efforts in later negotiations to include verification
measures in the context of a comprehensive test ban treaty could be seriously
hampered. Moreover, there would be less incentive for the Soviet Union to
negotiate a comprehensive test ban treaty once such a moratorinum was in
effect.

4. Past experience of the U.S. with a nuclear test moratorinm (1958-1961)
was not satisfactory. The U.8, was taken by surprise when the Soviet Union,
after extensive undetected preparation, resumed testing with an elaborate test
series.

As emphasized earlier, the potential benefits of a cessation of nuclear testing
wonld be obtained only if an arrangement for complete cessation of nuclear
testing was broadly adhered to and was truly effective in stopping nuclear weap-
ons testing. In the absence of an adequately verified formal agreement the U.8.
has been pursuing a path toward highly advaneced technology in nuclear war-
heads. Quite early in the history of the strategic missile program it became ap-
parent that overall system cost effectiveness could be increased by pushing the
state-of-the-art toward the development of light, efficient warheads thus permit-
ting smaller and less expensive but more effective and reliable weapon systems.
This path of advanced technology is not one to be abandoned lightly and certainly
not without adequate assurances that national security will not be degraded.

There are some unigue advantages associated with nuclear testing. For exam-
ple, nuclear testing provides an opportunity to study and evaluate nuclear
effects. An understanding of nuclear effects is essential in the effort to reduce
the collateral damage associated with nuclear weapons and to check and evaluate
the effectiveness of warheads. Nuclear testing also provides continuing confirma-
tion of the reliability of the 1.8. stockpile of nuclear warheads. Such reliability
becomes all the more essential in view of limitations resulting from SALT. The
AEC believes this reliability cannot be achieved with the same degree of confid-
ence through even unlimited non-nuelear testing or rebuilding of warheads.

Nuclear weapon technology should not be viewed as mature and lacking in
areas to investigate. There are advances in the national security field which, in
the absence of an adequately verified comprehensive test ban treaty, should be
investigated. For example, precision guided munitions open a new field for nu-
clear development. Such munitions coupled with low-yield nuclear warheads
designed for minimum collateral damage have the potential of significantly en-
hancing the deterrent impact of tactical nuclear forces. In addition, one of the
growing concerns in the nuclear weapons area is related to improving the ability
to prevent the nse of a stolen or captured weapon by an unauthorized party.
While there are some methods at hand now, the AEC is developing several even
more effective ways of accomplishing this end. Some of these techniques require
nuclear testing in order to verify their compatibility with nuclear weapon
designs.

It is not clear whether, in advocating a permanent treaty to ban all nuclear
tests, 8. Res. 67 was intended to include peaceful nuclear explosive tests and/or
peaceful nueclear explosion applications. Both contained underground engineer-
ing applications and excavations with nuclear explosions have technieal, econom-
ie, and in some cases, environmental advantages over conventional practice. The
1.8, has an energy shortage. Production of natural gas and petroleum from oil
shale, as well as creation of underground storage space for these commodities
using peaceful nuclear explosions, may help ease that shortage.

The U.S. technology base in peaceful nuclear explosions can be employed
domestically, as in the recent Rio Blanco natural gas production experiment, and
internationally as an aid to non-nuclear weapon states and lesser developesd
countries which may anticipate the availability of this assistance pursuant to
the non-proliferation treaty. Thus, full consideration needs to be given to work-
ing out arrangements including safeguards for accommodating peaceful nuclear
explosions under a comprehensive test ban treaty.

The AEC has studied possible safeguards which could be effectively employed
to insure that peaceful nuclear explosion applications are not being used as
a cover for weapon tests and will discuss these with the Subeommittee if that is
desired.

In conclusion, the AEC is not in favor of Senate Resolution 67 becanse it ealls
for initiatives by the U.S. which do not appear to be justified in view of the tech-
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nical and political considerations discussed above. In the absence of a compre-
hensive nuclear test ban treaty adequately verified, the AEC believes there are
compelling reasons for the U.S. to continue with a nuclear weapon development
program.

Task ForcE ror THE NUCLEAR TEST Bax,
Washington, D.C., May 8, 1973.
Senator J. W. FULBRIGHT,
Chairman, Senate Foreign Relations Commitiee, Senate Office Building,
Washington, D.C.

DeAr SENATOR FULBRIGHT : It is important, I believe, that the enclosed material
is brought to your attention, in connection with the scheduled hearings on the
appointments of new officers for the Arms Control and Disarmament Agency.

The material, which is being submitted in my individual capacity and not on
behalf of the Task Force for the Nuclear Test Ban, summarizes recently disclosed
evidence on the role of the U-2 affair in the collapse of the 1960 “summit” meet-
ing. This evidence has been uncovered since the Senate hearings on this subject in
the spring of 1960. As you will recall, it was expected an arms control measure,
the test ban treaty, would be coneluded at the 1960 meeting,

The coming hearings on the confirmation of Fred Ikle and Amron Katz to
positions in the Arms Control and Disarmament Agency should provide an op-
portunity to discuss the current U.S. position on the comprehensive test ban. As
you know, the Arms Control Subcommittee held a day of hearings on this jssue
on May 1, at which both Senator Kennedy and Ambassador Averell Harriman
urged that the test ban should be included on the agenda of the “summit” meeting
now scheduled for June. However, government witnesses made clear that the
Nixon administration still supports the demand for on-site inspection of a test
ban agreement—a condition which has prevented conclusion of this treaty for
over a decade.

I hope you will find the information in the enclosed piece relevant background
for your questions on test ban policies at the hearings.

With best wishes,

Sincerely,
(Mrs.) JosePHINE POMERANCE,

A NucrLear Test BAN AT THE SumamiT?
(By Jo Pomerance)

“The unwarranted influence of the military industrial complex", as President
Eisenhower predicted, has reached into significant areas of the nation’s resources
as well as into its foreign policy. The inability of Congress so far to make sub-
stantial cuts in the defense budget, or to completely halt hostilities in Indochina
are manifestations of the continuing sickness of the body politic. This infection
stems, in great part, from the power acquired by the vast defense establishment,
including the intelligence community, developed in the nuclear era.

Most recently the hard liners have initiated a reorganization of the Arms
Control and Disarmament Agency, reportedly direeted at a reduction of the
Agency’s influence. The task of protecting the nation from nuclear attack, against
which there is clearly no effective resistance, has seemingly made defense an
end in itself. Indeed the perpetuation of the deterrence program has become
so vital to many of the administration’s policy makers, and to the business and
military interests which are involved that the end seems to justify the means.
Either for patriotic motives as they see them, or merely to preserve sfatus or
income, the leading hard liners have often misrepresented the facts and deceived
the public in their efforts to promote the defense establishment, sacrificing
opportunities for peaceful settlement and arms control agreements in the process,

Conenrrent with the attempt to reduce the status of the Disarmament Agency,
for example, the administration has insisted on maintaining policies which pre-
vented a test ban agreement for over a decade. Although most of the nation’s
leading scientists now argue that a test ban agreement can be verified by national
means alone without endangering security, the administration continues to de-
mand on-site inspection—a condition the Russians will never aceept.

This government position, is only the most recent indication of official inflexi-
bility on this test ban question. Over the years, the officials administering the
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testing project have been stubbornly determined to continue testing. They have
done this even though experts claimed a test ban agreement could be concluded
with the Russians without loss of security and even though no further advantage
could be gained by additional tests. The question arises: how has this contro-
versial program been perpetuated?

The one ineident which perhaps more than any other insured the continuation
of testing was the collapse of the “summit” meeting in 1960 as the result of the
crash of an American U-2 spy plane over the U.S.8.R. Although questions were
raised at the time about the motives for government policy decisions in the
affair, two Senate hearings were unable to find satisfactory explanations for
the U-2 flight or for the confusion among American diplomats when the plane
was captured. Today it is particularly timely to review this episode, not only
because in the intervening years new evidence has become available, but because
there may shortly be another summit—this one between President Nixon and
Soviet party leader Breszhnev, where the test ban is again expected to be high
on the agenda.

Briefly, the facts are these. Preparations for a summit meeting between Pres-
ident Eisenhower and Premier Khrushchev at which it was hoped some of the
pressing international problems would be solved, were begun in 1959. Secretary
of State Herter expected “an interim agreement for Berlin” might be possible
and that the “disarmament deadlock” might be broken, most probably through a
ban on nuclear testing.® At the Geneva test ban negotiations, Ambassador Wads-
worth of the U.S. and Ambassador Michael Wright of the UK. were both con-
vinced that the Russians wanted the test ban agreement and that adequate prep-
arations had been made on the terms of the treaty. They were apprehensive, how-
ever, since they had not received new instructions for months. Rumors were
circulating that John A. MeCone, Chairman of the U.S. Atomic Energy Commis-
sion, the agency responsible for the testing program, had asked the President
to break off the talks." Rumors of McCone's strong opposition to the test ban
were confirmed about a month before the scheduled summit meeting, in a column
by Joseph Alsop on April 4th in the New York Herald Tribune. McCone's general
thesis, Alsop reported, was that a test ban could not be adequately verified and
that further testing was essential to security. Commenting on a speech by Me-
Cone outlining these views, Alsop wrote : “These are the appalling facts to have
to face at the present stage of American policy making. With the summit confer-
ence just around the corner, the American government stands virtually commit-
ted to the wholly inadequate Geneva detection system . . . In the circumstances”
he continued, “one must admire the moderate way Chairman MecCone has pressed
on President Eisenhower the case for the go slow approach to the voluntary mora-
torinm on tests.” Here, Alsop seems to imply that stronger action is needed. It
is not known whether McCone took additional action to prevent the test ban.
It is known that subsequently his conclusions on this question were shown to be
completely false. Nevertheless, the AE.C',, the agency he represented, continued
opposition to the test ban.

Officials in another government agency were also disturbed by the prospect of
the summit conference, David Wise and Thomas Ross, writing in “The T-2
Affair,” report that within the CIA, which ran the U-2 espionage program, and
in the intelligence community in general, “there was an uneasy feeling as the
summit approached that a detente might be reached in Paris . . ., An interna-
tional rapprochement, followed by Eisenhower's trip to Russia, would make fur-
ther flights politically impossible in the foreseeable future . . . There was a
strong desire therefore to get one last mission in under the wire.”? As a conse-
quence, despite the fact there had been suspension of flights in the past at sensi-
tive periods,' a U-2 flight over the U.8.8.R. to obtain further information on
missile installations was authorized for May 1, just two weeks before the summit.
The pilot was Francis Gary Powers who has since reported his experiences in
“Operation Overflight,” a book which the CIA, under the Chairmanship of Me-
Cone, succeeded in suppressing from 1961 until 1969. In his book Powers reports
that before May 1st, the overflights had been drastically reduced for a period of
about two years. Although some other surveillance missions had been scheduled,

L Ross, Thomas B.. and Wise, David, The =2 Affair. Random House, Ine., New York,
1962, pp. 141, 2
1 2 Interviews with Ambassadors James Wadsworth and Michael Wright, Geneva, May
a60 ]
3 Ross and White, op. cit., p. 265.
¢ Ibid., p. 176.
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“Months would pass without one,” he writes. “Then suddenly, after a long
pause, two flights were scheduled for the same month, April 1960.” ® Is it probable
as Wise and Ross report, that these flights were ordered at the time of the summit
because they were so essential, if all flights had already been virtually sus-
pended for a two year period? Certainly Powers' account raises questions as to
the eredibility of the official reason for the May 1st overflight.

Powers also reported he was unusually nervous during the flight because,
instead of his customary plane, he was assigned one flown over the night before
from Lockheed, where it had been sent for repairs. It was “known as ‘a dog,'
never having flown exaetly right. . . . No sooner was one malfunction cor-
rected than another appeared. Its current idiosynerasy was one of the fuel tanks
which wouldn't feed all of the fuel. But not all the time, just occasionally.”®
Moreover, in a recent interview with Paul Jacobs, a Los Angeles writer, Powers
said he has since discovered his own plane was not disabled as he was told.
Doesn’t it seem extraordinary that, at so sensitive a period, a plane which i
obviously accident-prone should be assigned to fly over the Soviet Union? Here
again, Powers seems to be questioning the motive for the overflight.

rowers took off from Peshawar, Pakistan, flying at about 65,000 ft, to escape
Soviet fighter planes and anti-aireraft missiles. Above Sverdiovsk the plane
crashed, and Powers parachuted safely to the ground where he was arrested and
taken to the Soviet anthorities. Later at his frial, and at the Senate hearings,
Powers testified he was sure nothing hit his aircraft.” The plane, he thought,

sabled by an internal explosion or by a shock wave from a near miss by
a4 Russian anti-aireraft rocket. Although the official Soviet story was that Powers
had been hit by a single rocket, even the Communist press questioned this ver-
sion, At the operating level of the U-2, Soviet height-finding radar was still
judged to be ineflective.

On May 7, Khrushchey announced from the Kremlin that the pilot, Powers,
had been captured, concluding: “I am prepared to grant that the President had
no knowledge of a flight Leing dispatched to the Soviet Union and failing to
return. But it should alert us still more . . . when the militarists begin to run
the show . . . the result can well be disasterous.” A few hours later, the Presi-
dent’s press secretary, James Hagerty, announced to newsmen that the 1.8,
would resume nuclear testing, under Project Vela, to improve its ability to detect
such blasts. The reporters gained the impression the tests could involve nuclear
weapons, Wise and Ross comment, “Because the announcement of renewed 1.8,
atomic testing came a few hours after Khrushehev's speech, it was inevitable
that the two became linked in many minds as a bellicose United States answer to
the spy plane charges.” *

The rest of the story, is. of course, history. Khrushchev was furious that a
U.S. spy plane should have been authorized just prior to the summit when a
climate of frust was so essentinl. The Americans made matters worse by their
response to the Soviet accusations. Wise and Ross comment on the Ameriean
handling of the crisis this way : “By lying, when it could have remained silent,
by admitting it had lied, by disclaiming Presidential responsibility, and then
admitting Presidential responsibility, and finally by implying the flights would
confinue, the United States made it impossible for the summit to take place.”
Is it probable that seasoned diplomats would become so confused they would
make this succession of errors?

The President, who Powers states was never adequately informed of the cir-
cumstances of the flight.” tried to take an independent stand from his advisors.
He finally announced at the conference table in Paris that he had ealled off the
U-2 flights. Khrushchev had demanded this pledge as a condition for attending
the summit. He could not do otherwise and remain Premier of the 1.8.8.R. When
the pledge came, however, it was too late, and Khrushehev left Paris.

The Senate investigation by the Foreign Relations Committee was held en-
tirely in executive session between May 27 and June 2, 1960. The CIA testi-

" Powers, Francis Gary, Operation Overnight. Holt, Rhinehart and Winston, Ine., New
York, 1970, p. 69.

& Ibid., p. 76.

7 Ibid., p. 322,

* Ross and Wise, op. cit., p. 100,

* Powers, Frances Gary, op. cit., p. 352.
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mony was expurgated by CIA officials before the record was released to the
press according to the statement on the fiyleaf. Even with all the secrecy, the
disaster was not fully explained. Few Committee members asked questions about
the crueial points in the affair. The Committee did confirm that the decision to
send the U-2 was not made by top officials. President Eisenhower merely author-
ized a group of flights without any thought that vne might be close to the sum-
mit, nor was he reminded of this significant point when his approval of the
plan was requested. Richard Bissell, Deputy Director of the CIA made all the
arrangements,

The Committee seemed concerned that government moves had helped to make
the .8, ima nfficiently belligerent to hasten the collapse of the summit. They
pressed witnesses particularly on two points: first, how did Viee-President Nixon
happen to state on television on May 14 that the flights would continue when the
President had given the order to halt them on May 12% Moreover, since there
didn't seem to be any emergency, why did Secretary of Defense Gates order a
world-wide alert of U.S. forces at the moment it appeared Khrushchev might re-
consider his decigion to leave Paris? "

The disaster at the summit ruined hopes for an early easing of the interna-
tional climate and postponed a comprehensive test ban treaty for years. It is
possible to conclude from the evidence presented here, much of it only now as-
sembled together, that mere negligence was not the cause of the tragedy, but
that persons and/or agencies planned to prevent the detente which could have
resulted from the summit. Commenting on similar U.S. intelligence missions
which have had an extraordinary impact on history, Peter Dale Scott writes,
“The Pueblo erisis needs to be understood. ... There are too many indications
that many alleged ‘errors’ and ‘coincidences’ on the American side without which
the incident would not have occurred; were in fact not errors and coincidences
but part of an enduring pattern of artificially produced provocations and/or
‘erises’ the recurrence of which has contributed to the increasing militarization
of American foreign policy since the all-too comparable U-2 incident of 1960"."
In a new book on the CIA, C. Fletcher Prouty suggests a plot against the peace:
“If by any chance the thought had occurred to the four men who Iaunched it
that the failure of this relatively unimportant flight would completely wreck
and vitiate all of the hopes and plans of the Eisenhower Crusade for Peace, they
conld not have chosen a more effective method or time to have done it, The very
fact that what was done conld have heen done so easily according to a sinister

not an accident or Soviet act, serves only to fuel the thought that it might

ve been done on purpose. Such a simple thing as failure to supply the plane

with sufficient hydrogen for the fight could have resulted, just as it did, in the

certain flame-out of the engine and the subsequent failure of the mission—

or the success of the mission—depending upon the secret intent of those who

digpatched it." "™ Prouty goes on to say the flight was “launched and directed by
a small cell of inner elite™—by four men, whose names he does not reveal.

Today, a new campaign for the test ban is being initiated with the introduction
of Senate Resolution 67 on February 20, 1973, and another summit meeting is
scheduled in late June. Evidence that the public has been completely mislead in
recent years by the AE.C. and the Pentagon about the the necessity for on-site in-
spection for adequate surveillance of a test ban agreement have already been
presented at Senate hearings. The new disclosures assembled here indicating the
1960 summit meeting may have been sabotaged in part to prevent the test ban
agreement, are also important to an evaluation of the government’s position on
this arms control measure, The evidence could be exploded further at additional
hearings at which John McCone, Franecis Gary Powers and Fletcher Prouty would
be among the witnesses who would be asked to provide whatever information they
might possess, If at all possible, it would seem the Senate Foreign Relations Com-
mittee, which is empowered to oversee government operations in this area, should
have the facts.

W Events Incident to the Summit Conference, Sennte Forelgn Relations Commlittee Hear-
Ings. My Todune 1 andd 2, 1960,

1 Seott, Peter Dale, The War Congplracy, Bobbhe-Merrill Co., Inc., New York, 1072 _p. 112,

12 I‘r;nlt_\'. L. Fletcher, The Secret Team, Prentice-Hall, Ine."Englewood Cliffs, N.J. 1973,
pp. 354-5.




Tie Rirox SoCIETY,
Washington, D.C., April 26, 1973,
Hon. CaarLES McC. MATHIAS,
U.S8. Senate,
Washington, D,C.

DearR SENATOR MATHIAS: As a principal co-sponsor of 8. Res. @7, you are no
doubt aware of The Ripon Soclety's past support for attempts to encourage nego-
tiations for a comprehensive nuclear test ban treaty.

Last year, in response to a resolution similar to S. Res. 67, Ripon urged the
Administration to actively promote negotiations leading to a test ban treaty. In
our statement, a copy of which is enclosed, we observed “that a more propitious
time for agreement upon such a treaty may not easily be found again.”

A year has passed since we issued our statement, and we are not any closer to
negotiating a test ban treaty. Therefore, on behalf of The Ripon Society, I want
to reiterate our strong support for a comprehensive nuclear test ban treaty.

We wish you and your colleagues every success in your efforts to secure Senate
passage of 8. Res. 67.

Sincerely,
MicuaAEL F. MacLEeob,

National Director.

Enclosure,
STATEMENT BY THE RiroN SoCIETY

A renewed willingness to actively pursue the negotiation of a comprehensive
nuclear test treaty would be in keeping with the best of the foreign policies
of the Nixon Administration. A successful treaty would be an important com-
plement to a SALT agreement, and a significant item in the list of initiatives
which this administration has undertaken, to reshape the Soviet-U.8. relation-
ship, and even in some respects, the structure of world order.

Such a position is possible and in fact easy, for Mr. Nixon to take. Modern
seismic technology can detect and identify all but the trivially smallest seismic
events, hence the traditional American position that any agreement must include
provisions for on-site inspection, can safely be jettisoned, or at a minimum, sub-
stantially modified.

A number of benefits are likely to accrue from a comprehensive test ban
treaty. Perhaps the most significant, ig that it would act as a substantial brake
upon the development of new weapons systems and hence upon the arms race.
An important point here is that this brake would be applied at the final develop-
ment and engineering stages and hence would not necessarily inhibit the early
stages of research much, if at all.

Beyond its impact upon the U.8.-Soviet Arms Race, a comprehensive test ban
treaty could well serve to bring additional nations to ratify the non-proliferation
treaty of 1968, and perhaps even serve to inhibit the atmospherie testing of
France and China.

A third benefit of substantial significance is the elimination of the environ-
mental risks Inherent in continued underground testing. Among these are the
accidental venting of radloactive debris into the atmosphere, which has occurred
frequently enough to cause substantial concern; the possible contamination of
underground water and/or surrounding earth, which can find its way into rivers
and streams and thereby raise radiation levels over broad areas; and finally the
not insubstantial risk of triggering earthquakes in some areas.

The costs to United States national security are very small or nonexistent. The
warhead stockpile is enormous, the technology is highly sophisticated. It is ex-
tremely unlikely that any pressing need to test substantially new warhead tech-
nology could be warranted in the foreseeable future, and a working agreement
might well preclude that need indefinitely. Furthermore, such treaties can be
written with an escape clause, as was the 1963 Limited Test Ban Treaty, whereby
pressing dangers to the “supreme national interest” can allow for the abrogation
of the treaty.

Beyond arguments over the merits of a comprehensive test ban, it is also im-
portant to realize that a more propitious time for agreement upon such a treaty
may not easily be found again.
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The strategic parity between the United States and the Soviet Union may well
make the Soviets more likely to agree to such a treaty, than they have been on
such matters in the past,

We would therefore strongly urge the Administration to initiate active efforts
to reach agreement on a comprehensive Test Ban Treaty, as an important and
logical part of its foreign and national security poliey.

LETTERS AND ARTICLES SUBMITTED BY SENATOR Epwarp M. KENNEDY REGARDING
SENATE REsoLUTION 67

THE ArMS8 CONTROL ASSOCIATION,
Washington, D.C. April 27, 1973.
Hon, Epwarp M. KENNEDY,
U.8. Senate,
Washington, D.C.

Dear SEnAToR KENNEDY : I am grateful for your kind invitation to comment on
Senate Resolution 67, calling for a Comprehensive Test Ban Treaty, combined
with an immediate suspension of all United States underground testing for so
long as the Soviet Union similarly abstains.

I enthusiastically and unreservedly endorse the Resolution, As Director of the
Arms Control and Disarmament Agency from 1961 to 1969, as Chairman of the
Arms Control Association for the past two years, and as a citizen who has long
been concerned about the needless, costly, and dangerous continuation of the
nuclear weapons race, I have always viewed the achievement of a Comprehen-
give Test Ban Treaty as an arms control measure of the first priority. I believe
that an immediate end to nuclear testing by the United States and the Soviet
Union, even if others do not at once follow suit, is very much in our security in-
terest, and that continued testing is an unwarranted inhibition to progress in
SALT and to the durability of the Non-Proliferation Treaty. It provides con-
tinued and embarrassing evidence of a lack of commitment to the solemn treaty
undertaking we made, both in the 1963 Limited Test Ban Treaty and in the Non-
Proliferation Treaty, to continue to work for an agreement banning all nuclear
testing. Although adequate verification of a CTB once required on-site inspection,
nuclear test detection and identification technology is now such that we can enter
safely into a test ban agreement using existing national means of verification
without on-site inspection. The SALT I agreement contains important precedents
in this regard. Finally, I applaud the intent of the Resolution to facilitate the
conclusion of an early agreement by the immediate suspension of nuclear testing
in advance of a formal agreement for so long as the Soviet Union does likewise.

In the remarks that follow I will elaborate on some of the foregoing observa-
tions, although it is with a sense that much of what will follow has been said
many times before, by myself, by others who have labored in the arms control
field with me over the years, and by the many dedicated lawmakers like your-
self who have worked to make the world a little safer.

In my view the Resolution provides sound basis for the speedy completion of
some long unfinished business.

I commend you and the co-sponsors of this Resolution for your initiative.

Sincerely,
WirriaMm C. FoSTER,
Chairman.

INTERNATIONAL UNION, UNITED AUTOMOBILE, AEROSPACE &
AGRICULTURAL WORKERS OF AMERICA—UAW,
Washington, D.C., April 28, 1973.
Hon. Epwarp M. KeExNEDY,
U.8. Senate, Russell Senate Office Building,
Washington, D.C.

DeAR SENATOR KENNEDY : The UAW strongly endorses the Senate Comprehen-
sive Nuclear Test Ban Resolution and urges all Senators to support it.

The resolution requests the President to propose “an immediate suspension
on underground nuclear testing, to remain in effect so long as the Soviet Union
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abstainsg from underground testing,” and calls upon him to “set forth promptly
a new proposal to the government of the USSR and other nations for a per-
manent treaty to ban all nuelear tests.”

The UAW has long advocated a complete, rather than a partial nuclear test
ban. In the words of our 1970 Constitutional Convention Resolution on Peace
and Disarmament :

“No less important to the development of a peacefnl world is the attainment of
a comprehensive test ban treaty between the United States and the Soviet Union.
Underground nuclear testing, while resulting in no significant nuclear fallout,
does contribute to the further refinement of MIRV and ABM capabilities, and
thus adds an extra spurt to the race for first-strike superiority. Only a successful
conclusion to SALT can, in our judgment, avoid this race for first-strike
superiority.”

Much has happened since this resolution was passed to confirm our then-high
hopes for peace. A decisive Senate vote in favor of a comprehensive test ban,
will, we believe, continue the already strong forward movement towards a stable
and lasting peace in the world.

Sincerely,
LeoxArD WOODCOCK,
President, International Union, UAW.

U.S. SENATE,
Washington, D.C., April 30, 1973.
Hon. EpMunp 8. MUSKIE,
Chairman, Subcommittee on Arms Control, International Law and Organization,
Senate Committee on Foreign Relations, Washington, D.O.

DeAR MR, CHATRMAN : Although I did not wish to burden the Subcommittee by
coming before you a second time in support of our comprehensive nuclear test
ban resolution, I hope a word for the record will be in order.

Developments since 1963, when the United States first committed itself to
“achieve the discontinuance of all test explosions of nuclear weapons for all
time,” make it more logical than ever that we pursue such an objective. Tech-
nology has vastly improved our means of detection and verification: the SALT
accords of 1972 have placed quantitative limitations on offensive and defensive
strategic weapons; the time is ripe for a next step which would bring to a halt a
major phase of the qualitative aspect of the nuclear arms race,

A favorable Senate vote on this Resolution wonld continue the momentum in
the arms control field. I earnestly request early Committee consideration.

Thank you very much.

Sincerely,
PHILIP A. HART.

UNIVERSITY OF CALIFORNIA,

La Jolla, Calif., March 15, 1973.
Senator Epwarp M. KENNEDY,
U.8. Benate,
Washington,_ D.C.

Dear SExATOR KENNEDY : I have read the resolution which yon introduced and
the arguments which you put forward. Needless to say, I am very much in favor
of all efforts to stop this erazy competition between two great countries who have
no reason to undertake any kind of war, especially involving atomic weapons.
Surely the leaders of two countries should understand that any attempt to initi-
ate an atomie war would be disastrous in the extreme. T have been fearing that
some accident will occur and a weapon of some kind will land in our country
or in the U.8.8.R., triggering off an enormous exchange of atomic weapons, All
efforts that can be made to come to an understanding with the Soviet Union in
regard to this matter are of great importance, and I must say that I greatly
admire your efforts in attempting to accomplish this.

I wish I could get over the feeling that the Russians are exceedingly tricky,
and I greatly deplore their lack of publicity in regard to what they are doing.
I do hope that the United States does not play a similar game, but, at the same
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time, I hope our negotiators are careful in view of the secretive character of our
opponent. Possibly we give them the same impression. I would hope not,
Many thanks for your letter, and I would be glad to have youn keep me in-
formed of all moves of this kind.
With best regards.
Bincerely,
Harorp C. Urey.

UNIVERSITY OF CALIFORNIA,
Berkeley, Calif., May 8, 1973.
Senator Epwarp M, KENNEDY,
U.8. Senate,
Washington,

Dear SExaTorR KENNEDY : Thank you for sending me your May 1 statement
supporting a comprehensive Test Ban Treaty (CTB).
I thoroughly approve and applaud your statement.
Sincerely,
OWEN CHAMBERLAIN,
Professor of Physics.
Any help I give would probably be channeled through the Federation
of American Scientists (Washington office).

MASSACHUSETTS INSTITUTE OF TECHNOLOGY,
LABORATORY FOR NUCLEAR SCIENCE,
Cambridge, Mass., March 9, 1973.
Senator Epwarp M. KENNEDY,
Senate Office Building,
Washington D.C.

DEAr SENATOR KENNEDY: I was very pleased to hear of the introduction, by
you and some 30 of your colleagues, of the resolution ealling on the President to
propose to the Soviet Union an immediate suspension of underground nuclear
testing, to remain in effect as long as the Soviet Union abstains from testing.

I believe this is one of the most important measures of arms control on the
international agenda. Not only will the cessation of underground testing place
an effective inhibition on the race for qualitative improvements in nuclear arma-
ments, thereby enhancing the prospects for fruitful results in the next stage of
SALT, but it is perhaps the most useful immediate step that we and the Rus-
sians can take to promofe adherence to the Non-Proliferation Treaty by the
technologically advanced nations that have still not ratified it.

I sincerely commend your initiative in this matter. With best wishes,

Sineerely yvours,
BeErNARD T. FELD,
Professor of Physics.

MASSBACHUSETTS INSTITUTE OF TECHNOLOGY,
Cambridge, Mass., March 19, 1973,
Hon. Epwarp M, KENNEDY,
U.8. Senate,
Washington, D.C,

Dear SExator KENNEDY : Thank you for sending me a copy of your recent
(February 20) statement on a comprehensive nuclear test ban treaty, and for
soliciting my comments and endorsement.

I concur wholeheartedly with your arguments and am most pleased to endorse
the effort,

I wish you well with it.

Sincerely yvours,
G. W. RATHJENS.
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THE JounNs HorPKINS UNIVERSITY SCHOOL 0F MEDICINE,
Tue Jounns Horrins HospPITAL,
Baltimore, Md., March 12, 1973.
Senator EpwArp M, KENNEDY,
U.8. Senate,
Washington, D.C.

Dear SExaTOR KENNEDY : Thank you for sending me your resolution urging a
comprehensive test ban treaty. As long as unrestricted research and development
of nuclear weapons continue, the danger of a holocaust does not diminish and
international tensions will remain high, A comprehensive test ban seems the only
feasible way at the moment for beginning to achieve some stability and, thereby,
taking the first significant step toward removing the growing threat to human
survival posed by the nuclear arms race. Therefore, I strongly support the
resolution.

Sincerely,
JEroME D. Frang, M.D.,
Professor of Psychiatry.

THE LEAGUE oF WOMEN VOTERS OF THE UNITED STATES,
Washington, D.C'., March 14, 1973.
Hon. J. WirLiaM FULBRIGHT,
Chairman, Senate Committee on Foreign Relations,
U.8, Senate,
Washington, D.C.

Dear SENATOR FUurBrIiGHT: Over the years the League of Women Voters has
backed varions arms control measures under its position supporting interna-
tional agreements aimed at reducing the risks of war. We have endorsed U.5.
ratification of the Nuclear Nonproliferation Treaty, the Geneva Protocol on chemi-
cal-biological warfare and the treaty to ban nuclear weapons from the seabed,

Consistent with our past support we now wish to be recorded in favor of 8. Res,
67, which proposes an immediate suspension on underground nuclear testing and
prompt negotiation with the Soviet Union and other nations for a permanent
treaty to ban all Nuclear tests.

League support of efforts to reduce the risk of war evolves from an historic
League belief that nations must find means other than war to solve world prob-
lems. Changing political balances, emerging areas of mutual interest hetween the
major powers, technical advances in the detection of nuclear blasts, and the de-
velopment of new weapons systems encourage constant conferences on the varions
phases of disarmament and arms control, Any agreement reached, however, must
include safeguards for U.S. national seeurity and the domestic economy, It is
generally held that disarmament is a step-by-step process and that any measure
to reduce the risk of war is a step of value, not only in itself but also in creating
an atmosphere of mutual confidence in which a disarmed world is possible,

We believe that extension of the partial Test Ban Treaty to include under-
ground testing would be an essential step toward ending the nuclear arms race.
It would encourage adherence to the nonproliferation treaty by many potential
nueclear powers which are reluctant to forgo nuclear weapons development while
testing by the nuclear super powers goes on. It would protect our environment
from the venting of radioactive materials, contamination of underground waters
and other dangers of nuclear testing.

The League of Women Voters supports 1.8, initiatives to negotiate a compre-
hensive test ban treaty and supports these proopsals as vital prerequisites to na-
tional security and world peace.

Sincerely,
Mrs. Bruce B. BENSON,
President.

UNIVERSITY OF CALIFORNIA, SAN DiEco,
La Jolla, Calif., March 5, 1973.
Hon. Epwarp M. KENNEDY,
17.8. Senate,
Washington, D.C.

Deasr SeExator KExnepy: Thanks for your letter of February 27, which en-

closed a copy of your February 20 statement on a Comprehensive Test Ban. 1
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am personally delighted by your actions in the matter and strongly endorse
them.

Enclosed please find a copy of an article on the subject published in last No-
vember's Secientific American,

There are some other elements of the Qualitative Arms Race which deserve
attention also. Some of these, especially those relating to ASW, have been dis-
cussed recently by Pete Scoville and by Kosta Tsipis (at MIT). Some others
are discussed in a paper of mine to be published shortly in the Bulletin of the
Atomic Scientists; 1'll send a copy along as soon as it is available,

Sincerely,
HerBerT F. YORK.

[From the Sclentific American, November 1972]

THE GREAT TeST-BAN DEBATE—THE TREND oF EVENTS IN WEAPONRY AND IN
ArMS ConNTROL TEND T0 REFUTE ARGUMENTS PRESENTED A DECADE AGO AGAINST
A LIMITED NUCLEAR-TEST BAN AND To INDICATE THAT THE TiME MAY BE RIPE
FoR A COMPREHENSIVE TEST BAN

(By Herbert F. York)

The modest but significant progress toward the control of nuclear weapons
that has been made during the past nine years has brought to the fore the ques-
tion that was raised in the first place: Is the time ripe for a treaty prohibiting
all tests of nuclear weapons? Indeed, both the limited-test-ban treaty of 196
and the nonproliferation treaty of 1968 contain clauses obligating the signato-
ries to seek to achieve a treaty establishing a comprehensive ban. The issue is
therefore being debated again, as it was when Jerome B. Wiesner and I dis-
cussed the subject in these pages in October, 1964, This time, however, it is
possible to employ hindsight to sharpen foresight, because most of the argu-
ments being made against a comprehensive test ban now are essentially the same
as the ones that were put forward in the long debate preceding the adoption of
the limited test ban. An examination of how those arguments look in the light
of experience will help to supply a basis for estimating how much weight they
should be given in the present debate.

The questions involved are of two general types. One type has to do with the
means for monitoring a test ban to ensure that the signatories are complying with
the treaty. That subject was recently reviewed in these pages [see “Extending
the Nuclear-Test Ban,” by Henry R. Myers; SCIENTIFIo AMERICAN, January].
The other type has to do with the potential effects of a test ban on the national
security of the parties to a treaty or any other agreement. I shall limit my dis-
cussion to questions of this type,

In the debates of a decade and more ago (from 1957 to 1963, to be more pre-
cise) the national-security matters most frequently raised by people who opposed
or seriously questioned the test ban came under the following general headings :
anti-ballistic-missile (ABM) systems, weapons effects, pure fusion bombs, im-
provement of the yield-to-welight ratio of nuclear weapons and new knowledge,
possibly involving military surprises. Let us review the arguments and the sub-
sequent developments under each heading,

In the early 1960’s claims were made by Russian officials that the U.8.8.R. had
solved the problem of intercepting and destroying incoming ballistic missiles.
Not long afterward U.8. intelligence activity discovered that the Russians were
indeed beginning to deploy an ABM system. Moreover, the extensive series of
nuclear tests conducted by the Russians during 1961 and 1962 had inelud-
ed explosions at altitudes that would be of interest to designers of an ABM sys-
tem. The U.S. had also conducted a number of high-altitude tests, leading
certain scientists and military officials to assert that this country had enough
knowledge to design an ABM system. Secretary of Defense Robert S. MeNa-
mara and other high officials did not agree, however, and so no ABM-system
deployment was then authorized in this country,

Opponents of a test ban contended that the reason for the difference be-
tween the Russian decision to deploy and the U.S. decision not to deploy
must be that the Russians knew something we did not know. They suggested
that this something had been discovered during the Russian test series. Some op-
ponents went on to speculate that the reason the Russians were now willing to
consider a test ban was that they had learned some essential secret and saw
the test ban as a way of preventing the 1.8, from learning it.

964686 0—73 10
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For example, the physicist Edward Teller said: “I think there is a disparity in
knowledge, and the disparity of knowledge today means a disparity of power to-
morrow. . . . I believe that, because they have acquired this knowledge, they don't
need any more atmospheric tests, and I believe that is why Khrushchev is willing
to sign the treaty at present.” Senator Strom Thurmond said: “All it will take
to put the Soviets in a dominant nuclear position is two things: one, enough time
to build up a stockpile of the already perfected Red antimissile missile, which
will render our huge arsenal of ICBM’s [intercontinental ballistic missiles] use-
less, and second, ratification of the test-ban treaty that will prevent the United
States from high-altitude tests necessary for completion of our own Nike X
antimissile-missile program, thereby leaving America defenseless against Red
missiles.”

When pressed for details, the opponents of the test ban commonly referred to
several matters on which, they said, insuflicient information existed, at least in
the U.S, One matter was the blackout phenomenon, in which a nuclear explosion
at high altitude produces a large volume of ionized air that is for a time opaque
to radar. There were also allusions to certain long-range *“kill"” mechanisms that
would work against incoming warheads. Here it was argued that tests were
needed in order to design defensive warheads that wonld produce such effects and
offensive warheads that would survive the effects.

On the other side of the argument it was contended that the U.S.8.R. had not
gained any special advantage due to some private knowledge about high-altitude
effects. Harold Brown, who was then Director of Defense Resenarch and Engineer-
ing, said : “I feel rather strongly that they [the Russians] are not substantially
ahead of us.” He added that it was not a defect in nuclear knowledge that had
prevented the U.S. from deploying ABM systems but rather that “the U.8. de-
cided not to deploy the Nike Zens because its effectiveness was inadequate against
U.8. penetration aids . . . and we assume the same wonld be true of the Soviet
penetration-aid eapability.” The U.8. Joint Chiefs of Staff said that “development
of the U.8. [ABM] system does not depend on atmospheric testing and hence this
treaty will not significantly influence any imbalance that may exist.”

What have subsequent events revealed about these claims and predictions? The
Russian ABM program proceeded erratically from the base described in 1963
After several periods of delay that indicated indecision and uncertainty, the

Moscow ABM system (now called the Galosh system) was reported early this
year to have fewer than 100 ABM vehicles ready for launching.
generally judged to be quite inadequate for coping with an attack against it by

. The system was

U.S. missiles, Russian AMB installations that had at one time been reported
around Leningrad and Tallinn either were dismantled or turned out to have a
different purpose. Nothing that has happened since the test-ban debate has con-
firmed the notion that the U.8.8.R. knew something the 1.8, did not know. In-
deed, the Russian decision to deploy the Galosh system seems to have been due to
4 poor understanding of just how easy it is to penetrate systems of that type
and size,

On the 1.8, side the development of an ABM system continued through the
1960's at a level of about $500 million per year. The system slowly evolved, as
did the political situation both domestieally and internationally. Finally, near
the end of the Johnson Administration, a decision was made to deploy an ABM
system called Sentinel around certain cities. The main reason given was that it
would provide protection against a prospective Chinese missile foree,

After considerable public reaction this deeision was rescinded, and a deploy-
ment of the game equipment under a new name (Safeguard) was proposed by
the Nixon Administration. The Senate accepted the proposal after n long debate
abont the effectiveness of the system and the problems being met in developing
it. In the entire debate developments in nuclear weaponry were never cited as
having a erucial role in the various deecisions concerning deployment. The serious
questions that were raised about the feasibility of the system all had to do with
such matters as the computers, the radar and the problems posed by decoys and
MIRV's (multiple independently targetable reentry vehicles). When nnelear
problems such as blackout were mentioned, it was only peripherally and never
as constituting a major problem.

None of this proves that nuclear-weapons development and weapons-effect
research are entirely irrelevant to ABM development, but it does indicate that
recent research and development in this field have been far from essential. Appar-
ently any lack of perfection in weapons can be overcome in the design of other




143

parts of the system. Moreover, as the ABM program has shifted from Sentinel to
Safeguard and now to the site-defense system (sometimes called Hardsite), the
emphasis has shifted from interception at great distances and high altitudes to
interception near the target at relatively low altitudes, where the phenomena to
be dealt with are much better known,

I turn now to weapons effects. During the yvears when nuclear weapons were
tested aboveground, the basic effects—blast, radiation, fallout—that kill, injure
and destroy were studied in great detail. These are the weapons effects that
matter ; the entire concept of deterrence, which all sides eite as the main reason
for maintaining nuclear forces, is based wholly on the threat of unacceptable
levels of death and destruction through these effects. For decades the phenome-
nology of these effects has been known with a precision that far exceeds the
practical use of the information.

In addition to these basic phenomena one hears of a few other more exotic
effects that are of technical interest in connection with certain duels between
nuclear weapons. Uncertainties about such effects are sometimes raised as an
issue in test-ban debates, Among the effects are “TREE" and “EMP.”

TREE stands for transient radiation effects on electronies. It is an old problem
that has become relatively more important as more complex devices have been
introduced into nuclear-weapons systems. It is also mainly of interest in connec-
tion with duels in outer space, where there is nothing to attenuate radiation,
which therefore would far outreach other effects such as blast.

EMP stands for electromagnetic pulse. It refers to the fact that a nuclear
explosion produces a large electromagnetic field, which in turn can induce large
electric currents in conduetors at substantial distances, Such currents, if noth-
ing is done about them, can sometimes produce destructive effects in insuffi-
ciently protected equipment.

Some of the people who work on nuclear weapons have envisioned an attack in
which an enemy explodes a series of warheads high over U.S, missile fields, pro-
ducing a series of TREE and EMP phenomena (or other long-range effects) timed
in such a way that the U.8. could not launch its missiles while the barrage con-
tinued. (The tactic ig known as “pin-down.”)

It is impossible fo believe that real political or military leaders would con-
sider such an effort in the face of the variety and dispersion of retaliatory weap-
ons that could be employed. Even so, the claim that further research was needed
on this matter was advanced in the early 1960's as an argument against the test
ban. (At the time the argument was largely conducted behind the curtain of
secrecy that surrounds much military activity; public diseussion of the issue
became possible only later,)

All the more exotic effects were observed before the partial test ban went into
effect. They were not as thoroughly studied as the basie effects, however, and in
addition certain new forms of interaction between these phenomena and specific
weapons systems have been found since 1963, At first it was thought that it would
be difficult to learn more about the exotic effects in underground explosions, and
that possibility was raised as an argument against the partial test ban. Later it
turned out that a good deal can be learned about the effects from underground
testing and by other means. In 1968 Vice-Admiral Lloyd M. Mustin, director of
the Defense Atomic Support Agency, reported to Congress: “We think we have
the interaction of threats with these two systems [Minuteman and Polaris] well
understood and identified and very carefully developed and sophisticated counter-
measures far advanced.”

In sum, no really new phenomena produced by the explosion of nuclear
weapons has been discovered in about 15 years, and there is no good reason to
expect that any will be forthcoming. In those years the U.S. has refined its
knowledge of the effects of specific systems and in specific environmental situa-
tions. Even at that level of detail we have long since passed the point of dimin-
ishing returns. The remaining uncertainties are small compared with the other
uncertainties about any nuclear attack: the kind, number, yvield and accuracy
of the weapons; the targets selected ; the timing, the relation to other attacks
or to political moves, and so on. These are the uncertainties that will dominate
the thinking of any statesman who may one day be considering the use of
nuclear weapons. No doubt there is more to be learned about weapons effects,
but the matter is largely of interest to specialists, and concern about it should
have no bearing on important political questions such as whether or not to ban
further nuclear tests.
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Pure-fusion bombs and bombs with a high ratio of fusion to fission (also called
neutron bombs) were seen in the late 1950's as offering a number of advantages,
and the need to develop them was therefore raised as an argument against a
test ban. Teller, for example, was reported to have sald to a Republiean com-
mittee on nuclear testing in 1963; “We have started the development of clean
and cheap nuclear explosives, We need more tests to complete this development.
Clean and cheap nuclear explosives are needed for battlefield use, for peaceful
applications and for missile defense,” John A. Wheeler of Princeton University
was reported as telling the same group: “As a physicist and specialist on nuclear
fission I see a decisive loss to national security from a test ban. It will prevent
us from developing a technology of pure hydrogen devices free of fission fall-
out. . . . The new technology will have important peacetime applications in
mining and earth-moving and will revolutionize ground warfare. . . . It is un-
conscionable to renounce for the free world a revolutionary device which others
will then make without our knowledge."

On the other side, William C. Foster, director of the U.S. Arms Control and
Disarmament Agency, said that the expert advice he had received was that pure-
fusion weapons would not be of great advantage. The reason, he said, was that
“they would constitute primarily a cheaper substitute for the explosive com-
ponents in our already large stockpile of nuclear weapons.™

How did matters turn out? The pure-fusion bomb remains undeveloped, and
responsible people no longer talk much about it as being the basis of a new
revolution in weaponry. When officials of the Department of Defense and the
Atomic Energy Commission present arguments for continued testing now, they
do not rate the need for fission-free bombs any higher than the need for other
and more orthodox modifications and improvements.

A pure-fusion explosion may yet be achieved as a result of all the effort that
has been expended. It would be a technological accomplishment, but the likelihood
that it would have any large military or political value seems small. The basic
fact is that the nuclear capability of the major nuclear powers is already
supersaturated in the sense that it ean produce more varieties of death, destruc-
tion and horror than anyone can seriously contemplate seeking to inflict.

It was also stated during the debate preceding the test ban of 1963 that
further improvement in the yield-to-weight ratio of nuclear weapons was in
prospect and that certain other improvements and modifications were both possi-
ble and necessary. Among them were decreased vulnerability to nearby nuclear
explosions and increased safety of weapons. Substantial progress has indeed
been made along these lines since 1963. The important question, however, is:
How important and how relevant has the progress been ?

The Poseidon missile provides a basis for discussion. It is more advanced than
its predecessor, the Polaris A-3, in many ways. It is bigger, it can carry a larger
payload a longer distance and it has improved accuracy. Moreover, ifs payload
is of the MIRYV type: each missile launches a “bus,” which has on hoard a large
number of reentry missiles, each of which can be accurately and independently
targeted. None of these advances depended on nuclear tests.

M. Carl Walske, Jr., assistant to the Secretary of Defense for Atomie Energy,
recently stated that the warhead for the Poseidon MTRV was developed after
the limited test ban went into effect, and he argued that if the ban had been
comprehensive, nothing like the present Poseidon MIRV could have been devel-
oped. I believe his statement is highly misleading. If a pre-1963 warhead such
as the one for the Polaris A-3 had been adapted for the Poseidon, the Poseidon
MIRV would have had either lower mulfiplicity (fewer independent missiles)
or a shorter range, but it could have had a higher total yield.

Presumably the new Poseidon warhead has been further modified so as to
reduce its vulnerability to attempts to intercept it. These modifications appar-
ently resulted in a reduction of the yield-to-weight ratio. In anv case such
modifications were superfluous, since the basic multiple-warhead feature is in
itself the most effective means for penetrating anti-ballistic-missile defenses of
the kind that now exist. It does so simply by overwhelming the defense with
larger numbers. The only requirement is that the individual warheads he hard-
ened enough and separated enough so that one interceptor must he launched
for each reentry vehicle. An A-3 warhead on a MIRV bus of the Poseidon type
would easily satisfy this requirement.

Defense penetrability bevond what could be achieved in 1963 is needed only
against an ABM defense consisting of very large numbers of relatively sophisti-
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cated interceptors. No such defense now exists—nor, I believe, is there any
serious prospect of one in the foreseeable future. To say®the least, deployment
of the post-1963 Poseidon warhead is premature.

It is small wonder that the concern over surprises and new knowledge per-
sists. One need only recall the early years of nuclear development to realize that
surprises and new knowledge abounded at that time, The phenomenon of
nuclear fission was discovered in 1038, The first nuclear-test device was exploded
only seven years later, which was also the first (and so far the only) time that
nuclear bombs were employed in warfare. In terms of energy output those
bombs were 1,000 times larger than the biggest chemical bombs,

Seven years later the first thermonuclear device was exploded. It was 1,000
times as large in output of energy as the first atomic bombs, Both of these huge
technological steps can be characterized as bireakthroughs, and they had major
political and military consequences. No such huge gains in yield were maile
thereafter, but during the next seven years fundamentally important factors
such as yield-to-weight ratio continued to improve radically. By 1960 the yield-
to-weight ratio of fission bombs was two orders of magniture (100 times) larger
than it had been at the beginning. Means also had been found for both reducing
the size and increasing the yield-to-weight ratio of thermonuclear weapons,
again by order-of-magnitude amounts,

As a result of such developments many people came to believe politically sig-
nificant technological breakthroughs had lLiecome the norm for nuclear technol-
ogy. One thus finds many leaders in the field emphasizing the likelihood and im-
portance of further technological surprises and arguing that no bars should be
raised against obtaining new knowledge. In 1963, questioning the limited-test-ban
treaty, John 8. Foster, Jr., then director of the Lawrence Radiation Laboratory
{he is now director of defense research and engineering in the Department of
Defense), said: “We are involved in a field of technology that is not fully under-
stood, nor its applications, and hence new experiments frequently bring sur-
Teller said a ban would “prohibit future science” and was “directed

prizes.”

against knowledge.” In 1961 Representative Chet Holifield, then chairman of the
Joint Committee on Atomic Energy, expressed concern about “the ultimate gen-
eral effect on weapons technology of a continuing test han,” which would “in-
evitably stifle developments undreamed of at the present time.” He added : “Con-

cepts are now being considered by our scientists which could be as revolutionary
as the H-omb [was] in 1949." General Curtis E. LeMay, as Chief of Staff of the
.8, Air Foree in 1963, said : “We are just at the beginning of onr investigations
into the nuclear-weapons field."”

On the other side, proponents of a test ban expressed doubt about the impor-
tance of specific potential breakthroughs and saw as unlikely the possibility that
any such development would upset the balance of power. Willinm Foster of the
disarmament ageney, supporting the limited test ban, suggested that nuclear sci-
ence was maturing. “The point of diminizshing returns in improving weight-yield
ratios is fast approaching,” he said.

At the time of the debate on the partial test ban the issue of surprises and new
knowledge was still difficult to resolve. On the one hand there was the record of a
remarkable series of discoveries, technological advances and politically signifi-
cant applications, On the other hand no further breakthroughs were then in
gight, with the possible exception of the pure-fusion bomb, and of that many ex-
perts said it would be technologically novel but without great political or mili-
tary significance.

Now, however, it seems to me that this issue has been resolved. Nuclear
weapons have been further refined, and there is greater understanding of the
details of certain effects, but no new knowledge or surprises remotely similar
in Kind or importance to those of the first two nuclear decades have been re-
ported or claimed. Moreover, the nuclear arsenal is so large and varied that
the significance of new inventions is small in any ease, Compared with the danger
of further proliferation of nueclear weapons, the danger that the U,S. will be
overwhelmed by an unsuspected breakthrough seems vanishingly small.

Let us turn now to the arguments that were made in 1963 and earlier in sup-
port of the limited test ban. Five principal points were made and can be set
forth here in quotation of participants: (1) “A nuclear test ban treaty would
constitute a significant step in the direction of slackening the arms race” (Dean
Rusk). (2) It would preserve for a “longer period our present nuclear advan-
tage” (William Foster). (3) “The treaty will curb the pollution of the atmos-
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phere” (President Kennedy). (4) It would create a political eclimate in which
“new opportunities for further steps toward turning the arms race downward
might well be more within the realm of possibility than at present” (Rusk).
(5) “A nuclear test ban would constitute a significant first step in achieving
control over the further spread of nuclear weapons” (Foster).

Each of the statements also amounted to a prediction. Let us see how the
predictions stand up in 1972, The limited test ban probably did slow down the
arms race between the 1 and the U.S.8.R., but it eannot be considered to
have been outstandingly successful in this respect. It probably has severely
limited the further development of very large thermonuclear weapons, but the
rate of nuclear testing has continued at about the same level—although the
tests are now underground.

Similarly, the treaty does not appear to have done much to preserve the “nu-
clear advantage” of the U.S. Since the treaty was signed, the U.8.8.R. has
achieved rough parity with the U.8. in strategic weapons. In any event, the de-
gree of “overkill” in the nuclear eapability of both countries is sach that fur-
ther technological advances would make little political or military difference.

The treaty has been quite effective in curbing radioactive pollution of the at-
mosphere. Although France and China have continued to conduct nuclear tests in
the atmosphere, the tests are far less frequent than was the case when the U.S.
and the U.8.8.R. were conducting them. Moreover, without the treaty there would
be no hope of persuading those nations and other potential nuclear powers to
accept similar restraints, Meanwhile, in the absence of a comprehensive test ban
such hazards as underground contamination, earthquakes and leakage of radio-
active substances into the atmosphere remain possible,

The record of the treaty in creating an environment that made further moves
toward arms control possible is excellent, The treaty has been followed by agree-
ments to prohibit nuclear weapons in space (1967), make Latin Ameriea . non-
nuclear zone (1967), bar further proliferation of nuclear weapons (1968), rule
out the seabed for the emplacement of nuclear weapons (1971) and prohibit the
use of biological weapons (1972). One might also cite the “hot line” agreements
of 1903 and 1971 and the recent strategic-arms-limitation talks (SALT) that
resulted in agreement by the U.S. and the U.S.S.R. to put ceilings on their offen-
sive and defensive missiles.

One should also recognize, however, that many of the treaties are peripheral
to the main problem and in effect prohibit actions that no nation particularly
wanted to undertake anyway. The British disarmament expert Philip J. Noel-
Baker, reviewing the results of the 1959 treaty that demilitarized Antarctica.
commented that “while disarming Antaretica, we put 7,000 nuclear weapons in
Europe ; we should have disarmed Europe and put those weapons in Antaretica.”
Nonetheless, all the agreements are steps in the right direction, and collectively
they add up to something significant. Moreover, they help to make arms-control
and disarmament measures seem more feasible,

Probably the most important result of the limited test ban has been its contribu-
tion to inhibiting the further proliferation of nuelear weapons. Since the treaty
was signed, only China has begun testing weapons, and the Chinese program fo
develop nuclear weapons had been set in motion long before 1963. The cause was
greatly aided by the nonproliferation treaty, which now has some 70 signatories
in addition to the original adherents (the U.S., the United Kingdom and the
U.S.5.R.). It also seems evident that the treaty has detered nonsigners from
testing. :

Indeed, the most important reason for moving now toward a comprehensive
ban on testing nuclear weapons is that it wonld strengthen and reinforce the non-
proliferation treaty. The present situation containg elements of hypoerisy and
unfairness, since the two major nuclear powers are trying to persnade other na-
tions that nuclear weapons are unnecessary while at the same time both are con-
ducting test programs.

To sum up, a decade of hindsight on the debates preceding the limited-test-
ban treaty of 1963 suggests the following main conclusions:

1. The predictions of major surprises and ominous developments were wrong.
There has been no “third revolution” in nuclear weapons. The atmospheric tests
before 1063 and the underground tests since then have not produced a solution
to the problem of developing an ABM system that would be likely to have more
than limited success,

2. On the other hand, the passage of time has confirmed the more moderate
claims that there was substantial progress to be made in improving the yield-
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to-weight ratio, hardening weapons against interception, making Dbetter fits
to new delivery systems and so on. The questions to be asked, however, are¢ how
progress in these areas has affected the nuclear balance and whether such tech-
nical progress is politically significant. The answers seem to be that, if any-
thing, continued testing has further degraded whatever nuclear advantage the
7.8, still had in 1963 and that the political significance of nuclear weapons is
derived from the huge numbers of such weapons rather than from their technical
sophistication.

3. The limited test ban has not done much to slow the main arms race be-
tween the two superpowers. The reason is the limited nature of the agreement. A
comprehensive ban in 1963 probably would have done much more,

4. On the other hand, the limited ban has accomplished several of the most im-
portant objectives that were set for it. In ascending order of importance they
are cleaner air, the establishment of a political elimate conducive to much ad-
ditional progress in arms control and disarmament and the distinct slowing of the
spread of nuclear weapons.

On balance, therefore, the limited test ban ean be described as a success, Clear-
lv, however, it needs to be extended to prohibit undergound testing. A com-
prehensive treaty may now be within grasp: we must reach for it while we ecan.

CornELL UNIVERSITY,
PROGRAM ON ScCIENCE, TECHNOLOGY AND SOCIETY,
Ithaca, N.Y., March 2, 1973.
Senator Epwarp M, KENNEDY,
Senate Office Building,
Washington, D.C.

Dear SEnaToR KeEnwepy: I strongly support your February 20 resolution
which calls on President Nixon to propose to the U.S.8.R. an immediate suspen-
sion of underground testing and which urges the President to present a new
proposal for the conclusion of a comprehensive Nuclear Test Ban Treaty. The
securing of a comprehensive test ban treaty would be a strong additional step
in eurbing the arms race. It would establish the U.S, and the U.8.8.R. as leaders
in an attempt to slow down the development of nuclear weapons, It would aid
in wide acceptance of the nuclear non-proliferation treaty. Finally, and not triv-
ially, it would save a good deal of money.

My personal judgment is that there is considerable sentiment within the U.S.8.R.
for a test ban treaty so that a positive U.S. initiative would have a real chance
of bringing forth a positive response from the U.S.8.R, T deeply hope your
resolution receives favorable Senate response and stimulates the President into
action.

Sincerely yours,
F. A. Loxa.

SANE,
A Crrizens' OreANIZATION For A SANE WoORLD,
Washington, D.C.,, March 29, 1973.
Senator EpwaArp M. KENXEDY,
01d Senate Office Building,
Washington, D.C.
{ Attention of Mark Schneider).

Dear Sexator KENxepy : T am writing to express the full support of SANE for
S, Res. 67. As you well know, our organization was established in 1957 to seek
a complete end to nuclear testing in all environments. The Limited Test Ban of
1963 was a long step in the right direction, but the goal was not fully achieved.
As a concession to the weapons developers (perhaps in both countries), under-
ground tests were excluded from that treaty.

It is long past time to consummate a comprehensive nuclear test ban. As of
mid-1972, the United States had deployed 5,900 strategic nuclear warheads, the
Soviet Union, 2,200 (“Peace, National Security, and the SALT Agreements,”
Bureau of Public Affairs, U.S. Department of State, August 1, 1972).

Since each of these warheads can destroy a city, we now have the power to
destroy the 219 major Soviet cities 13 times over, if only half the warheads
reach their targets in case of war.

Moreover, the same State Department document informs us that, by 1977, the
United States will have 9,200 strategic nuclear weapons and the Soviet Union will
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have almost 4,000—under the terms of the SALT Agreement ! By then we will be
able to destroy the major Soviet cities 22 times over, if only half the warheads
reach their target.

From any point of view, this is insanity.

We look forward to working with yon on behalf of S. Res, 67.

Sincerely, :
SAxroRD GOTTLIESR,
Erecutive Director.

[News Release]

BUREAU oF PUBLIC AFFAIRS,
DEPARTMENT OF STATE,
OFFICE OF MEDIA SERVICE,
August 1, 1972,

PEACE, NATIONAL SECURITY, AND THE SALT AGREEMENTS

Since World War II, the United States and the Soviet Union combined have
produced nearly $20 trillion in gross national product—approximately $15
trillion in the United States and more than $4 trillion in the Soviet Union. Of
this amount, more than $2 trillion has been spent on defense (approximately
$1.3 trillion by the United States, and an estimated $1 trillion by the Soviet
Union),

If the two societies continue to grow as projected to the end of the century,
and if both continue to spend the same proportion of GNP on defense, the two
countries together, by the year 2,000 A.D., could spend another $5 trillion or
more to maintain national security.

In both countries there are other pressing needs for capital, and both coun-
tries have long recognized a mutual advantage in first stabilizing the level of
spending and ultimately moving to the stage where both countries can safely
scale it down.

When President Nixon and General Secretary Brezhnev signed the SALT
ugreements in Moscow, May 26, 1972, the first stage was completed. Agreement
was reached to limit ABMs to very low levels, including a commitment not to
build a nationwide ABM defense or the base for such a defense. Both sides
thus forego a defense against retaliation, and, in effect, have agreed to main-
tain mutual deterrence.

Agreement was also reached to stabilize the level of strategic offensive mis-
siles for five years, giving both sides an opportunity to proceed to the second stage
of negotiations in which further limitations and controls will be pursued.

The freeze on strategic offensive missiles leaves the Soviet Union with more
missile launchers and the United States with more warheads and bombers.
(See Missile Balance Sheet below.) A great many factors were balanced off on
both sides, but the most important consideration— probably the factor that made
the Interim Agreement feasible—is the recognition (given concrete form in the
ABM Treaty) that with any conceivable or current or future deplovment of nu-
clear weapons, neither side ean expect to attack the other without receiving a
retaliatory strike that would destroy the attacker as a modern nation-state, Out
of this fact grows the assurance of national security for both sides. This, in turn,
now makes it possible to negotiate additional mutual limitations—hopefully in-
cluding reductions of forces on both sides.

However, if the United States were to make unilaterally a substantial reduc-
tion in strategic strength, the other side might lose incentive to continue at the
bargaining table. Similarly, if either side were somehow able to make a sub-
stantial jump in its strategic forces, we can only anticipate that the other side
would undertake to redress the balance.

President Nixon said in his Foreign Policy Report of February 1971 that any
Soviet attempt to obtain a large advantage “wonld spark an arms race which
would, in the end, prove pointless.” The President added that “both sides would
almost surely commit the necessa ry resources to maintain a balance.”

The Interim Agreement limits for up to five years the numbers of intercon-
tinental ballistic missiles (ICBM), and submarine-launched ballistic missiles
(SLBM) for the Soviet Union and the United States, Some might argue that the
Soviet Union gained an advantage because it is permitted larger total numbers
of ICBM launchers, SLBM launchers, and modern ballistic missile submarines,




149

However, it is also argued that the United States gained an advantage because
no current U.8, offensive arms program is limited whereas limitations are placed
the three most active Soviet programs. Furthermore, although the Soviet Union
will have more missile launchers, the United States has a considerable lead in
numbers of warheads and intercontinental bombers, and in qualitative factors—
including weapon dependability and general weapons sophistication—which are
not limited by the agreements.

The central fact is that both sides find advantages in the limitations, We have
reached levels where neither side can start a nuclear war without triggering its
own destruction. There are simply too many launchers, too many warheads that
would survive a surprise attack.

More importantly, both sides can benefit enormously from additional strategic
arms limitations. An important process has, however, been started. Both the
United States and the USSR are investing in this process, and we expect will
want to preserve the investment and build upon it, It is not a question of “win-
ning” or “losing”. Both sides—and the world—gain from what has been achieved
without compromising the basic security interests of any nation.

ECONOMICS

The long-range effect of the arms race on the economics of the United States
and the Soviet Union is difficult to gauge precisely, but it is obviously enormous.
The United States is currently spending about eight percent of GNP on defense—
approximately $80 billion in FY 1972, The Soviet Union is spending in the range
of 11-14 percent of GNP—some $45-60 billion in 1972, depending on the method
of evalnating the cost. As noted above, if both countries were to continue to spend
at these levels of GNP to the end of the century, the aggregate defense costs for
the United States and the Soviet Union combined might total more than $5
trillion.

Both countries find defense spending a substantial burden on the economy,
but the effect probably is more serious in the Soviet Union, because the high
level of defense spending is believed to reduce substantially the available growth
capital badly needed for expansion of the Soviet economy.

Efforts to compare the Soviet defense burden with that of the United States
are difficult because neither the costs nor the distribution of GNP in the two coun-
tries are comparable, What is clear is that given the economie resources of the
Soviet Union and its relatively lower level of economic development, the arms race
places a comparatively greater burden upon the Soviet economy than on the U.S.
economy. Therefore, in economie terms the Soviet Union has even greater reason
than the United States to develop meaningful weapons controls through
negotiation,

The BALT agreements are an important step toward achievement of the kinds
of controls that over time can substantially reduce expenditures on both sides,
although the goal has not been reached in the initial stage. The agreements signed
in Moscow do, however, provide the foundation for negotiations which will,
hopefully, lead to important cuts in the level of defense spending on both sides.

Both the United States and the USSR could well continue to spend at approxi-
mately current levels while negotiating additional limitations, with the funds
devoted chiefly to qualitative improvements. One of our goals will be to avoid this.

MISSILE BALANCE BHEET

ICBM launchers: Current strength : U.S. 1,054 ; USSR 1,618. The United States
has no new ICBM construction program underway: the Soviet Union has been
building new ICBMs. Without the agreement, if recent construction rates were
continued for five years, the United States would still have 1,054 ICBMs and the
Soviet Union, which has been building at a rate of up to 250 a year, conld have
mur(i‘ than 2,800 land-based ICBMs. Under SALT both sides are frozen at current
levels.

. SLBM launchers: The United States currently has 656 Polaris and Poseidon
missile launchers; the Soviet Union has approximately 650-700 SLBM’s. The
United States has no missile submarines under construection ; the Soviet Union
has an on-going program of some eight new submarines a year. Without SALT, in
five years the United States missile-launching submarines would not have in-
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creased, while the Soviet total could have risen to 80 or 90. With SALT, the
United States has the right to increase to up to 44 submarines. The Soviet Union
may add modern ballistic missile submarines up to the number of 62 operational,
but only provided that they retire 209 older land-based missiles and 30 older
SLBM launchers. This would leave the USSR with no more than 950 modern
SLBM launchers.

Total ICBMs and SLBMs consistent with the terms of the agreement: United
States, 1,170; USSR, 2,419. Warheads : The difference in numbers of missiles is
offset by the kinds of warheads they can carry. Currently, with the new MIRY
warheads, the U.S. strategic missiles and heavy bombers carry 5,900 nuclear
warheads; the Soviet missiles and heavy bhombers carry an estimated 2,200 war-
heads. The Interim Agreement sets no limit on the number of warheads for either
side, and both of these figures could rise substantially in five years. The implica-
tion of the warhead figures are enormous. They mean that currently, in the event
of a surprise nuclear attack, if half of the U.S. strategic capability was wiped out,
the United States could still strike more than 2,500 separate targets in the Soviet
Union. This reinforces the recognition on both sides that there can be no winner
in a nuclear war, The U.8. expects to continue to hold a substantial warhead lead
during the Interim Agreement, sufficient to more than compensate for the numeri-
cal edge the Soviet Union has in missile launchers. The number of 1.8, independ-
ently targetable warheads is planned nearly to double in the next five years, and
will remain far ahead of the Soviet total.

Megatonnage : The agreement does not limit megatonnage as such, Both sides
are free to make warheads as large or as small as they wish. On the average,
Soviet Missile warheads are larger than U.8. warheads. It should be noted, how-
ever, that the radius of damage does not increase proporationate to the increase
in yield. If the explosive power is doubled, the radius of damage increases by
approximately one-third. Moreover, accuracy is more important than yield.

Business Executives MovE,
March 6, 1973.
Re Comprehensive Test Ban Resolution S.R. 67
Senator Epwarp M. KENNEDY,
Senate Office Building,
Washington, D.C.

DEArR SExaToR KENNEDY: On behalf of BEM I am writing in support of
S.R. 67.

The greatest dangers of our country are from within rather than from without.
Money should be spent for domestic priorities rather than for the building of
increasingly sophisticated weapons. Otherwise the unrest in our own population
may lead to suppression of freedoms and opportunities which are the best part
of the American heritage,

It is futile and wasteful to develop weapons of more terrible destructive power
when the weapons we have are so powerful that threats to use them, either
expressed or implied, have lost much of their eredibility.

BEM is not a pacifist group but we are opposed to the militarization of our
society and to spending for weapons which tend to destabilize the international
situation,

We hope you will be suceessful in getting the Senate to vote in favor of S.R. 67.

Sincerely,
Hexry E. NiLes,
Chairman.

WorrLp FEpERALISTS, TSA,
Washington, D.C., March 12, 1973.
Senator Epwarp M. KENNEDY,
0ld Senate Office Building,
Washington, D.C.

DEAR SENATOR KENNEDY : I am writing to commend you for introduecing 8. Res.
67, calling on the President to promote negotiations for a comprehensive test
ban treaty.

Our organization would like to go on record as endorsing the philosophy em-
bodied in this resolution and would like to be of every assistance possible in
expediting its passage. Please let us know how and what we can do to help.

Sincerely,
Luraer H. Evans, President,
(Dictated by Dr. Evans but signed in his absence. )
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SoCIETY FoR Socral RESPONSIBILITY IN SCIENCE,
March 8, 1973.
Hon. Epwarp M. KENNEDY,
1/.8. Senate,
Washington, D.C.

Dear SENATOR KENNEDY : We are heartily in favor of SR 67 and strongly
support your effort to see that it is passed.
Sinecerely,
J. MALVERN BENJAMIN, Jr.,
Vice-President.

CHURCH oF THE BRETHREN,
Elgin, Il., April 19, 1973.
Hon. Epwarp M. KENNEDY,
U/.8. Senate,
Washington, D.C.

DeAr SExATOR KENNEDY : Since the advent of atomic weapons the Church of the
Brethren has spoken through its Annual Conference regarding its concern for
the abandonment of the testing of nuclear weapons. We have recognized the in-
herent danger of these weapons, not only in their destructive potential, but
realize that they also cause a threat to mankind because of their ability to con-
taminate this planet on which we live and the air which we breathe. Therefore,
through the Annual Conference we have called “upon the Government of the
United States to take the lead in permanent abandonment of such tests.” My
denomination throughont its history has counselled its members not to partici-
pate in the military and to renounce the way of violence perpetuated by the mili-
tary way of life and an obsession for military solutions to seemingly every inter-
national conflict. Again and again the church has spoken through its Annual
Conference regarding disarmament, nuclear testing, the terror of modern weap-
ons and other related issues.

Therefore, we are encouraged that a Senate Resolution has been introduced
calling for an immediate suspension of underground nuclear testing and urging
the President to set forth a new proposal to the USSR and other nations for a
permanent treaty to ban all nuclear tests, At this point we want to register our
support for this resolution, wish you well in this effort, and request your sug-
gestions and gunidance as to how we can be of further assistance as this matter
is dealt with in the two Houses of Congress,

Sincerely,
H. LAMAR GIBBLE,
Peaceand International Affairs Consultant.

Boarp oF Missions oF THE Unxiten METHoDIST CHURCH,
WoMEN'S DIVISION,
Washington, D.C., April 3, 1973.
Hon. Epwarnp M. KENNEDY,
I/.8. Senate,
Washington, D.C.

Dear SExaAToR KENNEDY @ The Women's Division, Board of Global Ministries,
[United Methodist Church heartily endorses and strongly urges passage of 8. Res.
67 in favor of a comprehensive test ban. Your speech and the following colloquy
between yon and Senator Humphrey as recorded in the Congressional Record
of Feb. 20, 1973 outlined very well the need for a comprehensive test ban.

There are many values in a CTB : the significant slow down in the arms race,
the psyvchological effect on other countries to stop the development of nuclear
weapons, a hopefully diminishing danger of a nuclear holocaust. The problem of
verification and the argument that potential new scientific advances would be
inhibited by a testing ban have been effectively shown to be of little import.

It is very important that a comprehensive test ban be initiated. Passage of
8. Res. 67 provides an impetus to this quest for peace.

Sincerely,
Joyce HAMLIN,
Seeretary for Legislative Affairs.
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UNITED PRESBYTERIAN WASHINGTON OFFICE,
Washington, D.C., April 3, 1978.

Hon. Epwarp M. KENNEDY,

/.8, Senate,

Washington, D.C.

DEsr SENaToR KENNEDY: The General Assembly of the United Presbyterian
Church in 1971 urged “renewed and realistic efforts to negotiate a comprehensive
nuclear weapons test ban, and further urges that consideration also be given to
the cessation of peaceful nuclear explosions as well ; unless it can he shown to a
responsible international group that their benefits clearly outweigh their poten-
tial ecological risks and that opportunities for further weapons testing under
the guise of peaceful explosions can be foreclosed.”

We therefore believe your Senate Resolution 67 calling on the President to de-
clare a moratorium on upderground nuclear testing and to negotiate with the
U.S.5.R. a treaty to stop underground testing, to be an important step toward
the achievement of the comprehensive test ban which our General Assembly
supports,

We commend you for the introduction of this Resolution and endorse it whole-
heartedly with the hope that the Senate and House will speedily approve it.

Warmest personal regards.

Sincerely,
JOSIAH BEEMAN,
Director.

TaHE NETWORK STAFF,
Washington, D.C., April 12, 1973.
Senator Enwarp KENNEDY,
Senate Office Building,
Washington, D.C.

DEAR SENATOR KENNEDY : It is in line with the goals of NETWORK, a national
task force of religious women working for social justice, to endorse your call for
a comprehensive ban on nuclear tests, We fully support Senate Resolution 67 and
urge its passage and rapid implementation.

When we negotiated the partial test ban in 1963 there was good reason for
hesitation in including underground tests in the ban since appropriate means to
insure compliance were not available. That is not the case at present since the
SALT accords of 1972 have established precedents for arms control verification
procedures and the technology to implement these is fully adequate to the task.

The present international climate of cooperation is one that should be fur-
thered in every possible way and a comprehensive test ban is an excellent step
in that direection.

Moreover, both the U.S. and the U.S.8.R. have many domestic needs that
would profit from the release of valuable resources now spent in the nuclear
arms race. We enn not afford to negleet them any longer in an irrational preoc-
cupation with building newer and better weapons of destruction that are clearly
Unnecessary.

We, therefore, are in full accord 1. with the call for an immediate suspension
on our part of underground nuclear testing to remain in effect as long as the
Soviet Union abstains from underground testing and 2. prompt action to set
forth new proposals to the U.S.8.R. and other nations for a permanent treaty to
ban all nuclear tests,

Sincerely yours,
Sister MArGARET HoHMAN, S.C.N.,
Network Staff.

Boarp or CHRISTIAN EnucATioN,
Richmond, Va., March 27, 1978.
Hon. Epwarp M. KENNEDY,
U.8. Senate,
Washington, D.C.

Dear SENATOR KENNEDY : T am writing to express support for Senate Resolution
67 calling on the President to promote negotiations for a comprehensive test han
treaty.

The 109th General Assembly of the Preshyterian Churech in the United States,
the highest judicatory of our denomination, adopted a resolution at its meeting
in 1969 in which it expressed “appreciation of our government's ratification of
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the nuclear non-proliferation treaty, urge(d) strong citizen support of the treaty,
and call(ed) for the development of a more comprehensive nuclear ban.”
Senate Resolution 67 is clearly consistent with this appeal of the church.
Sincerely yours,
GEORGE A. CHAUNCEY,
Director, Office of Church and Society.

JOINT WASHINGTON OFFICE FOR SoCIAL CONCERN,
Washington, D.C., March 29, 1973.
Hon. Epwarp M. KENNEDY,
01ld Senate Office Building,
Washington, D.C,

DeAr SENaToR KExNEDY: We are delighted that you are again this year co-
sponsoring the Senate Resolution for a Comprehensive Nuclear Test Ban Treaty.

We hope that you will press for speedy action in the Senate on 8. Res, 67 and
clean up the unfinished business which began with the partial test ban treaty
achieved by President Kennedy in the last year of his service in the White
House,

We think a ban on underground testing is more necessary than ever in view
of the Rio Blanco test to be undertaken soon in Colorado by the Atomic Energy
Commission.

The organizations in this Office have had a long commitment to disarmament
and the reduction of nuclear radiation hazards. I am enclosing a copy of our
Mareh newsletter in which you will note that one of our priorities this year is
the comprehensive nuclear test ban.

Sincerely yours,
Rogperr E. JoNES,
Executive Director.,

Uxrrep CHURCH oF CHRIST,
Councin ror CHRISTIAN SOCIAL ACTION,
Washington, D.C., March 5, 1973.
Hon. Epwarp M. KENNEDY,
U.8. Senate, Senate Oflice Building,
Washington, D.C.

DeAr SENaTOR KENNEDY : We wish to offer our encouragement and support for
a Senate Resolution that would ask President Nixon to propose an immediate
suspension of underground nuclear testing.

We remember that when the ban for testing above the ground was finally
approved in 1963, there was apprehension by our more cautious citizens on the
possible dangers in this limitation. Experience has shown that their fears were
not justified. The ceasing of atmospheric testing reduced the tremendous hazard
for deadly pollution and also was an indieation of goodwill and the possibility
of agreement to limit arms. The 1963 treaty thus was a step leading toward the
alleviation of tensions and the accords that are now being developed with
countries previously regarded as our enemies.

Time has now passed to where another treaty completing the ban on nuelear
testing will be another step in our progress for peace. Furthermore, the tre-
mendous developments in our technology include great improvements in our
ability to detect nuclear bomb tests. The fear in 1963 that underground tests
would go undetected is not justified in 1973.

With the arguments against nuclear bans thus diminished and the desirability
of further progress in international friendship enhanced, we believe it is timely
for the Senate to pass this resolution.

Sincerely yours,
Tierorp E. DUDLEY,
Director, Washington O flice.




McMurrYy COLLEGE,
Abilene, Tex., March 12, 1973.
Mr. MARK SCHNEIDER,
U.8. Senate,
Washington, D.C.
(Attention of Senator Kennedy.)

DeAr Mg, ScHNEIDER: On March 12, 1973, the Congress of the Student Associa-
tion of McMurry College unanimously approved and endorsed the proposal for a
Comprehensive Nuclear Test Ban.

If we may be of further assistance in this matter, please contact us.

Sincerely yours,
Gary P. ParroN, President.

NaTroNAL WOMEN'S CONFERENCE OF THE AMERICAN ETHICAL UNION,
New York, N.Y., February 15, 1973.
Mr, MArRK SCHNEIDER,
U.8. Senate,
Washington, D.C.
(Attention of Senator Edward M. Kennedy. )

Dear Mg. ScHNEIDER: The National Women's Conference of the American
Ethical Union endorses the Comprehensive Nuclear Test Ban Resolution and
supports the effort to secure support from the Soviet Union and other nations
for a permanent treaty to ban all nuclear tests.

We are pleased that some of our Senators have co-sponsored such a Resolu-
tion and will do all we ean to encourage support for it.

We feel that it's most important at this time to begin to reduce the amounts
of money budgeted and used for military purposes and that it is important to
protect our environment from the dangers of nuclear testing.

Sincerely yours,
Rose L. WALKER,
(Mrs. Harold L.)
N.W.C. Rep. to U.N.

AMERICAN ETHICAL UNION,
New York, N.Y., February 15, 1978.
Mr. MarK SCHNEIDER,
(Attention of Senator Edward M. Kennedy).
7.8, Senate, Washington, D.C.

Dear Sir: The American Ethical Union strongly endorses the Comprehensive
Nuclear Test Ban Resolution and we urge that you use your efforts to secure
strong support for this resolution,

We feel it is-important that the United States follow through in its commit-
ment in previous treaties (Partinl Test Ban—'63 and Non-Proliferation—'68)
to negotiate a comprehensive test ban treaty and that it propose to the Soviet

Inion that it too help secure a treaty to ban all nuclear tests.
Sincerely yours,
May H. Wers.

CHRISTIAN CHURCH,
Indianapolis, Ind., March 5, 1973.
Senator EnwaArp M. KENNEDY,
Senate Office Building,
Washington, D.C.

DeAr SENATOR KENNEDY : T have noted with interest that you have introduced
Senate Resolution 67 in support of a comprehensive test ban treaty. It is indeed
heartening to know that this major concern of all mankind is receiving such
serious attention. The Christian Churches (Disciples of Christ) have over the
years specifically supported a ban on nuclear testing. Resolutions passed by our
Assembly in 1959 and 1971 and reaffirmed since then support this objective.
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Therefore, it is my hope that yon will be successful in bringing Senate Resolution
67 to a favorable vote in the Senate. If there is any way in which we can be of
assistance to you, please let me know,
Cordially,
ROBERT A. FANGMEIER,
Director, International Affairs.

ReLIGIOUS AcTioN CENTER,
UN10N OF AMERICAN HEBREW CONGREGATIONS,
Washington, D.C., March 8, 1973.
Hon. EpwaArp M. KENNEDY,
[7.8. Senate,
Washington, D.C.

(Attention : Mr. Mark Schneider).

Dear SENATOR KENNEDY : We strongly endorse and support the Comprehensive
Nuclear Test Ban Resolution (S. Res. 67) which yYou are sponsoring in the
Senate that would ask President Nixon to propose an immediate ban on nueclear
testing and urging a new proposal to the Soviet Union and other nations for a
permanent treaty to ban all nuclear tests.

For many years, acting out of moral, religious and social concern, the Union
of American Hebrew Congregations, through policies adopted by its General
Assemblies and its Board of Trustees, has sought to alleviate the danger to the
health, peace and safety of the world that is directly related to the continued
development of nuclear and thermonuclear weapons, You might be interested
in a brief chronology of positions taken by the UAHC over the past fourteen
years:

1959—O0pposed resumption of atmospheric nuclear testing.

1961—Supported President Kennedy in his decision to resist resumption of
atmospheric nuclear testing.

1963—Supported the Nuclear Test Ban treaty,

1965—Warned against continued proliferation of nuclear weapons.

1968—Supported strengthened Arms Control and Disarmament Agency and
urged negotiations to end the proliferation of dangerous weapons.

1969—0Opposed ABM, supported renunciation of germ warfare and nerve gases,
and supported the objectives of the SALT negotiations.

So, we have a long history that supports the position that you are espousing
In your proposed resolution, We ought to recall now that the fears expressed by
those who hesitated to support the Test Ban Treaty in 1963 turned out to be
groundless and the world achieved more safety than danger from that pact.
Now, with reference to underground testing, it is clear that new technology of
verification makes it as feasible and desirable, as it has long been necessary,
that the end of nuclear testing finally become a reality.

Kindest personal regards.

Sincerely,
MARVIN BRAITERMAN.

O
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