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TO PROMOTE NEGOTIATIONS FOR A COMPREHENSIVE TEST BAN TREATY
TU ESD A Y , M A Y  1, 19 73

U nit ed  S ta te s S en a te ,
S ubco m m it te e on  A rm s C on tr ol ,

I n te rnati onal L aw  an d  O rg an izat io n 
of  t h e  C om m it tee  on  F or eign  R el ati ons,

W ashing ton, D.G.
The subcommittee met, pursuant to notice, at 10 a.m., in room 4221, New Senate Office Building, Senator Edmund S. Muskie (chairman of the subcommittee) presiding.
Present: Senators Muskie (pre siding) , Humphrey,  and Case.

O PEN IN G  STA TEM EN T

Senator  Muskie. Today, the Subcommittee on Arms Control, In ter­national Law and Organ ization is holding hearings  on Senate  Resolu­
tion 67, a bill tha t calls on the Pres iden t to promote negotiations for a comprehensive test ban treaty. Specifically, the resolution proposes tha t it be the sense of the Senate that the President, one, should pro­
pose an immediate suspension on undergroun d nuclear testing to re­main in effect so long as the Soviet Union abstains, and two, should set fo rth promptly a new proposal to the Soviet Government and other 
nations for a permanent treaty banning  all nuc lear tests. Today’s hear ­ings are a cont inuation  of the  hearings on the prospects for a compre­
hensive test ban trea ty held bv this  subcommittee in Julv 1971 and May 1972.

[Text of Senate Resolution 67 and coordina ted executive branch comments follow:]
[S.  Re s. 67, 93d  Cong., 1st  se ss .]

RE SO LU TI ON C al ling  on th e  P re si den t to  pr om ot e neg oti at io ns fo r a co m pr eh en sive  te s t ba n tr ea ty

Whereas the United Sta tes  is committed in the  Pa rt ia l Tes t Ban  Trea ty  of 1963 and the Non prol ifera tion of Nuclear Weapons Treaty of 1968 to negotia te a com prehens ive tes t ban  tr ea ty  ;
Whe reas  the conclusion of a comprehensive test  ban tre aty will reinforce  the  Nonprol ifera tion of Nuclear Weapons Treaty , and  will fulfill our  pledge in the  Pa rt ia l Test Ban Treaty ;
Whereas there has  been signi fican t progress in the  detec tion and ident ifica tion of underground  nuclear  tes ts by seismological and  other mea ns ; andWhereas the  SALT accords of 1972 have placed quan titati ve  l imi tat ion s on o f­fensive and defensive strategic  weapons and have  established important prece ­dents for  a rms control verif ication procedures  ; and
Whereas ear ly achievement of tot al nuc lear  test cessa tion would have many beneficial conseque nces ; creating a more favorable  int ern ational arm s control



clim ate; imposing further  finite limits on the nuclear arms ra ce ; releasing re­
sources for domestic need s; protecting our environment from growing testing 
dangers; making more stable existing  arms limitations agreements; and com­
plementing the ongoing strategic  arms limitation ta lk s; 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 fo rth 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.

Depa rtm ent of State, 
Washington, D.C., April 80,1973.

Hon. J. W. F ul bright ,
Chairman, Committee on Foreign Relations,
U.S. 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 nuclear 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 initial 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 year, reaffirmed United States 
support for an adequately verified comprehensive test ban, and stressed that 
“We continue to believe that only adequate verification 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 prudent 
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 U.S. 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 clarifyin g the possible util ity of unmanned 
seismic observatories, and in improving understanding o f methods of clandestine 
testing that might be used to evade a comprehensive test ban. As a part of 
the research effort, improved seismic instrumentation and data transmission sys­
tems are to be made operational in the near future.

Despite this progress, not all of the difficulties 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 difficulties that 
remain.

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

Sincerely,
Marshall Wright,

Acting  A ssis tant Secretary for  Congressional Relat ions.

IN TEN TIO N  O F  8. RES.  67

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



3

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

STA TEM ENTS  FA VO RING  CE SS AT IO N OF  NU CLE AR TES TI NG

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 Trea ty and the 1968 Non- 
Prolife ration  Treaty [NP T] our Government has committed itself to 
work toward  a comprehensive test ban. Most recently, Henry Kis­
singer, President Nixon’s Assistant for National Security Affairs, said 
in Moscow last May when asked about the possibility of America’s 
actively pursu ing the conclusion of a comprehensive test ban treaty : 
“We have been, in principle, prepared to do this. The obstacle has been 
the debate about inspection, and we are willing to restudy the issue.”

The 1971 and 1972 hearings of this subcommittee produced much 
testimony—from both administration and private witnesses—about 
new advances in verification techniques and in favor of a cessation of 
all nuclear test ing. Unfortunately, there has been no positive legisla­
tive action as yet on this matter. This year, I am hopeful  t ha t S. Res. 
67 will be acted on favorably  by the Senate.

CH A N G E IN  WO RLD’S ST RA TE GIC SIT U A TIO N

Since last year’s hearing, the world’s strategic situa tion has changed 
substantially as a result of the conclusion of the SALT I  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 strategic accords concluded 
thus far  have revolved around the quantit ies of nuclear weapons 
possessed bv the United States and the Soviet Union. Clearly, we 
must now move in the di rection of qual itative controls. And a compre­
hensive test ban treaty  is a critical ly important step in that  direction.

RE AS ON S TO AC T NO W

The reasons to act now are compelling. Because of the ARM 
Treaty, there is no longer a need for more advanced strateg ic defensive 
weapons. Improvements can be made in non-nuclear technology as 
national security needs dictate. And there  is no prospect now of a dr a­
matic breakth rough in nuclear technology th at would give either th is 
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 trea ty in order to prevent the spread of nuclear weapons to non­
nuclear nations is increasingly important.  And a comprehensive test 
ban would strengthen the Non-Prol iferat ion Treaty o f 1968 by impos­
ing the same testing constraints on the nuclear powers tha t are al­
ready imposed on the non-nuclear nations by tha t treaty. Conse­
quently, if we continue to pursue nuclear test ing, we face the prospect 
not of enhancing our own security but of decreasing it. Now is the
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time  for t hi s c ou ntr y to work a ctiv ely  tow ard the  conclusion  o f a com­
prehensive nucle ar tes t ban  t reaty . T am hopeful  th at  toda y’s he ar ings  
on S. Res. 67 will sp ur  new U.S.  effo rts towa rd ach iev ing  th is  
objec tive.

Our  first witness fo r tod ay’s he ar ing will be Se na tor  Edw ar d 
Kennedy.

STAT EMENT OF HON. EDW ARD  M. KENNEDY. U.S. SENATOR FROM 
MASSACHUSETTS

Sena tor  K enn edy . Mr. Ch air ma n. I ap prec iate  the  opp or tuni ty  once 
more to add ress the  S ubcommit tee  on Arms  Co ntro l and  D isa rm am ent 
on the need fo r a com preh ensive test ban  t reaty,  CT B.

Senate Resolutio n 67. which 1 int roduced alo ng with Sena tor s 
Ma thias,  Il a rt , Hu mph rey , Case  and  you,  Mr. Ch air man , hopeful ly 
will offer a n op po rtu ni ty  fo r the  Senat e to clearly  endo rse imm ediate , 
serious  an d c oncen tra ted  efforts  by the  executive  br anch to s ecure a test 
ban  treaty .

SE NATE  RE SO LU TI ON  6 7

Senate Res olu tion  67 was int rod uce d on Fe brua ry  20, 1973. I t  re p­
resents the  jo in t efforts of  the  chief au thor s to pro vide a single  leg is­
lative vehicle fo r the expression of ou r belie f th at  a com prehensive  test 
ban tre aty,  CT B,  is long  overdue.  Thi rty- th re e Sena tor s have now 
join ed in su pp or t of t his  resolu tion .

The r eso luti on urges the Pres iden t firs t, to propose an immedia te sus­
pension of unde rgroun d nucle ar test ing to rem ain in effect so long as 
the  Soviet Un ion absta ins  from un de rgr ound  tes ting, and second, to 
set fo rth  prom ptly a new proposal to  the  G ove rnm ent  of the  I ’.S.S.R. 
and  oth er na tio ns  fo r a permane nt trea ty  to b an all nucle ar test s.

Essen tia lly  we believe  th at  an immedia te suspension would, as i t did  
10 yea rs ago,  emphasi ze both the  serio usness and the  sin cerity with  
which we intend to pu rsue negoti ati ons for  ar rivi ng  at a tes t ban  tre aty . 
The resolution  also ca lls fo r a new p rop osa l to reflect the  chang es in  the  
world, the  changes in o ur  r elati on sh ip with the  Soviet Vn ion , and  the 
changes in ou r own technologic al capacit y which the  pas t decade has 
produced.

HI ST ORIC AL PR EC ED EN T FOR SU SPEN SIO N  OF TES TI NG

The his tor ica l prec edent for a suspension of testi ng  is well known. 
In  late  December  1962, corr espond ence between  Pres iden t Kennedy 
and  Pr em ier Khrushch ev ind ica ted  a renew ed intere st in seekin g a ban 
on nucle ar tes ting.

Inform al con tac ts took  place  du ring  the sprin g. Then, 10 y ear s ago 
th is mo nth . Se na tor Hu mph rey led 33 othe r Senator s in int rodu cin g a 
resolu tion su pp or tin g tes t ban neg otiatio ns.

Two weeks lat er  on Ju ne  10 at  Am erican Un iversit y,  Pr es iden t Ken­
nedy ann oun ced  a mo ratorium  on atm osp her ic test ing to rem ain  in 
effect so l ong  as the  Soviet  U nion abs tained  from  testing . H e an nounced  
as well the  sta rt of nego tia tions  tow ard  a permane nt tre aty.  He  said  
then, “S uch  a mo rat ori um  is no subs titu te fo r a  form al bind ing t reaty,  
but I hope  it will help us achieve one.”



On July 26, our chief negotiator,  Ambassador Averill Harr iman , 
initialed an agreement in Moscow and it was formally signed on 
August 5 by both President Kennedy and Prem ier Khrushchev.

I believe that  a similar  initia tive by Presiden t Nixon could well pro­
duce a similar  result, a result which would complete the unfinished 
business of a decade. For  in the trea ty tha t 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 afte r more th an 
600 meetings of the Conference of the Committee on Disarmament, 
[CCD], at Geneva, it is clear to all th at neither the United States nor 
the U.S.S.K. has seriously pursued a test ban treaty.

RE SU LT S OF FA IL U R E TO PU RSU E TE ST  BA X TR EA TY

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 fran tic 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 Insti tution 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 st rategic forces are on the upswing. 
A Brookings analysis soon to be published will show an increase in 
the fiscal year 1974 budget of $1.4 billion for st rategic forces alone.

Are we more secure today because of these vast expenditures and 
because of  our aggressive t esting  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 
catch-up, multiply ing their  stockpile from 210 warheads to 2,200. We 
have expended enormous sums of money, but we have not purchased 
grea ter security for either nation.

PR ES EN T M O M EN T OPP ORTUNE FOR NEW  IN IT IA TIV E

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

With in 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 r ising opti-
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misni around the world a t the sight of the two most powerful nations 
agreeing on a system of mutual restra int.

An extremely fitting and appropriate  conclusion to this year’s sum­
mit would he 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 anniversa ry 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 p lacing qualitative checks on the nuclear arms race 
and would give impetus to the other negotiations now underway at 
SALT 11, at MBF R [Mutual and Balanced Force Reductions] and 
at the disarmament conference.

BEN EFI TS OF  H A LT TO TESTIN G

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

Firs t, a comprehensive test ban t reaty , CTB, would mesh a potent 
qualitative restra ining with the quanti tative  limits imposed by the 
SALT 1 agreements. For, as I)r. Kissinger s tated, 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 trea ty of SALT I has removed any need fo r 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 fur the r ABM deployment.

Yet, the budget proposals of the Presiden t are ample evidence that 
demands fo r new offensive systems will continue despite the invulner­
ability of our deterrent and despite the unquestioned retaliatory  ca­
pacity of our nuclear strik ing force.

There would he a minor, though tangible, benefit for the United 
States in freezing qualitative warhead improvements at th is time. For 
there is every indication tha t a halt  in testing  now would make far 
more difficult the Soviet effoit to secure an operational MIRV. But 
each side would benefit in the knowledge tha t no substantial improve­
ment in warheads could be tested and th is in itself would put a damper 
on the pressure for fur ther qualita tive improvement in weapons *
systems.

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

Second, a CTB would reinforce the nonprol iferation trea ty 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, Egypt ,
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India, Paki stan , and Brazil. Recently in Jap an and in other nations 
as well, there has been renewed talk  of going nuclear, an event tha t 
could not help but mark a serious pe rhaps  fatal  step backward in the effort to secure world peace.

And these nations look with appropr iate  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 nonprolifera tion trea ty. IIow could 
two of the original pa rties to th at 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 futu re clearly is 

less likely while the  United States  and the Soviet Union continue tes t­
ing. Also, with regard to China, her recent ratification of part icipa­
tion in the nuclear-free Latin  America  treaty—Trea ty of Tlatelolco— 
is a promising sign. What seems clear, however, is th at 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 haz­ard 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 prec ipitate ear thquakes  and even tidal waves. Regardless of the improbabil ity of such an occurrence, the unleashing 
of massive power by underground testing presents risks tha t 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.

Four th, a CTB would permit a substantial amount of resources to 
be redirected away from weapons testing and production to non­
milita ry needs. This year 's budget calls for $176 million for test ing by 
the AFC and $425 million for production of weapons.

President Eisenhower said in 1953:
Every  gun that  is made, every warsh ip launched, every rocket fired, sign i­fies, in the final sense, a the ft from those  who hunger  and are  not fed, those who ar e cold and are  not clothed.
The $176 million for testing alone would pay the annual salaries 

of 19,500 elementary schoolteachers.
Fina lly, a CTB would have an enormous psychological 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 tha t the conclusion of a CTB would 
create a positive arms control environment in which SAL T II  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  
tha t objective.

IS SU E OF  AD EQ UA TE  VERIF IC ATI ON

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 verification requires onsite inspections.

Today, the demand for onsite inspection has lost whatever merit it 
ever possessed. In 1963, when we were willing to agree to a trea ty with 
seven onsite inspections, we had extremely primitive 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 explosions, down to a level of 2 kilotons in h ard  rock. This 
was the conclusion of the Woods Hole seminar of the Advanced Re­
search Project Administration [ARPA] of 1)01) and it has been 
reitera ted 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], Phil ip J. Farley, has stated be­
fore this subcommittee, “We have not had occasion 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 lie noted, as well, that  onsite inspection itself is of 
limited util ity in any case. Dr. Lukasik, ARPA Director, testified 
before the Join t Committee on Atomic Energy in 1971, tha t 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. Frank lin A. Long, former Assistant  Director for Science and 
Technology of the Arms Control and Disarmament Agency has de­
scribed tlie new seismological capability as being extremely close to 
the situa tion where we can distinguish between earthquake and nuclear 
explosion whenever we detect an underground disturbance. In tha t 
situat ion, onsite inspection becomes virtual ly meaningless.

With  regard to seismic capabilities, I would note that the U.S.-Soviet 
environmental agreements of last year include provision for the in­
stallat ion of earthquake 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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C C I) : “I nt er na tio na l coo per ation in  ex changin g se ismic d ata wo uld  be 
of gr ea t importa nce in th is  matt er . Th e U.S.S .R.  is wi lling  to  ca rry  
out such  exchan ges  wi thi n the fra mew ork of an agree me nt on the  
cessation of nu clea r weapon test s.”

An d we do no t have to rely on seismic mon ito rin g alone to enforc e 
compliance.

AD EQ UA TE  VERIF IC A TI ON IS SU E

Th ere is ad di tio na l assu rance prov ide d today by obser vation sa te l­
lite s which are  refined  to a capa bi lit y unknown 10 ye ars ago. Sa te l­
lite  p hotos  would  be able  t o dete ct cons tru cti on  a rt ifac ts  at  a  t es t site,  
such as dr ill in g,  roa ds,  borehole cas ings, or  towers.  A ft er  a tes t, a 
sa tel lite  pho to wou ld pick u p subsidence craters, c hanges  in  vegetat ion , 
and  othe r indica tors  of a cha nge in the  E art h ’s surface . Wh en we are  
aw are  t hat  sa telli te pho tos  ca n disti ng uish  de tai ls down to  a  d iam ete r 
of a f ew fee t, the n cle arl y we have an eno rmo us new veri ficatio n p oten ­
tia l avail able t o us.

I t  sh ould also be noted  that,  these two ver ific atio n technologies, sa te l­
lite  ph otog raph y and seismolo gy, would not opera te ind ependently. 
The value o f t he  two  w ould  be gr ea te r t ha n the  sum o f t he  p ar ts , s ince 
an eva der  would h ave to  evade both  sim ultane ously .

Fu rth ermor e,  we wou ld hav e trad it io na l in tel lig ence-gath eri ng  
means to ad d to the  ris k of the na tio n at tempt ing to evade th e trea ty .

Thus, Will iam  C. Fo ste r, Di rector  of AC DA  from 1961 to 1969, 
sta tes  in a  le tter  to me in s up po rt o f th is  res olu tion : “Alth ou gh  ver ific a­
tio n of a CT B once req uir ed  ons ite  inspec tion, nucle ar tes t det ect ion  
and identi ficatio n techno logy is now such th at  we can en ter saf ely  
int o a te st ban  agre em ent u sin g exis tin g nat iona l m eans  of  ver ific ation, 
wit hout ons ite ins pection .” I  wou ld like  to  submi t the le tte r an d a fu ll 
sta tem ent a s well fro m Air. Fo ste r, now ch airm an  of th e Arms  Contro l 
Associat ion. [See  ap pe nd ix p. 137.]

Further  evidence  th at  ons ite inspec tion  is no longer  a leg itimate  
obstacle to the  conclus ion of  a CT B is its absence fro m the SA LT 
agre eme nts.

They affirm the adequa cy of  nat iona l means of  ve rificat ion , and  they  
do so under con dit ion s in which seism ic veri fica tion  is not  even av ai l­
able  as a m ethod of detec tion .

Dr . Ki ss ing er s ta te d : “W e are  conf iden t th at  the na tio na l mea ns of  
ver ification are  sufficient to give  us the high es t deg ree of  confidence 
th at  th is agreem ent  will  be lived up to, or th at  we will know  i t almo st 
immedia tely  if it is not lived up  to .”

He  was supp or ted str on gly by fo rm er  AC DA  Di rec tor , Am bassa ­
do r Ge ra rd  Sm ith , who sa id : “As a mat te r of  fac t, if  I  ha d my 
‘dru th er s’ and  could hav e onsite inspec tion  ins tea d of ou r presen t na ­
tio nal mean s, there  wou ld be no question in my mind th at  we wou ld 
be much be tte r off with n ati on al means o f ve rif ica tion.”

The SA LT  accords also  pro vid e a veri fica tion  process which could 
be used as a model fo r CT B.  For  b oth sides have agreed  not to in te r­
fer e with na tional mea ns of  inspec tion , and both sides have  agreed  
not  to use de libera te concealment to imp ede  veri fica tion . A stan ding  
con sul tat ive  com mission also  has been establi shed where q ues tion s con-
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corning fulfillment of the trea ty 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 trea ty. 
A similar procedure could be established in a CTB agreement.

This procedure and the technology we have to hack it up would 
provide the same assurance in a CTB 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 creation would fall to pieces at the first 
sign of a trea ty violation. They know, too. that our present verifica­
tion capabilities make the risk of discovery enormous.

POSI TIO N SU M M ARY

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. Vet there has been no new proposal to achieve 
a treaty.

Furthermore, all agree that the logical next step to the SALT I 
agreements is a treaty  limiting qualita tive 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 to a final treaty . Why not try it again and break 
the logjam that  has held up test ban negotiations for 10 years?

Mr. Chairman, 1 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 nuclear 
testing.

We have an obligation to do so under two international treaties, 
but we have an even greate r 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 d isarmament and arms 
control. 1 would like to ask t hat  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. I think 
tha t within the confines of the statement itself without the suppor ting
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materia l, you have laid out the case for S. Res. 67 about as well as i t 
can be done.

I th ink tha t at  this point Senator  Case has a statement tha t he didn’t 
have an opportunity to make. I would like to give him tha t oppor­tunity .

Senator Case. Thank you, Mr. Chairman.
I join in the view of expressing appreciation to Senator Kennedy 

for a very line statement. It  is comprehensive, 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 Case on S. Res. 67

•
The resolution before this  subcommittee today calls upon the Presid ent 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 

t  Soviet Union and othe r nations for a permanent trea ty to ban all nuclear tests.
I sponsored this resolution when it was introduced in the Senate on Feb­

ruary 20, 1973, and I earnest ly hope tha t favorable action by this committee and 
passage by the Senate can be speedily accomplished.

From every standpoint, the time is at  hand for the Senate to affirm support for 
a new initia tive on the p art  of this government.

For almost 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 justif ied in view of our then-relatively primitive ability to verify com­
pliance solely by seismic monitoring statio ns on our own soil or on tha t of coun­
tries bordering on the Soviet Union.

But since then there have been grea t advances in seismic monitoring tech­
niques. The significance of these advances is tha t 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 control expert s may question whether any further improvement 
in our seismic monitoring capabilities is necessary. Others may still argue tha t 
our capabilities for policing a test ban trea ty 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 under lined th at the Defense Department 
has greatly stepped up efforts in the j»ast year to improve even fur the r our 
capabilities to monitor an underground te st ban.

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

Due 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- 

l  duce legislation to transfer  responsibility from the Defense Department, which
then had jurisdiction, to the U.S. 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 urgency and high degree of priority. According to one account, a 
new initia tive is now underway to relocate and upgrade monitoring equipment 
throughout the 20-station seismograpliic network that  the U.S. has throughout 
the world.

I applaud this development. But it is all the more impor tant tha t this new 
momentum be main tained—in this connection, tha t we in the Senate now affirm 
our support for this movement towards a trea ty ending all nuclear te st s:
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Since th e co nc lusio n of  th e  Li m ite d N uc le ar  T est  Ban  T re at y,  in 1963, th e 
ra te  of  n uc le ar  t es ting  h as  act ua lly  in cr ea se d.

Th e no n- nu clea r po w er s ha ve  become in cr ea si ngl y re st iv e a t th e pr olon ge d 
de lay in en ding  nucl ea r te st in g.  Th e N uc lear  N on -P ro li fe ra tion T re aty  it se lf  is 
fu rt h er en da ng er ed  w ith th e pa ss ag e of  ev ery day—a nd we ha ve  been spec ifi ­
ca lly  w ar ne d by nat io ns wh o ha ve  no t ye t ra ti fi ed  it  th a t tim e is  ru nnin g out.

Ab sent an  ag re em en t, th e Uni ted S ta te s an d th e  So viet Un ion will  feel im ­
pel led  to co nt in ue  th e ir  in ex or ab le  co mpe tit ion to  re tin e th e ir  w ar he ad s.

As the fi rs t st ep  in  th e ef fo rt fin all y to  re so lve th is  long -s tand in g im pa sse,  I 
ur ge  m y c ol leag ue s t o su pport  t h is  res olut io n.

REASON RESOLUTION IS NECE SSARY

Senator  Case. As cosponsor of this resolution, I have been asked why 
I believe a resolution is necessary. The implication is: Are you c rit i­
cizing the administration for dragg ing its feet? Well, I ’m not, and I 
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 w

progress. I regard this resolution as evidence tha t the Congress will 
stand behind initiatives in this area by the adminis tration which we 
think are useful and which we have no reason to suggest they are not 
willing to make.

As I have said before in another hearing before this committee, I 
think it is more essential now than it has been in the past when there 
was no question tha t the adminis tration’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. Tha t 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  Kennedy. 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 contributions, that  is 
exactly the spirit in which the cosponsors, both sides of the aisle, have 
advanced thi s 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 tha t light.

Senator Case. Thank you.
Thank you, Mr. Chairman.
Senator Muskie. I think  the point tha t 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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dev elopments in the envir onme nta l field which fina lly tri gg ered  pub lic 
intere st a nd  concern  a nd  su pport .

We have had  di rty wa ter  aro und a long tim e;  yet an awarenes s of 
th at  was not sufficient to rea lly  mount  a mass ive pub lic conc ern. It  
was only  when ai r p ol lu tio n became very  visib le and people were sensi­
tive to the  fac t th at  they  were br ea th ing th is filth  and could n’t escape  
it th at  the  emotio nal  con ten t of the  issue began to mount, an d we 
began to get  some tou gh ai r pol lution leg islation and also wa ter  p ollu­
tion leg isla tion . We ach ieved a lim ite d tes t ban trea ty  because peop le 
real ized the y could n't  escape the  radiat ion in the atm osp here. I t was 
acc um ula ting, co nc en tra tin g in unk now n and , in some cases, unmeas­
ura ble  dimensions , an d the  prospect of  th at , I th ink,  inje cted an emo­
tional conte nt into the  issue which gav e us the  lim ited test ban  trea ty  
and lat er  the no np ro lif erat ion tre aty.

Now, I th ink,  wh at the  three  of  us and our associates feel is th at , 
with the  elimination of  th at  emo tion al content,  we may have  cre ated 
an obstacle to fu rther  pro gre ss in t hi s field, and I t hi nk  t ha t's  a no the r 
reason that  makes it im po rta nt  th at  we tak e pa rt in th is  in itia tive.

I would  like to ask just two or three questions, Se na tor Kennedy , 
to emphas ize t he  simpl ici ty  of  the  ap proa ch  in  S. Res. 67.

( AL L FOR M ORA TO RI UM  ON  FU R T H E R  TESTIN G

Fi rs t of  all,  you  call fo r a mo rat ori um  on fu rther  tes ting. Th is  is 
a tri ed  and  tru e device which you so well pointed out in your  stat e­
ment, and it has  led on pre vio us occasions to  th e ach ievemen t of  agre e­
men ts. So th is is not a risky  kind  of  ven ture.

I recal l th at  in the  fifti es, and especia lly the  1956 Pr es iden tia l cam ­
paign , such a sugges tion was reg ard ed  as rev olu tio nary and  risky  be­
yon d any  reaso nable ness.  Yet Presi dent Kennedy undertook  it in 1962, 
and it very  qui ckly result ed  in a lim ited  test  ban agreem ent . And so 
the  sim plicity of  th at  approach , I th ink,  ought to generate some re ­
assu rance th at  you and I and Se na tor Case are  not wild  men.

NO I 'N  I LA TE RA L U N D ERTA K IN G  TO SE T DO WN  TR EA TY  TE RM S

The second poi nt I would make  is th at  we are  not un de rta king  
un ila ter al ly  to set down the ter ms  of the tre aty which the  Un ite d 
State s would inquire. .Vs a m at te r of fac t there are  no ter ms  at all 
in S. Res. 67. We are sim ply  askin g fo r the be ginn ing of the  ne go tia ­
tio n process, and th at  is a sim ple  pro posit ion . It  does not  bind us to 
an yt hi ng  from  which we c annot back  off, and does not bind  us to  a ny  
risks th at  we would n ot be allowe d to  measure .

AD EQ UA CY  OF EX IS TIN G  NATIO NAL M EA NS OF  VERI FI CA TI ON

The th ird poi nt— and I th in k those  two  points are  easy for the  
pub lic to un de ist an d—is th at  I th ink we need some en lighte nm ent on 
the  ques tion  of ver ific atio n which you tou ch upon, I th ink,  so effec­
tively  in yo ur  sta tem ent.

Now, do you per son ally believe t ha t the re hav e been sufficient se ismo­
logical  advances in recen t years  to pro vid e the  United  State s with  an 
acceptable level of  competence in our ab ili ty  to iden tif y sign ific ant  
vio lati ons of the  com prehen sive test ban tre aty?

96 -4 66 O— 73 2



14

Senator  Kennedy. AVell. T certa inly do, Mr. Chairman. And T think 
that  the case has been made bv experts, some of the witnesses tha t 
will appear  before you today. I also would note the very splendid 
statement of Wil liam 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 tha t we can en ter 
safely into a test ban agreement using existing national means of veri­
fication without onsite inspection.

I think  tha t statement is 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 
tha t 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 ­
priate ly so, tha t the benefits of the ABM trea ty and the agreement on 
limitation of offensive weapons with  the Soviet Union, and the over­
whelming risk of detection outweighs any potentially small advantage 
tha t might be conceived by the Soviet Union to just ify an isolated 
instance of cheating.

The potential risk which exists, even i f we were talk ing about the 
Soviet Union moving ahead with the various  types of gymnastics tha t 
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 tha t would come from it would be of such littl e 
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 a CTB is o f 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 under taking  tests in tha t environment of tech­
nology is so great tha t we can rely on deterrents to inhib it them from 
under taking  to cheat.

Those have been persuasive arguments, as you have said.

PO SSIB IL IT Y  OF  SE NA TE  RE SO LU TI ON 67  W E A K EN IN G  U .S . NE GOTI ATI NG 
PO SI TIO N ON  VER IF IC ATI ON

One o ther 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 John Foster of the Defense Department argues that  
Senate Resolution 67, by tacitly accepting the Soviet position on na­
tional means at the outset, would actua lly weaken our present position 
in a ttempting to negotiate to require verification capabilities.
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How wou ld you res pond  to  th at ?
Se na tor  K ennedy . F ir st  of  a ll, I  am  w ill ing  to  accept , as  an  ind iv id ­

ual  Se na tor , the  fac t th at  ons ite inspec tions wou ld not be necessa ry, 
bu t ou r resolu tion does no t pro pose th at . I  th in k th is  resolu tion is an 
um bre lla  un de r whi ch many of us can  find  agreem ent , and I am sure 
there are  di ffe ren t mem bers who su pp or t the  basic pro posal  as you 
hav e ou tlin ed  yourself,  th at  hav e dif fer en t kind s of  views  on the  
specif ics of  v erif icat ion .

I do not t hi nk  i t in an y way  wou ld bind  us. Pe rh ap s the re wou ld be 
those—a nd pe rhap s Mr.  Fo ster—an d I  will  look fo rw ard to read ing 
his  tes tim ony—wou ld feel in some way  th at  it  at  least outlin es the  
pa rameters o f t he  verif ica tion issue an d th us  sti ck us w ith  th e pos ition. 
Tho se of  us who are  su pp or tin g the  res olu tion at  the  out set  ou gh t to 
make quite cle ar th at  it does not at tempt  to  enuncia te a specific ba r­
ga in ing proposal.

As I say, na tio na l mea ns of  ver ific atio n would sa tis fy  me, bu t I  do 
no t th in k it real ly  should be in terp re ted,  as one who has been active 
in the  deve lopment o f t he  resolu tion, alo ng  w ith  yourse lf and Sena tor s 
Case,  H ar t,  and Hum ph rey an d Se na tor Math ias , to  bin d any  of  the 
mem bers  on th at p ar ticu la r issue.

Se na tor Muskie . T he  resolu tion does no t in fa ct  propose any neg o­
ti at in g po sition,  and  I th in k it  is conceivable th at  th e 33 S enato rs who 
hav e cosponsored might  dif fer  wi th each othe r as to  wh at the  in iti al  
ne go tia tin g positi on sho uld  be, and  th at  many of  them may , indeed , 
su pp or t some lim ited form  of onsit e inspect ion .

Bu t, in any  case, we do not hav e to pu t th at que stio n at  th is po in t 
no r answ er it in  the resolu tion .

Se na tor Kennedy . It  seems th at t he pre sen t ne go tia tin g positi on re­
quires seven ons ite insp ect ions. Obviously , there has been a 10-year 
cha nge in tech nological  an d othe r considerat ion s since th at  time . We  
are  u rg ing at  th is  t ime  a new pro posit ion , a new pro posal  to achieve a 
CT B,  and  t his  is rea lly  th e jus tifi cat ion  inc orpo rat ed  in the  resolution .

Se na tor M uskie . As a m at te r of fac t, 1 th ink Mr. Fo ste r o ught to  be 
com mentin g on the  sta tem ent of  h is, and the one Mr.  Ki ss ing er made 
in Moscow last May to which I  ref erred.  I t  was, an d I rep ea t it,  th at  
we have been in pr inciple pr ep ar ed  to do thi s. The obstacle has  been  
the  d eba te about inspec tion , an d we are  w ill ing to restu dy  t he  issue.

Now, th at  sta tem ent suggest s gr ea te r flexib ility on th is  po int  th an  
the  single  state me nt T h ave  qu ote d fro m Mr. Fo st er ’s te stimo ny, a nd  i f 
he subscribes  to the  Ki ss ing er  s tat em ent, then  it seems to me he could  
subscribe to Senate Re solution 67.

Se na tor  Case?
policy Decision not being made

Se na tor  Case. I th in k you have  cove red the mat ter very well. It  is 
well to br ing out th at  wh at  we are  do ing  here is not ma kin g a pol icy  
decis ion, bu t th at  we are ur gi ng  that,  the  mat te r be de lib erated ; th at  
we move from our presen t posit ion , which is sta tic , to an acti ve pos i­
tion o f seeking a solution on t he  basis of  a chan ge in the  genera l knowl­
edge  in  th is  a rea , an d also of  p oli tical develop men ts.

Se na tor Muskie . Th an k you very much, Se na tor Kennedy , fo r 
excellent t est imony a nd  do cumenta tion.

Se na tor  K ennedy. Than k you.
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Senator Muskie. Our next witness this morning is Mr. Phi lip J. 
Farley, Acting Director of  the U.S. Arms Control 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.
T believe. Mr. Chairman, that you have my prepared statement. As 

you requested in your lette r invi ting me to appear . T would propose to 
go somewhat more briefly through the line of thought in  tha t statement 
rather than reading  i t in its  ent irety, if tha t is agreeable to you.

Senator Muskie. I t would be fine.
It is agreeable to us to handle it in any way tha t is useful.
Mr. Farley. Thank you.

STATEM ENT OE PH IL IP  J. FARL EY , ACTING DIRECTOR , U.S. ARMS
CONTROL AND DISARM AMENT  AGENCY; ACCOMPANIED BY
DR. JACK F. EVERNDEN, CH IEF SEISMOLOGIST, ARMS CONTROL
AND DISARMAMENT AGENCY

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

recommendation for mutual moratorium

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 interna tional  agree­
ment. Therefore , the adminis tration does not believe tha t such a 
moratorium would be a prudent step to take at th is time.

Acting Assistant Secretary of State Wrig ht, Mr. Chairman, has 
addressed a lette r yesterday to Senator Fulb righ t in his capacity  as 
chairman of the Senate Foreign Relations Committee, setting for th 
this view a t somewhat more length , and we’d like to request tha t this 
be included in the record.

Senator  Muskie. W ithout objection, it will lie included. [See p. 2.]

ADEQ UATELY VER IFIED CO MP RE HE NSIVE  TEST BAN  FAVORED

Mr. F arley. 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 m atte r to which the rest of my remarks are addressed.

I want to state  again formally that this administration, like it s three 
predecessors, favors the conclusion of a comprehensive test ban, ade­
quately verified. The reasons for this are, T think, not a m atte r with 
which there is dispute, as T noted in listening to Senator  Kennedy’s 
presentation and to your opening remarks, Mr. Chairman. I  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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bv which we respond to a widespread feeling in  the  world community, 
and finally, the contribu tion it would make to allaying the concerns 
about possible adverse effects of underground nuclear tests on the  
environment.

Now, we certainly do not contest t ha t improvement in our nuclear 
weaponry could be hindered by a comprehensive test ban, and th at  this 
in tu rn might hamper our efforts to cope with futu re threa ts.

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

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

Abiding by the obligations under the tre aty  is, of course, the crucial 
element, and adequate verification to  give us assurance of compliance 
bv others is th us crucial to the acceptabili ty of a comprehensive test 
ban from the security point of view.

1 might say as a mat ter of some interest tha t 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 TT.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 tha t others 
abide by the same restrictions.

PROBLEM OF PEAC EF UL  NUCLE AR EXPLOS ION

Another problem which has been identified before, Mr. Chairman, 
is the problem of  peaceful nuclear explosion [PNE ]. 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 satisfac tory 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 agains t t ransfe r of 
the technology?

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

Senator  Case. Thank you, Mr. Chairman.

NECESSITY OF BROAD ACC EPTANC E AND EFFECTIVE NESS OF TREATY

Mr. F arley. So I, and of course, the adminis tration , note frequently 
that the advantages of a comprehensive test ban will be obtained only 
if the trea ty achieves broad acceptance and is effective in stopping 
nuclear tests. If some parties  to the t rea ty could conduct a significant 
amount of nuclear testing  without the knowledge of the other partie s 
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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EF FO RTS  TO  IM PR OV E V E R IF IC A T IO N  C A P A B IL IT IE S

As  a result, the United States has alw ays  insisted on adequate ve ri­
fication for  a comprehensive test ba n; th at is, verifica tion which would 
provide the United States with an acceptable level of confidence in 
our abi lity  to ide nti fy signif icant violations should they occur. We 
have devoted a great deal of effort to imp roving  verification capabil i­
ties. I thin k it is fa ir to say that  the advances such as were refer red 
to by Senator  Kennedy , are overwh elm ingl y the result of  efforts that  
have been put fort h by the United States.

Last summer we presented to the conference of the Comm ittee on 
Disarmament in Geneva, a summary of  the progress tha t has been 
achieved in seismic verificat ion and the problems that sti ll remain to 
be solved.

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

Senator M us ki e. Without objection that wil l be done.
Mr. F arley . And work is being done on an updated presentation w

for  another  conference on seismic verif ication which is scheduled to be 
held d uring the forth coming summer session o f C CD .

I then proceed,  Mr. Chairma n, in my statement to discuss in some 
detai l the problems to which we are cu rrently directin g pr ior ity  atten­
tion, and the progress which is being made. I 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. Rem aining problems are being act ively pursued, and we feel 
that  rational design of networks for  dea ling  with  par ticula r problems 
will soon be possible.

N E C E S S IT Y  OF SO ME O N SIT E  IN SP E C TIO N S

How ever, I must emphasize  that we have not found it feasible  to 
define the threshold of capab ility under a comprehensive test ban 
required by the United States consistent with its national security.
An y seismic network  will have its inherent limitations.  Wh ile seismic 
cap abi lity  has improved, so has understan ding of the mi litary  poten­
tial of nuclear tests of lower yields. As  a result of this factor  and the 
limit ation s of our seismic and other  national means o f verif ication, it 
remains our position that onsite inspect ions 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 supp le­
ment our national needs.

SO VIE T A N D  OTH ERS IN S IS T E N C E  T H A T  N A T IO N A L  M E A N S  AR E S U F F IC IE N T

The Sov iets  and some other countries, however, have continued to 
insist that national means are sufficient for  C T B  verification , and this 
continues to be a matter of  dispute in internat ional disarmament quar­
ters. We are continuin g to participate act ively in the internatio nal 
discussions at the CCD  in Geneva and the United Natio ns in New 
Yo rk  on various approaches to a comprehensive test ban.



This has been a subject of key interest to many countries, and we 
have considered their  views very carefully while at the ame time sha r­
ing the results of our research here. As a result, we expect to present 
our latest findings to the CCI) seismic experts meeting this summer 
as we did  last summer in our working paper on progress and problems 
in seismic verification.

CONCLUSION

In conclusion, 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 technical research and at the negotiat ing 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. Fa rley ’s prepared  statement follows:]
Sta tem ent  of P h il ip  J . F ar le y, A ct in g  D ire ctor  of  t h e  U.S. A rm s Con tr ol  

an d D is a r m a m e n t  Age nc y

Mr. Cha irm an , I am  pl ea se d to  be he re  to da y to pr es en t test im on y re la ti ve 
to co ns id er at io n by th e co mm itt ee  of  Sen at e Res olut ion <57, which  wo uld  ex pr es s 
th e sens e of  th e Sen at e th a t th e U ni ted S ta te s sh ou ld  prop os e an  im m ed ia te  
su sp en sion  of  un der gro und nu cl ea r te st in g  to re m ai n in effect so lon g as  th e 
So viet Un ion abst a in s fro m un der gr oun d te st in g,  an d sh ou ld  se t fo rt h  pr om pt ly  
a new  pr op os al  fo r a per m an en t tr ea ty  to ban al l nu cl ea r te st s.

W ith re gar d  to  th e fi rs t re co m m en da tio n of Sen at e Res ol ut io n 67— a m utu al  
m or at or iu m —such  a m ora to ri um  wo uld  ne ce ss ar ily lac k ma ny  of  th e sa fe guar ds 
of  a fo rm al  in te rn ati onal ag re em en t. The re fo re , th e  ad m in is tr a ti on  does no t 
be lieve  th a t it  wo uld  he a pru den t st ep  to ta ke  a t th is  tim e. R a th er we be lieve  
ou r ef fo rts  wo uld be be tt e r dir ec te d to w ar d th e ac hi ev em en t of  a co mpr eh en sive  
te st  ba nd  tr eaty , ad eq uat el y  verif ied , as  ur ge d in th e  second  op er at iv e cl au se  of  
Se na te  Res ol ut io n 67. As  a re su lt , my re m ark s wi ll be ad dr es se d to  th e advan­
ta ge s of, an d t he ob st ac le s to, su ch  a  t re a ty .

Thi s ad m in is tr a ti on , like  it s th re e pr ed ec es so rs , fa vo rs  th e co nc lusio n of  a 
co mpr eh en sive  te st  ba n,  ad eq uat el y ve rif ied.  In  hi s in it ia l me ssag e to  th e Co n­
fe renc e of  th e Eig li te en -N at io n Com m itt ee  on D is ar m am en t,  now  kn ow n as  th e 
Co nferen ce  of  the Com m itt ee  on D is ar m am ent  (C C D ),  in  Ge neva on March  IS, 
1969, th e P re si den t sa id , "T he U ni ted S ta te s su pport s th e co nc lusio n of  a 
co mpr eh en sive  te st  ba n ad eq uat el y ve rif ied." A m ba ss ad or  M ar tin  of  th e  U ni ted 
Sta te s,  in hi s op en ing addre ss  to  th e CCD on F ebru ary  20 of th is  y ea r,  rea ffi rm ed  
U.S , su pp or t fo r an  ad eq uat el y ve rif ied  co mpr eh en sive  te st  ban .

The  ad van ta ges  of  a co mpr eh en sive  te s t ba n ad eq uat el y ve rif ied wo uld  be 
as  fo ll ow s:

F ir st , it  wo uld co ntr ib ute  to  ef fo rts to pr ev en t th e sp re ad  of  nucl ea r 
we ap on s to  ad d it io nal co un tr ie s.  It  wo uld do so in tw o way s— by cre at in g  
an  even mor e sign if ic an t p ra cti cal ob st ac le  th an  th e Lim ite d T es t Ba n 
T re at y to  th e  in de pe nd en t de ve lopm en t of  nucl ea r wea po ns  by p a rt ie s  wh ich  
ha ve  no t ye t ac quir ed  th e m ; an d by  re in fo rc in g th e N on pro li fe ra tion 
T re a ty ;

Sec ond , it  wou ld  contr ib ute  to  ou r ef fo rt s to  lim it  th e U ni ted Sta te s- Sov ie t 
nu cl ea r arm s co nq ie tit ion.  It  wo uld do so by im pe di ng  fu rt h e r im pr ov em en ts  
by eit her side  of th e  nucle ar co mpo ne nt s of  of fens ive an d de fens ive nucl ea r 
weapo ns , sin ce  te st in g is  im port an t bo th  in de ve loping  su ch  im pr ov em en ts  
an d in ev al uating  th eir  eff ec ts.

Thi rd , it  wou ld  be re sp on sive  to  a w id es pr ea d des ir e in  th e w or ld  com ­
m un ity fo r a n en d to  n ucl ea r we apon  te s ti n g ; and

Four th , a co mpr eh en sive  te st  ba n wou ld  he lp  a ll ay  co nc er ns  ab ou t po s­
sible ad ve rs e ef fects  of  und er gr ou nd  nucl ea r te st s on  th e en vi ro nm en t.



It  ca nn ot  be co nt es te d th a t im pr ov em en t in  our nu cl ea r wea po nr y wo uld be 
hi nd er ed  by a co mpr eh en sive  te st  ba n, an d th is  in tu rn  might  ham per  o ur  ef fo rts  
to co nten d w ith fu tu re  th re ats . Of co ur se  th is  co nst ra in t wo uld ap ply to  al l p a r­
ti es  to  su ch  an  ag re em en t an d su ch  m ut ual  const ra in t wo uld be, inde ed , an  ob­
je ct iv e of  t he ag re em en t.

It  ha s al so  been po in ted ou t th a t th er e m ig ht  be dif ficulty in  m ai nta in in g c onfi­
dence in th e co nt in ui ng  re li ab il ity of  a ll  exis ti ng  w ar hea ds w ithout te st in g. In  
som e ca se s to  d a te  de fe ct s ha ve  d evelo pe d in a part ic u la r type  o f w ar he ad . Und er  
a CT B,  an y su ch  de fe ct s wo uld  ha ve  to be remed ied by mea ns  no t invo lv ing 
nu cl ea r te st in g,  includ ing th e su bst it u ti on  of a pr ev io us ly  te st ed  w ar hea d. I t 
wo uld  appea r th a t,  giv en  suf fici ent  fund ing,  an y los s in re li ab il ity  could  of te n be 
av oide d or  d ela ye d.

Th us , th e m il it ary  im pa ct  of  a co mpr eh en sive  te st  ba n on our nucl ea r po st ur e 
wo uld  be ac ce pt ab le , sin ce  th e o th er part ie s wo uld be si m ilar ly  af fecte d,  if  they  
ab ided  by th e ir  ob lig at io ns  un de r th e tr eaty . Ade qu ate ve rif icat ion to  give  us 
as su ra nce  of co mpl ian ce  by oth er s is th us cr uci al  to th e ac ce pt ab ili ty  of  a CTB 
from  th e se cu ri ty  po in t of view . 1 s ha ll  addre ss  th e issu e of w ha t is re quir ed  fo r 
ad eq ua te  ve ri fic at ion a li tt le  la te r.

The  qu es tion  w het her  th er e are  m il it ar y  co ns id er at io ns  th a t ar e  pr ev en ting  
th e  U ni ted S ta te s fro m ac ce pt ing a ba n on und er gr ou nd  n ucl ea r wea po n te st s was  
ra is ed  in th e CCD  in 1972. Th e U.S. R ep re se nt at iv e repl ied th a t th e answ er  is 
no : T he  U ni ted S ta te s is pre par ed  to giv e up t he  a dvan ta ges  der iv ed  fr om  nu clea r 
we apon  te st in g,  of  course , on ly if we ca n be as su re d th a t oth er s are  ab id in g by 
th e same re st ri ct io ns.

One  ad dit io nal  pro ble m w ith  re sp ec t to  a co mpr eh en sive  te st  ban th a t shou ld 
be men tio ne d is  pe ac ef ul  nuc le ar  ex plos ions , be ca us e of  th e pos si bi li ty  of con­
du ct in g wea po ns  deve lopm en t in co nj un ct io n w ith a pe ac eful  nucl ea r ex plo sio n 
pr og ra m. It  wo uld  be dif ficult  to  de te ct  su ch  de ve lopm en t even  w ith ons ite in ­
spec tio n by in te rn at io nal  ob se rv ers. The  So viet s ha ve  an  ac tive  pr og ra m  in  th is  
field  an d cert a in  no nn uc lear  c ount ri es  ha ve  e xp re ss ed  in te re st  in pe ac ef ul  nu cl ea r 
ex plos ives . Be fore  a CTB wo uld  be po ss ibl e, som e re so lu tio n of  th is  prob lem 
m us t be mad e. If  ne go tiat in g a sa ti sf ac to ry  mec ha nism  prov ed  dif ficult , one  
possi ble  ap pr oa ch  mi ght be to  ag re e to  su sp en d them  unt il  a sy stem  of  ad eq ua te  
sa fe guard s could  be develo pe d an d ne go tia ted.

In  pr ev io us  ap pe ar an ce s be fo re  th is  co mmittee , I no ted  th a t tli e ad van ta ges  
of  a co mpr eh en sive  te st  ba n wo uld be ob ta in ed  on ly if  th e tr e a ty  ac hi ev ed  broa d 
ac ce pt an ce  an d was  eff ec tiv e in stop pi ng  nu cl ea r te st s.  If  som e part ie s to th e 
tr ea ty  co uld co nd uc t a sign ifi ca nt  am ou nt  of nu cl ea r te st in g  w ith out the 
kn ow led ge  of  th e ot he r part ie s to th e tr eaty , one or  more of  th e  ad va nta ges  
I ha ve  li st ed  earl ie r co aid be nu lli fie d an d tli e tr ea ty  wo uld  oper at e to  the d is ­
ad vanta ge of  th os e st il l ab id in g by it. As a  re su lt,  th e U ni te d S ta te s ha s a l­
way s in si st ed  on ad eq uat e ve rif icat ion fo r a co mpr eh en sive  te s t ba n, th a t is 
ve rif icat ion wh ich  wo uld  prov ide th e Un ite d S ta te s w ith  an  ac ce pt ab le  level 
of confi dence in ou r ab il ity  to id en ti fy  sign ifi ca nt  vi ol at io ns , shou ld  they  occur.

The  Uni ted S ta te s has  co nt in ue d wor king  vigo rous ly  on co ntr ib uting  to the 
so lu tion  of  th e ve rif icat ion prob lem. Som e $300 mi llion  ha s been co mmitted  
to  re se ar ch  an d de ve lopm en t on de te ct io n an d iden tif icat io n of un de rg ro un d nu ­
cl ea r te st s sin ce  th e ea rly  1900's, p ri m ar ily  in th e are a  of sei sm olo gy . Las t su m ­
m er  th e  U.S.  pr es en ted to  th e co nfer en ce  of tin* Co mmitt ee  on D isar m am en t in 
Gen ev a a su m mary of  th e pr og re ss  th a t ha s been ac hiev ed  in se ismic  ve rif icati on  
an d th e  prob lems th a t st il l re m ai n to  be solved . Mr. Cha irm an , I requ es t per ­
mission  to  in se rt  th a t re po rt  an d th e ta bl in g speech  by th e U.S. R ep re se nt at iv e 
in to  th e reco rd  a t th e conc lusio n of  my st at em en t.  W ork is now in pr og re ss  on 
an  upda te d pr es en ta tion  fo r a co nfer en ce  of  ex per ts  in se ismic  ve rif icati on , 
wh ich  is ex pe cted  to  be  he ld duri ng  th e  fo rthc om in g su m m er  ses sio n of  th e 
CCD. Dr . Ja ck  Ev er nd en , a sp ec ia li st  in th e se ism ic ve ri fic aton  ar ea  who has  
been wor ki ng  ac tiv ely on th is  prob lem in close co llab or at io n w ith  ARI’A as  a 
mem be r of  th e ACDA st af f fo r ab ou t 2 ye ar s,  is  w ith  me  to da y,  as  you  re ­
qu es te d.  He is pre par ed  to an sw er  specif ic te ch ni ca l qu es tion s in his are a of  
ex pe rt is e.  It  mig ht  be us ef ul , ho wev er , Mr. Cha irm an , if  I were to give a bri ef  
ov ervi ew  of  th e si tu ati on  as  it  appea rs  a t th e mo me nt.

In  re sp on se  to  a qu es tion  su bm it te d by Sen at or Case in conn ec tio n w ith  th e 
heari ng  on th e ACD A au th ori zati on  la st  sp rin g,  A m ba ss ad or  G er ar d Sm ith , 
fo rm er  ACDA Dire ct or , st a te d  th a t var io us  chara cte ri st ic s of  sei sm ic sign al s 
a re  ad eq ua te , in pr in cipl e,  to se rv e as  th e ba si s fo r d is cr im in at in g  ea rthquak es
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an d ex plos ions  down  to m ag nit ude 4.0 on th e R ic h te r sca le.  As wo rk has  pro ­
gr es se d,  ad d it io nal su pport  has  been ob ta in ed  fo r th is  i»osition . I t is  my  under ­
st an din g th a t th eo re ti ca l co nsi de ra tion s su gg es t th es e chara c te ri st ic s appear to 
ho ld  fo r d is cr im in at io n a t sm al le r m ag ni tu de s,  al th ou gh it  is dif ficult  to  ac qu ire 
su ffi cie nt  o bs erve d d a ta  to pr ov e th is  e mpi rica lly .

Kno wi ng  how to  ac co mpl ish  id en ti fi ca tion  in  princ ip le  is  qu ite di ff er en t, ho w­
ev er,  from  do ing it  in pr ac tice . Com pl icat ions  ari se  in  ac hi ev in g an  ope ra tional  
ca pa bi li ty  to ap ply d is cr im in at io n  cri te ri a  to  al l ev en ts  of  in te re st . T his  diff i­
cu lty ari se s from  th re e ba sic prob lem s.

F ir st , es ta bl is hin g dep th s of  focu s of  sm al l eart hquakes or  ex plos ions—th a t is, 
th os e ob se rved  a t co m pa ra tive ly  few st at io ns— is ve ry  dif fic ul t w ith out th e avail ­
abil it y  of d a ta  from  st a ti ons w ithin  a  th ous an d kilom et er s or  so of  se ismic  eve nts. 
I f  suf fic ien tly  accura te  dep th s ca nnot be es ta bl is he d,  pro per  ap pl ic at io n of  a c ri ­
te ri on  such  as  th e ra ti o  of  s u rf ace wav e to bod y wav e mag ni tu de s,  we ll kn ow n as  
th e  Ms :»ib cr it er io n, may  be im po ssi ble. W itho ut  good de pth  es tim at es , it  is  diffi ­
cult. to  id en ti fy  th e so-call ed  "a no m al ou s ev en ts ,” whic h a re  s eism ic  e ve nt s ha vi ng  
su rf ace wave m ag ni tu de s so low th a t,  if  su ch  ev en ts  a re  co ns idered  to be ve ry  
sh al low, th en  th e n a tu re  of  th e ev en ts  ca nn ot  be di sc rim in at ed  by th e M»:«ib 
cr it er io n.

Sec ond , a nu m be r of  ev en ts  in  th e U.S .S.R. of  sign if ic an t m ag ni tu de  a re  un­
id en tif iabl e by te le se ismic  net w ork s be ca us e of  in ab il ity  to  se para te  th e ir  su rf ac e 
wav es  fro m thos e of  la rg er eart hquakes oc cu rr in g in th e U.S .S.R. or  els ew he re . 
Thi s cr ea te s a se t of  un id en ti fi ab le  ev en ts  in which  an  ex plos ion ca nn ot  be dis ­
ting ui sh ed . Mo re ca pa bl e se ismic  net w or ks  th an  we  now  po ssess are  re quir ed  to 
lim it  th is  set  of " m ix ed ” e ve nt s to a sm al l nu mbe r.

T hi rd , th e  ne tw or k re quir em en ts  and co m pl ex it ie s inv olved in  eff ec tiv ely  com­
bat in g  de libe ra te  ef fo rt s a t ev as io n of  a co mpr eh en sive  te s t ba n ne ed  to be 
co ns idered .

A na lyse s co nd uc ted by AC DA  an d A R l’A are  di re ct ed  a t as se ss in g th e q u an ti ­
ta ti v e  para m ete rs  co nt ro ll in g an d de sc ribi ng  th es e prob lems an d th e ir  so lu tion s,  
an d pr og re ss  is be ing mad e in  al l th re e of  th es e ar ea s.  As in di ca te d in  th e U.S . 
CCD  pa pe r o f la st  Aug us t, cert a in  d a ta  wi ll only be av ai la ble  if  re co rd s a re  ob­
ta in ed  a t sh ort  di st an ce s from  se ism ic  source s. As anal ysi s has  pr og re ssed , th e 
ro le of  clo se- in se ismic  obse rv at ori es  fo r in cr ea si ng  de tect io n an d iden tif icat io n 
ca pab il it ie s ha s bec ome cl ea re r,  po in ting  to  th e  po ss ible u ti li ty  of  un m an ne d 
se ism ic  ob se rv at or ie s or  "b la ck  bo xe s.” I re fe rr ed  to  th is  as pe ct  in my earl ie r 
test im on y an d cu rr en t re se ar ch  is a tt em pti ng  to  quan ti fy  th e ab ov e prob lems in 
such  a wa y th a t va lid  est im at es  of  USD  ne tw or k chara c te ri st ic s ca n be ge ne ra te d.  
At th e same tim e, A R l’A an d ACDA ef fo rts dir ec te d to w ar d th e de ve lopm en t of 
"b la ck  bo xe s” are  un de rw ay  so  th a t hi gh ly  re liab le  in st ru m ents  ca n be bu il t 
us in g th e la te st  av ai la ble  tech no logy . As I no ted  ear li er , it is th e U.S. po si tio n 
th a t a CT B de pe nd s upon  an  ad equate  ve ri fic at ion ca pab il ity an d we ar e  w ork ­
ing  co nt in uo us ly  to le ar n th e de ta il s of how th a t ca pa bi li ty  ma y be ac hiev ed . In  
addit io n  to  the ef fo rt I ha ve  de sc ribe d,  wh ich  is p ri m ar il y  ori en te d to w ar d an a ly ­
sis o f  va riou s co nc ep ts,  im pr ov ed  se ism ic  in st ru m enta ti on  an d data  tr an sm is si on 
sy st em s a re  to  be mad e ojier at io na l in  th e near fu tu re  to ai d  in  obta in in g data  
to  a ddre ss  th e re m ai ni ng  p roblem s.

The  re su lt  o f al l of th is  is th a t de fin ite  pr og re ss  is  be ing mad e, re m ai ni ng  pro b­
lem s a re  be ing  ac tive ly  pu rs ue d,  an d we feel ra ti onal de sign  of ne tw or ks  fo r 
de al in g w ith  part ic u la r prob lems will  soo n be poss ibl e. How ev er , 1 m us t em pha­
siz e th a t we ha ve  no t foun d it  fe as ib le  to  de fin e th e th re sh old  of  ca pab il ity unde r 
a CT B re qu ir ed  by th e U ni ted S ta te s co ns is te nt  w ith it s national  se cu ri ty . Any 
se ism ic  ne tw or k wi ll ha ve  it s in here n t lim itat io ns . W hile se ismic  ca pab il ity  
has  im prov ed , so ha s under st andin g  of  the m il it ary  pote nt ia l of  nu cl ea r te st s 
of  lo wer  y iel ds .

As a re su lt  of  th is  fa c to r an d th e li m it a ti ons of our se ismic  an d oth er  nat io nal  
mea ns  of  ve rif icat ion,  it  re m ai ns  our  po si tio n th a t ons ite in sp ec tio ns  ca n he lp  in 
det err in g  po ss ible vi ol at io ns  of a co mpr eh en sive  te s t ba n an d we co nt in ue  to  ho ld 
to th e po si tion  th a t some  on si te  in sp ec tio n is  ne ce ss ar y to su pp le m en t ou r n a ­
tion al  means . Th e So viets, an d some o th er co un tr ie s,  ho we ve r, ha ve  co nt in ue d 
to  in si st  th a t national  m ea ns  a re  su ffi cie nt  fo r CT B ve rif icat ion,  an d th is  co n­
tinues  to  be a m att er of  dis put e in in te rn ati onal d is ar m am en t fo ru ms.

T he  U ni ted S ta te s is co nt in uin g to  part ic ip a te  ac tive ly  in in te rn ati onal d is ­
cu ss ions  a t th e  C< ’I) in Gen ev a and  th e U ni te d N at io ns  in  Ne w Yo rk on va riou s 
ap pr oa ch es  to  th e ac hi ev em en t of  a co mpr eh en sive  te s t ba n. T his  has  been a sub -



jc c t of  keen  in te re st  to  man y co un tr ie s,  an d we  ha ve  co ns idered  th e ir  vi ew s ve ry  ca re fu lly,  w hi le  a t th e same tim e sh ar in g th e  re su lt s of  our re se ar ch  w ith  them . Ag ain , we ex pe ct  to pr es en t ou r la te st  fin ding s to th e ( ’CI) se ismic  expert s’ m ee t­ing  in Ge nev a th is  summer , as  we di d la st  su mmer , in our wor ki ng  p aper  on pr og ­re ss  a nd  p robl em s in sei sm ic ve rif icat ion.
In  co nc lusio n,  Mr. Cha irm an , th e  Uni ted S ta te s re m ai ns  co m m itt ed  to  th e goal of an  ad eq ua te ly  ve rif ied  co mpr eh en sive  te s t ba n an d we  are  ac tive ly  pu rs uin g so lu tio ns  to th e prob lems of  ve rif icati on , bo th  th ro ug h our te ch ni ca l re se ar ch  an d a t th e neg ot ia ting ta bl e a t th e CCI).

Sta tem ent  by A mbassador Mart in T abl ing  U.S. Work ing  P aper on Sei sm ic  
Verific ation  at CCD , Augu st 24, 1972

B ul ga ri an  de lega tio n hopes th a t a ll  co untr ie s of  th e wor ld  w ill  send  po si tiv e an d co mpr eh en sive  re pl ie s to  th e Sec re ta ry  G en eral  of th e Uni ted N at io ns  in ac ­co rd an ce  w ith  th e r eq ui re m en ts  o f Res ol ut io n 2833 (X X V I) , an d th a t p re para to ry  work fo r a WI)C  w ill  s ta r t ve ry  soon.
Mr.  Martin  [U ni te d S ta te s of  A m er ic a] . I wo uld  fi rs t lik e to  ta ke gre at  pl ea su re  in jo in in g th e pr ev io us  sp ea ker s in we lco mi ng  Lo rd  C hal fo nt  to ou r me eti ng . He has co nt ri but ed  so mu ch  to  th e work of  th e co mm itt ee  in  th e pa st .Also  be fo re  be ginn ing my pre pa re d st at em en t,  I wo uld  lik e to  sa y th a t I have  list en ed  ve ry  at te n ti vely  to  th e  st a te m en t of  ou r co lle ag ue  fro m Ja pan . Mr. Nisi bo ri,  wh o spoke on th e  sa m e su bj ec t as  my  own toda y.  1 am  su re  th a t we will  wish  t o st ud y Mr. N is ib or i’s s ta te m en t w ith ve ry  gre at c are.
I wi ll now begin  my pre par ed  s ta te m en t.
D ur ing th is  su m mer  sess ion th ere  ha ve  been a nu m be r of  in te rv en tions  ad dr es se d to  th e su bj ec t of th e co mpr eh en sive  te s t ban (C TB ).  Many sp ea ke rs  ha ve  chara ct er iz ed  th is  issu e as  th e m os t im port an t one be fore  th is  Co nfe ren ce.Mr. Ig na tie ff , th e re pre se nta tive of  Can ad a,  em ph as ized  am on g o th er  po in ts  th e im po rt an ce  of  th e CTB as  a lim itat io n  on fu tu re  m il it ar y  de ve lopm en ts.  Mrs.  M yrda l, th e  r ep re se nt at iv e of  Sw eden, wh o w ith pa tie nc e an d per si st en t ef fo rt ha s st im ul at ed  ou r discus sion  of  th is  su bj ec t, onc e ag ain has  ra is ed  im port an t qu es ­tio ns  on se ve ra l as pe ct s of  a CTB. Sec re ta ry  Gen eral  W ald he im , in his open ing  ad dr es s,  em ph as ized  th a t th e  CTB wo uld play  a m aj or ro le  in fu rt heri ng  the ca us e of no np ro li fe ra tion , a view w ith  which  we fu lly  ag ree. A lth ou gh  we  c an no t ag re e w ith a ll  th e vie ws  th a t var io us sp ea ke rs  ha ve  ex pr es se d,  we do ag re e th a t a CT B is an  e xt re m el y im port an t mea su re .
O ur  po si tio n on th e CT B is well kn ow n. Nev er theles s, we  be lie ve  it  is tim ely onc e more to re st a te  it  an d th e ra ti onale  be hind  it. We we lco me  th e qu es tion s wh ich  ha ve  bee n ad dr es se d to  us  an d are  ha pp y to prov ide an sw er s to th e ex te nt  we  a re  able .
In  es se nc e th e U.S. Gov ernm en t su pport s th e ac hi ev em en t of a CT B tr ea ty  wh ich  is  ad eq ua te ly  verif ied . W hat  co ns ti tu te s ad eq uat e ve rif icat ion,  howe ver, ha s been an d co nt in ue s to be th e fu ndam en ta l po in t of di fferen ce  be tween us  an d man y ot he r de lega tio ns , in cl ud in g th e So vie t Un ion . I wi ll re tu rn  to th is  la te r.
I wo uld  fir st lik e to co ns id er  th e (p iesti on s ra is ed  by Mrs . Myrda l. She aske d,  in effect, if  th er e were nuc le ar te s t re qu ir em en ts  fo r new st ra te g ic  de te rr en t wea po ns  such  as  th e T ri den t su bm ar in e an d th e R -l  bomb er which  were pre ve nt ­ing th e  U ni ted S ta te s fro m ac ce pt in g a ban on und er gr ou nd  nu cl ea r we ap on s te st s a t th is  tim e. The  an sw er  to th is  qu es tio n is “No.” It  ha s been th e co ns is tent  policy of  the  U.S. Gov ernm en t to  s uppo rt  th e conc lus ion  of a CT B in an  ad eq ua te ly  ve rif iabl e ag reem en t.
Mr s. M yr da l’s qu es tio n br in gs  to  th e fo re fr on t one of th e  im port an t as pe ct s of nucl ea r we ap on  te st in g as  it re la te s to a co mpr eh en sive  te st  ba n. Due  of  t he  ba sic re as on s fo r te st in g is  to  mak e a to ta l weapon syste m as  ef fecti ve  as  possi ble  fo r ac hi ev in g it s m il it ar y  ob jec tiv es . Some  nu cl ea r we apon  te st s a re  th us di re ct ed  to w ar d th e de ve lopm en t of  a nucl ea r w ar he ad  wh ich , in  co mbi na tio n with  th e no nnu cl ea r chara cte ri st ic s of  a part ic u la r we apon  sy ste m, wi ll max im ize the m il it a ry  e ffec tiv en ess of  t he  e n ti re  sys tem .
The  Uni ted S ta te s is pre pa re d to  giv e up  th e advan ta ges  de rive d from nu cl ea r wea po n te st in g on ly if  we  ca n be  as su re d th a t o th er tr ea ty  part ners  are  ab id in g by th e  sa m e re st ri ct io ns.  If  on e part y  to  a CTB ac ce pt ed  th is  re st ri ct io n w hi le  ano th er par ty , by mea ns  o f cl an de st in e te st in g, co nt in ue d to  im prov e the m il it ary
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ef fect iven es s of  it s sy stem s,  th is  co uld in  tim e le ad  to  an  ad ver se  eff ect on 
st ra te g ic  st ab il it y . Ev en  if  al l p a rt ie s to a tr ea ty  ab id ed  fu lly by al l tr ea ty  pro ­
vis ions , a la ck  of  ad equate  ve ri fic at ion ca pabil it ie s co uld fo st er  uncert a in ti es 
ab ou t w he th er  o th er nucle ar po wers were actu a lly  co mplying  w ith  th e  tr ea ty  in  
al l re sp ec ts.  Su ch  uncert a in ti es could , unde r some  c ircu m stan ce s,  le ad  to  st ra te g ic  
an d i>o litical in st ab il it y  be ca us e of  th e ef fo rt s th a t one nat io n m ig ht  m ak e to  
he dg e ag ain st  un kn ow n bu t fe ar ed  d ev elop m en ts  els ew he re . One of  th e ob ject iv es  
of  arm s lim itat io ns,  I am  su re  we  wou ld al l ag re e,  is  in cr ea se d st ab il ity , no t 
ad dit io nal  in st ab il ity .

Th e th ought has bee n ex pr es se d man y tim es  th a t th e nucl ea r wea po n de ve lop­
men ts  th a t m ig ht  be at te m pte d  cl an des tinel y und er  a CT B ve rif ied  by national  
mea ns  wo uld  ha ve  on ly m in or te ch ni ca l an d m il it ary  sig nif ica nce. We m ust  ta ke 
ex ce pt ion to th is . N uc le ar  wea po n te st s a t re la ti vel y  low yi el ds  can be of  m il it ary  
sign ifi ca nc e fo r st ra te g ic  wea po n sy ste ms. In  ad dit io n th ey  ca n be sign if ic an t fo r 
ta cti cal nu cl ea r we ap on  sy stem s.  U nfo rt unat el y , th e  re st ri c ti ons of  m il it ar y  
se cu ri ty  ha m pe r a det ai le d di sc us sion  of  th is  im port an t co ns id er at io n.  How ev er , 
I wish  to  no te th e annual re por t of  th e U.S . Atom ic Ene rg y Co mm iss ion , which  

v st a te s th a t ov er  ha lf  of  th e  lis te d nuc le ar wea po n te st s carr ie d  ou t by th e  Uni ted
S ta te s are  in th e low -yi eld  ca te gory ; th a t is, w ith  ex plos ion yi el ds  of  les s th an  
20 kt . Tes ts  a t su ch  yi el ds  ca n th er ef ore  be sign if ic an t fo r th e  de ve lopm en t of 
st ra te g ic  a nd  ta c ti ca l nucl ea r wea po n system s.

At th is  po int it  is app ro p ri a te  to  tu rn  to th e  as pe ct  of  th is  su bj ec t which  ha s 
< do m in at ed  ou r di sc us sion  of a CTB —t he det ec tio n an d iden ti fica tion  of  se ism ic

ev en ts . Mr. Ig na tief f an d Mr s. M yr da l ha ve  b oth ex pr es se d an  in te re st  in a st a tu s  
re port  on th e use of  la rg e se ismic  a rr a y s  fo r th e det ec tio n an d id en ti fi ca tion  of 
se ismic  ev en ts.  Tod ay  I wou ld lik e to  in tr od uce  a w or ki ng  pap er  de al in g w ith  
cu rr en t pr og re ss  and pr ob lems in  se ismic  ve ri fic at ion.  Thi s pap er  re vi ew s the 
pr og re ss  mad e to w ar d a tt a in in g  t he  re se ar ch  ob ject iv es  ou tl in ed  i n th e U.S. w or k­
in g pa pe r of Ju ne  1971. In  to day 's  w or ki ng  paper  we  de sc ribe  th e cu rr en t st a tu s 
of th e us e of la rg e se ismic  a rr a y s  f or se ismic  id en ti fi ca tion , an d th e cu rr en t st a tu s  
of  re se ar ch  in o th er im port an t as pec ts  of  th e se ismic  ve ri fica tio n pro blem . Th e 
pap er  also  di sc us se s our  pla ns re gar din g fu tu re  re se ar ch  di re ct ed  to w ar d re so lv ­
ing som e of  th e im port an t pr ob le m s th a t st il l re m ain.  Let  me de sc ribe  in  la y ­
m an ’s la ng ua ge  th e pri nci pa l fe a tu re s of  th is  ra th e r te ch ni ca l pa pe r.

Se cti on  I revi ew s our  as se ss m en t of  th e det ec tio n cap ab il it ie s of th e  la rg e 
se ismic  a rr ay s an d th e s ta tu s  of  th e re se ar ch  in the Uni ted S ta te s re la te d to ve ry  
lon g-pe rio d se ismom eter s an d th e ir  ca pa bil it ie s.  In  th e past  year tw o sign if ic an t 
de ve lopm en ts  ha ve  oc cu rred . W ith re gar d to sh or t-pe riod  a rr ays,  th er e has  been 
at  LASA an  im port an t im pr ov em en t in  th e te ch ni qu es  f or  au to m at ic al ly  det ec tin g 
ev en ts , redu cing  th e th re sh old  fo r th e au to m at ic  de te ct io n of  e ve nt s alm os t to  th e 
lim it  fo r th is  arr ay . Sec ond, hig h-q ual ity  da ta  fro m th e  f ul l N’OR SA R a rr ay  ha ve  
prov id ed  a means  of  est im ati ng  th e u lt im at e th re sh old  fo r th e  de te ct io n of  P-  
wav es  by th a t a rr ay . Th e de ve lopm en t of  au to m ati c  de te ct io n metho ds  fo r 
N’OR SA R is now un de rw ay . W ith  resp ec t to th e long -per iod arr ays,  suf fic ien t 
da ta  ha ve  now  been  ob ta in ed  to est im ate  th e ir  det ec tio n th re sh old s in  cert a in  
are as .

For ex am ple,  pre li m in ary  an aly si s in dic at es  th a t LA SA  an d N’ORS AR  can 
de te ct  Ray le igh wav es  fro m K ur ile- K am ch tk a eart hquakes of  abo ut su rf ac e-  
wav e m ag ni tu de  3.1 an d 3.9, re sp ec tiv ely,  w her ea s ALI ’A ca n det ec t Ray le ig h 
wav es  on ev en ts  of  ab ou t su rf ac e- w av e m ag ni tu de  2.9 from  th is  ar ea . D uring 

• th e ne xt  ye ar , st ud ie s of  oth er  ea rthc pi ak e zones are  pl an ne d.  Per hap s more im ­
port an t.  hi gh -q ua li ty  da ta  fro m al l th es e a rr ay s  an d from  th e ve ry  long -per iod 
ex pe rim en t st at io ns ha ve  becom e av ai la ble  fo r doc um en ta tion  of  th e ca pa bil it ie s 
an d li m it at io ns of  id en ti fi ca tion  cri te ri a  a t low m ag ni tu de .

Seven  st a ti ons of  th e  ve ry  lon g-pe rio d ex pe rim en t ha ve  been  oper at in g duri ng  
k th e pas t yea r an d th re e o th er s a re  near in g  co mpleti on . Th e ve ry  lon g-pe rio d ex ­

pe rim en t ha s de m onst ra te d th a t higl i-g ain  in st ru m ents  ca n be in st al le d  in su ch  a 
m an ner  th a t th e ir  ca pab il it ie s a re  re st ri c te d  on ly by se ismic  noise . It  has  al so  
dem onst ra te d  th a t car ef ul in s ta ll a ti on  of  in st ru m ents  ca n sign ifi ca nt ly  les sen th e 
lev els of  such  noi se.  R es ult s fro m th e very lon g-pe rio d ex per im en t su gg es t th a t,  
ra th e r th an  us in g d a ta  a t pe riod s of  on ly 20 to 40 seconds, d a ta  fro m as  br oa d a 
ba nd  as  possible , ex te nd in g fro m ab out 10 to  50 sec onds , sh ou ld  be em plo yed. We 
ha ve  seen  th a t th e capab il it ie s a tt a in ed  a t th e pro to ty pe  ve ry  lo ng qier iod experi ­
men t st a ti on  are  a tt a in ab le  a t o th er si tes. Alth ou gh  we are  on ly  now a tt a in in g  
the te ch ni ca l ca pab il ity  of  an al yz in g th es e da ta  fu lly,  in it ia l an aly si s su pport s
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the concept of the general appl icability  to earthqu ake s of the crit erion based 
upon the rela tionship  between the magnitudes of surface and body waves. But 
we must a lways keep in mind the ex istence  of occasional anomalous events, which 
I will discuss next.

Section II  of the working paper reviews several  imp ortant remaining prob­
lems in seismic  verification. Fi rst  is the  problem of some anomalous earthquakes 
which, for reasons not clearly understood, generate seismic signals whose char­
acter is not distinguishable from explosions by the crite rion  based on the ratio  
of surface-to-body-wave magnitudes. Although these events occur occasionally at 
body-wave magnitudes  above 5.0, the ir number  increases sub stan tial ly at  lower 
magnitudes. Our working pape r presents  a compilat ion of info rma tion  on this  
phenomenon. We can conclude tha t, for  events  in the Tibe tan-Him alay an region, 
the crite rion  based on the rat io between surface-aml-body-wave magnitudes will 
not by itse lf positively identify explosions  smal ler tha n about body-wave mag­
nitude 5.0.

It should be noted tha t, althou gh the  compilation was done for seismic  events 
in one par ticula r region, such events have been noted on some occasions to occur 
in some o ther  regions as well. Cont inuing  research may perm it us to understa nd „
the causative mechanism of such events and place limits on where  they may 
occur in some other regions as well. Continuing research  may perm it us to 
underst and  the causative  mechanism of such events and place limi ts on where 
they may occur in the fu tu re ; we may also be able to derive  other cri ter ia for 
the proper classification of such events. *

A second important problem is th at  posed by the inte rfere nce of long-period 
signals from two or more discre te seismic  events. In some cases the interference 
of the  signals can be so severe that  any ext ract ion of useful information  of the 
late r-a rriv ing  signal is almost impossible. In thi s case it  would not be possible 
to employ a crite rion  based on surface  waves for identif ication. In other cases 
and with cer tain  techniques,  the problem becomes more manageable. It  is pos­
sible in such cases to separat e the interfe ring  surface waves of the two seismic 
signals, thus allowing use of a crit erion based on the rela tionship  between the 
magn itude  of surface and body waves. In the working paper a deta iled descr ip­
tion is given of the use of ar rays  and  of ana lytical  techniques of sepa rating 
mixed events. In the examples studied, the number of mixed events which could 
not be effectively separat ed was reduced to 6 percent of the  original number.
Possib le approaches which may enable  an even gre ate r improvement are  de­
scribed.

A thi rd problem is that  posed by technically possible evasion  techniques.  The 
work ing paper contains (1) a tab le summarizing the known techniques avail ­
able to clandestine  testing , (2) the estim ated  yield limits for such testing in 
the context of detection capabili ties of stations remote from the event, and 
(3) the cons trains on the test er. One of the principa l objectives of the U.S. 
resea rch program is to devise measures which can be incorporated into seismic 
verification schemes in order to detect  and thereby deter atte mpts at  imple­
ment ing techniques for cland estine testing.

Section II I discusses some of the  approaches  to resea rch suggested by the  
problems discussed in section II.  Of these approaches  I would like to single out 
ju st  one which merits pa rticu lar  attention. This  is a cooperative multina tional 
project which has recently been undertaken under the aegis of the Lincoln 
Labo ratory of the Massachusetts  Ins titute  of Technology. Par tici pat ing  groups 
are  in Canada, Sweden, Norway, the United Kingdom and the United States. •

This  study  will seek to achieve for a specified time inte rval a compilat ion of 
basic seismic data for nearly  all seismic events  in the Northern  Hemisphere of 
body-wave magni tude 4.0 and grea ter. The number of potential  events being 
considered is about 5,000.

For  the first time we will be in a position to accumulate  a single list of events <
which will form a common and  agreed data base for  compara tive studies . The 
study will seek to answer  a number of scientific and operational questions re­
late d to detection and disc riminatio n by using all available seismic data . With­
out such a comprehensive study it has not been possible to evaluate  or predict 
network performance.

The rest of this  section of the working pai>er discusses future  communications 
systems and da ta analysis, seismic  inst rum enta tion , study of improved seismic 
networks, and counterevas ion research.



O ur  se ismic  re se ar ch  ef fo rt has  not been re st ri c te d  to  te le se ismic  mea ns . 
R es ea rc h is  co nt in ui ng  on th e fe as ib il it y  an d th e pr ob lems of  de ve loping  ta m pe r-  
re si st an t,  ta m pe r- in dic at in g low-m aint en an ce , unat te nded  se ismic  obse rv at or ie s 
invo lv ing min im um  in tr us iv en es s.  O ur  st udy in cl ud es  an  anal ysi s of  th e vu l­
nera bil it ie s of  th es e obs er va to ri es  to  po ss ible ev as io n by th e ho st  co un try,  an d 
an  anal ysi s o f  th e ir  po ss ible ef fe ct iv en es s fo r im pr ov in g iden ti fica tion . On th e 
ba si s of  ou r re se ar ch  to  dat e we  be lie ve  th a t unat te nded  se ismic  obse rv at or ie s 
ca n be a us ef ul  ad dit io n  to  ve ri fica tio n ca pa bi lit ie s,  thou gh  th ey  a re  no t th e  
eq ui va le nt  o f o ns ite  ins pe ct ions .

I fe el  th is  wo uld  be an  app ro p ri a te  oppor tu ni ty  to  co mmen t on  one of  th e 
is su es  ra is ed  by th e re pre se n ta ti ve of  Can ad a,  Mr . Ig na tief f. He  re qu es te d 
fu rt h e r in fo rm at io n on th e use of  te ch ni qu es  ba se d on th e re la tionsh ip  be tw ee n 
th e  m ag ni tu de s of su rf ac e an d body  wav es  in o rd er to  dis ting uis h eart hquakes 
fro m ex plos ions . Su mm ar iz ing,  we ha ve  conc lude d from  our re se ar ch  th a t we  
under st and  how to id en ti fy  by te le se ism ic  te ch ni qu es  ab out 90 pe rc en t of  e a r th ­
qu ak es  do wn  to thos e hav in g a bo dy -w av e m ag ni tu de of 4.5;  we  al so  recogn ize  
th a t th ere  are  ev en ts  which  ca nno t be iden tif ied w ith cu rr en t di sc rim in an ts . In  
pr in cipl e— an d th is  is mo st im port an t— se ism ic  d is cr im in at io n  by th e su rf ac e-  
bo dy -w ave m ag ni tu de  cri te ri on  of ab out  90 per ce nt of  eart hquakes do wn  to 
body-wave m ag ni tu de  4.0 appea rs  feas ib le . Ho we ver, more work st il l ne ed s to  be 
do ne  to  de te rm in e pr ec isely w hat se ismic  ca pab il it ie s w ill  be ac hiev ab le .

I wo uld  lik e now  to  tu rn  to  ano th er of  Mr s. M yrd al ’s qu es tio ns . Sh e as ke d 
fo r te ch ni ca l det ai ls  of, an d th e obse rv at io na l ba si s fo r, th e co ng re ss iona l te s ti ­
mo ny giv en  la s t su m mer  by I) r. C ar l W al sk e of  th e U.S . D ep ar tm en t of  De fen se . 
In  th a t te st im on y he  sa id  th a t in  th e So vie t Union  th er e wo uld an nual ly  be 
ab ou t th re e  un iden tif ied se ism ic ev en ts  ab ove bo dy -w ave m ag ni tu de  4.5, an d 
ab ou t 25 un iden tif ied ev en ts  ab ov e bo dy -w av e m ag ni tu de 4.0. The  es tim at ed  25 
un id en ti fied  ev en ts  co nst it u te  abou t 10 pe rc en t of  th e an nual  nu m be r of  se ism ic 
ev en ts  in  th e So vie t Un ion a t bo dy wav e m ag ni tu de  4.0 an d ab ove as  de te rm in ed  
by t el es ei sm ic  m eans . The se  w ill  c on si st  p ri m ari ly  o f mixed  e ve nt s an d a no m al ou s 
ev en ts  su ch  as  a re  di sc us se d in  ou r w or ki ng  pa pe r. The  pa pe r su gg es ts  th a t un­
id en ti fiab le  mixed  ev en ts  alon e ac co un t fo r ab ou t G pe rc en t of  to ta l de tect ed  
ev en ts.  How ev er , th is  fig ure is  ba se d on a lim ite d se t of ev en ts.  I t may  we ll be 
th a t the pe rc en ta ge  of  mixed  ev en ts  wi ll in cr ea se  whe n al l ev en ts  of body -w ave 
m ag ni tu de  4.0 or g re a te r ar e  in ves tiga te d. Th e G pe rc en t fig ure al so  do es  no t 
incl ud e an om al ou s ev en ts  in th e So viet  Un ion  or  o th er fa ct ors  su ch  as  in s tr u ­
m en t m al fu nc tion . T he re fo re  th e 10 pe rc en t es tim at e fo r te le se ismic  id en ti fica ­
tion  c ri te ri a  is  a fa ir  as se ss m en t of  th e  pro blem . Sin ce  it  h as bee n es tim at ed  th a t 
ab ou t 250 ev en ts  oc cu r ea ch  yea r in th e  So vie t Un ion  a t m ag ni tu de s of 4.0 an d 
above, th is  le ad s to  th e es tim at e of  25 un iden tif ied ev en ts  in th is  m ag ni tu de  
ra ng e ci te d by Dr. W als ke . Th e im po rt an ce  of  th es e nu m be rs  is, of  co urse , th a t 
th ey  re pre se nt a no t in sign if ic an t se t of  se ism ic  ev en ts  which  ca nn ot  be un­
eq uivo ca lly  es ta bl ishe d as  eart hquakes an d th us  pot en tial ly  could  be under ­
gr ou nd  ex plos ions . Thi s se t of un id en tif ied ev en ts  fo rm s a na tu ra l ba ck gr ou nd  
of  am bi gu ou s e ve nt s which  cou ld give  c au se  fo r concern .

Mrs. M.vrdal  ha s aske d us  to de fin e w hat  we  mea n by adeq uat e ve rif icat ion.  
We do no t be lie ve  th at,  as  ha s been as su med  in some  th eo re ti ca l st ud ie s,  th is  
qu es tio n ca n be ad dr es se d in sim ple nu m er ic al  te rm s.  We co ns id er  ad eq uat e 
ve ri fic at ion as  th a t which  wo uld  re du ce  to  an  ac ce pt ab le  lev el th e ri sk  th a t 
cl an de st in e te st  pr og ra m s of  m il it ary  sig nific an ce  could  be co nd uc ted unde r a 
CT B.  In  th e la st  an al ys is , a det er m in at io n  of  w hat  const it u te s ad eq uat e ve ri fic a­
tio n can on ly  be mad e on th e  ba si s of  a ca re fu l as se ss m en t of  al l of  th e  cu rr en t 
an d po te nt ia l ri sk s ag ai nst  th e cu rr en t an d pot en tial  avail ab il it y  of  th e mea ns  
fo r dete rr in g  an d,  if  ne ce ss ary,  di sc ov er in g a tt em pts  to  co nd uc t te st in g  cl an de s­
tin ely.  We  m us t as su me th a t an y p a rt y  se ek ing to  vio la te  a CTB by cl an de st in e 
te st in g  wo uld ta ke  so ph is tica te d pre ca utions in  ord er  to  min im ize  th e sei sm ic 
si gn al s or  ex plos ionl ike chara c te ri st ic s of it s te st s.  Or,  to  pu t it  ano th er way , 
su ch  a part y  wo uld  seek to m ak e th e ex plos ions  look se ismical ly  mor e lik e e a rt h ­
qu ak es . Som e of  th es e te ch ni qu es  ha ve  bee n di sc us se d in th e 1968 S II ’RI  re po rt  
an d were al so  di sc us se d in th e la st  CT B ex pe rt s mee tin g.  W e ha ve  to fa ce  th e 
fa c t th a t,  if  on ly  nat io nal  sy st em s a re  used , even w ith  ad va nc ed  sei sm olog ica l 
tech ni qu es , th er e wi ll st il l be  a su bst an ti a l nu m be r of  un id en tif ied or am bigu ou s 
n a tu ra l se ism ic  ev en ts ."The se  could  "prov ide  a ba ck gr ou nd  again st  which  som e 
nu m be r of  cl an de st in e nuc le ar tes’ts co uld be hidd en . On th e ba si s of  se ism ic
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means  alo ne  th er e cou ld be no ob ject ive w ay  to reso lve the  tru e ch ar ac te r of  such  
eve nts . On site ins pections, however , cou ld provide ju st  suc h a me tho d— and  it is 
in fa ct  the only method  th at  we kno w wh ich  cou ld id en ti fy  the  nu clea r ch ar ac te r 
of  some seism ic events.  Th us , ons ite  ins pection s can lie usefu l in he lpi ng  to de ter 
a co un try fro m co nd uc tin g prohibited  tests by in cr ea sing  the  ch an ce  th at  an y 
sign ifica nt  viol at ions  will  be dis covered . Th is, in tur n, will  in crea se  the  pro b­
ab ili ty  that  clan de sti ne  tes tin g wi ll not be judg ed to be wo rth  the  risk. We rega rd  
th is  increa se  in ve rif icat ion ca pa bi lit y as ne cessa ry.

An ad di tio na l aspe ct of  the  ve rif icat ion pro blem is fou nd in the  dif ficult  iss ue  
of  how peacefu l nu cle ar  explos ion s cou ld be accomm odate d wi th in  a C T B  wh ile  
sim ultan eo us ly in su rin g th at  such explos ion s w ill  not be used  fo r weapon de ve l­
opment. Thi s prob lem ar ises  from the  fa ct  th at  pe ac eful  nu cle ar  ex pl os ive de vic es  
ar e in he rent ly in di st in gu isha bl e fro m de vic es  su itab le  fo r m il itar y purpos es.

I ha ve  com mented toda y on va rio us  iss ues and (pie stio ns raise d by the  re pr e­
se nt at iv es  of  Sw eden  and Ca nada . We  ha ve  als o sub mitted a st at us  report on the  
progress of our la rg e seism ic arr ay program . To ge th er  wi th th is  repo rt we  ha ve  
sub mitted a de scrip tio n of  our  cu rren t and pla nned res earch  wh ich  we  hope w ill  
fu rther  our un de rstand in g and  ca pa bi lit ies in the area  of  sei sm ic ve rif icat ion.  We 
sinc erely hope that  our  eff or ts  will  be he lpf ul to the mem bers  of  the  Comm itte e.

All de leg at ions  he re ha ve  str ess ed the im po rta nc e of  a comp rehensive  tes t ban 
as  an arm s-c ontro l me asu re.  We sh ar e this vie w of  its  importance. Al l de lega ­
tions ha ve  als o rec ogniz ed tha t the  quest ion  of ve rif ica tio n is a vi ta l issue. Th e 
Ti nt ed  St at es  has al re ad y exp end ed a ve ry  gr ea t effort  to bui ld up and  im prove 
ve rif ica tio n ca pa bi lit ies,  and , as  the  Pr es iden t of  the  Un ited St at es  has sa id  on a 
number of  occasio ns , the  United  St at es  will  continue  to sup port ef fo rts to im­
pro ve wor ldwid e sei sm olo gic al ca pa bi lit ies.

Th e C h ai rm an  (Y ugo sl av ia ).  On be ha lf o f the Co ch air inan , I sho uld  lik e to 
requ est tha t th is  mo rning ’s offic ial me eting be follo we d im med iat ely  by an un­
official  me eting fo r the  purpos e of  co ns ul tin g the Comm ittee with  respect to the  
qu estio ns  raise d at our last plen ar y sess ion by  the re pr es en tativ es  of  Ca na da  and 
Me xico .

Th e Co mmittee  agre ed.
I Th e me eting rose at  12 :50 p.m. j
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In tr o d u c ti o n

The sc op e o f  th e  on go in g U nit ed  S ta te s  pr og ra m , P ro je c t VELA, dev ote d  to  re s e a rc h  
in to  se is m ic  v e r i f i c a t i o n  o f  an  un de rg ro un d t e s t  ba n has  be en  p re v io u s ly  re p o r te d  to  
th e  Con fe re nc e in  a wor king  paper o f  Au gust 1971» CCD/33O. The p re s e n t p ap er re vie w s 
th e  p ro g re ss  to w ar ds  a t t a in in g  th e  re s e a rc h  o b je c ti v e s  o u tl in e d  a t  th a t  ti m e , an d 
d is c u sse s  c e r ta in  re s id u a l pr ob le m s p re s e n tl y  p re v e n ti n g  se is m ic  v e r i f i c a t i o n  down to  
low  m ag nitudes . I t  a ls o  o u tl in e s  some d i r e c t io n s  th a t  a re  c u r re n tl y  be in g  purs ued  in  
se is m ic  in s tr u m e n ta ti o n , se is m ic  sy st em s,  an d de pl oy m en ts  to  a s s i s t  i n  th e  s o lu ti o n  o f 
th e se  pro ble m s.
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Sec tion  I
R ec en t P ro g re ss  in  Sei sm ic  V e r if ic a ti o n  R es ea rc h

The U .S . La rg e A rr ay  Pr og ram i s  now hal fw ay  th ro ugh  i t s  tw o-y ear e v a lu a ti o n  
pr og ra m . A v a il ab le  d a ta  in d ic a te  th e  c a p a b i l i ty  o f  th e se  a r ra y s  a s  re s e a rc h  to o ls  
an d t h e i r  p o te n t ia l  f o r  se is m ic  m o n it o ri n g  sy st em s.  In  th e  comp anion  Ve ry Long 
P e ri o d  Exper im en t,  se ven  s ta t io n s  ha ve  bee n in  o p e ra ti o n  d u ri n g  th e  p a s t y e a r and 
th re e  o th e rs  a re  n e a r in g  com ple ti on . The r e s u l t s  o f  t h i s  ex per im en t in d ic a te  th e  
v a lu e  o f  c a re fu l em pla ceme nt o f in s tr u m e n ts  to  ensu re  t h a t  th e  re s id u a l  n o is e  i s  in  
f a c t  e a r th  n o is e  an d pose  some i n t e r e s t i n g  q u e s ti o n s  as  to  th e  em placem en t and 
se is m om et er  ba nd wid th  o f  fu tu r e  i n s t a l l a t i o n s .  T h is  s e c ti o n  i s  a  re vie w  o f  p ro g re ss  
to  d a te  in  th e se  pr og ram s and in d ic a t io n s  f o r  fu tu r e  re s e a rc h .

S ig n a l D e te c ti o n  C a p a b i l i t ie s  o f  La rg e A rr ay s
R es ear ch  has c o n ti n u ed  on  th e  d e te c ti o n  c a p a b i l i t i e s  o f  th e  th re e  la rg e  se is m ic  

a r ra y s  dev el oped  under th e  U.S . re s e a rc h  pro gr am s.  Th ese a re  th e  La rg e A per tu re  
Sei sm ic  A rr ay  (LASA) in  M on tan a, th e  la rg e  R es ea rc h  A rr ay  i n  Norway (NORSAR), and th e  
A la sk an  Lon g P e ri od  A rray  (ALPA). D ur in g th e  p a s t y e a r , two s ig n i f i c a n t  de ve lo pm en ts  
ha ve  o c cu rre d . F i r s t ,  th e re  has be en  an  im p o rt an t improvem ent in  th e  te ch n iq u es  f o r  
a u to m a ti c a ll y  d e te c ti n g  e v en ts  a t  LASA, b ri n g in g  th e  au to m ati c  se is m ic  even t d e te c ti o n  
th re s h o ld  c lo se  to  th e  l i m i t  f o r  t h i s  a r ra y . Se co nd , h ig h  q u a l i ty  d a ta  fro m th e  f u l l  
NORSAR a rra y  ha ve  p ro v id ed  a  means to  e s ti m a te  th e  u lt im a te  P-w ave  d e te c ti o n  th re s h o ld  
f o r  t h a t  a r ra y  an d th e  de ve lo pm en t o f  au to m ati c  d e te c ti o n  me thod s i s  now w e ll  un de rw ay . 
T ur nin g to  th e  lo ng  p e ri o d  a r ra y s , s u f f i c i e n t  d a ta  ha ve  now be en  o b ta in e d  to  e s ti m a te  
t h e i r  d e te c ti o n  th re s h o ld s  f o r  se is m ic  e v e n ts . Summ aries o f bo th  s h o r t- p e r io d  and 
lo n g -p e ri o d  d e te c ti o n  th re s h o ld s  a re  d e sc ri b e d  b e lo v . Hi gh  q u a l i ty  d a ta  fro m a l l  th re e  
a r ra y s  ha ve  become a v a i la b le  f o r  th e  i n i t i a l  s tu d ie s  o f c a p a b i l i t i e s  an d l im i t a t i o n s  o f 
i d e n t i f i c a t i o n  c r i t e r i a  a t  low  m ag nitude.
C a p a b il it y  to  D ete c t S h o r t- P e ri o d  P-W aves

P-w ave d e te c ti o n  th re s h o ld s  o f s h o r t- p e r io d  a r ra y s  a re  u l t im a te ly  l im it e d  by :
(a ) The am pli tu de an d v a r i a b i l i t y  o f  th e  am bi en t n o is e  which  e x i s t s  in  

th e  e a r th  a t th e  d e te c ti o n  s i t e .
(b ) The im pro vem ent in  e f f e c t iv e  s ig n a l - to -n o is e  r a t i o  which  ca n be 

ach ie ved  by  co mbining  th e  o u tp u ts  o f  a l l  o f  th e  sen so rs  o f  th e  a rr a y , 
and

(c ) The re d u c ti o n  in  am pli tu de o f  se is m ic  s ig n a ls  o f  i n t e r e s t  cau se d  by 
f i l t e r i n g  and  co mbining  s ig n a ls  fro m th e  a r r a y 's  s e n so rs .

A
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These para m ete rs  a re  m ea su ra ble , and may be u sed  to  det er m in e th e  u lt im a te  th re s h o ld  o f 
an  a r ra y . The f i r s t  two para m ete rs , mea su red i n  th e  fr eq uency  ba nd  o f  th e  P-wave  
s ig n a ls  o f  i n t e r e s t ,  d e fi n e  th e  i r r e d u c ib le  n o is e  a t  th e  o u tp u t o f th e  a r ra y , an d he nc e 
th e  am pli tu de o f  th e  minimum d e te c ta b le  P-w ave  s ig n a l . The t h i r d  pa ra m ete r i s  th en  
us ed  to  d e fi n e  th e  P-w ave  e a r th  m ot io n in p u t re q u ir e d  to  pr od uc e th e  minimum d e te c ta b le  
s ig n a l a t  th e  a r r a y  o u tp u t.  This  e a r th  m ot io n may th en  be  in te r p r e te d  in  te rm s o f 
ea rt hquake m ag nitude.

The l im i t in g  th re s h o ld  f o r  LASA has  bee n e s ta b li s h e d  f o r  s e v e ra l y e a r s , an d 
re p o r te d  in  s e v e ra l p u b li c a ti o n s  o f L in co ln  L ab o ra to ry  and th e  Sei sm ic  Data 
L abora to ry  [R e f.  1 , 2 ].  These  s tu d ie s  in d ic a te  t h a t  th e  u lt im a te  te le s e is m ic  d e te c ti o n  

'  th re s h o ld  o f  th e  LASA a rr a y  i s  ab ou t m̂  3-9 (LASA m ag ni tu de ) a t  th e  90 ^ confi dence  l e v e l .  
Ba sed on r e c e n t ly  acq u ir ed  d a ta  fro m NORSAR, we may now e s ti m a te  th a t  th e  u lt im a te  
te le se is m ic  d e te c ti o n  th re s h o ld  i s  ab ou t 4 .1  (NORSAR m ag ni tu de ) f o r  t h a t  s t a t i o n  a t  th e  
90̂ > confi dence  l e v e l .  D e ta il s  o f  th e se  e s ti m a te s  a re  g iv en  in  Tab le  I .

D ev el op in g th e  c a p a b i l i ty  to  ap pro ac h th e se  u lt im a te  d e te c ti o n  th re s h o ld s  by  
au to m ati c  me ans has  be en  one  o f  th e  g o a ls  o f  th e  TJ.S. se is m ic  re s e a rc h  pr og ra m . L ast  
y e a r i t  was  re p o r te d  to  th e  CCD th a t  eq ui pm en t f o r  au to m ati c  even t d e te c ti o n  ha d 
ach ie ved a  th re s h o ld  o f = 4-2  a t  th e  9O>“ co nfi dence le v e l  f o r  LASA. S in ce  th e n , 
im prov em en ts in  th e  co mpu ter lo g ic  f o r  re c o g n iz in g  ear th quake s ig n a ls  h as  lo w er ed  t h i s  
th re sh o ld  to  m  ̂ = 3 -9 .

T h is  th re s h o ld  was v e r i f i e d  by co u n ti n g  th e  num ber  o f eart h q u ak es  d e te c te d  in  
sm al l m ag ni tu de  in cre m ents  an d observ in g  th e  mag ni tude  le v e l a t which  th e  num ber  o f 
d e te c te d  e v e n ts  no lo n g e r in c re a se  a s  e x p ec te d . F ig u re  1 show s th e  in c re m en ta l 
h is to g ra m s o f  4»8Q4 sei sm ic  e v en ts  a u to m a ti c a ll y  d e te c te d  by  LASA a t  d is ta n c e s  be tw een 
30° an d 8 5 ° . The body wave m ag ni tu de s a re  th o se  de te rm in ed  d i r e c t l y  by  LASA, wh ich  
agre e c lo s e ly  w it h  m ag ni tu de s re p o rt e d  by  th e  U .S . R a ti o n a l O ce an ic  an d Atm os ph er ic  
A d m in is tr a ti o n . The g en era l tr e n d  o f in c re a s in g  numbers  o f  e v en ts  d e te c te d  as  th e  
m ag ni tu de  d e c rea ses  con ti n u es  fro m m ag ni tu de  6 down to  m ag ni tude  4- The r a te  o f  
in c re a se  d ro ps sh a rp ly  j u s t  be low  m ag ni tu de  4 a s  in c re a s in g  numb ers  o f  eart hquakes  
wh ich  a re  known fro m o th e r  ev id ence  to  occu r a re  no lo n g e r d e te c te d  by  LASA. The 
in c re m e n ta l h is to gra m  im p li e s  th a t  90/° o f th e  expec te d  num ber  o f  m  ̂ = 3*9 ear th quakes 
a re  d e te c te d , confi rm in g th a t  t h i s  i s  th e  c u rr e n t th re s h o ld  f o r  au to m ati c  even t 
d e te c ti o n  a t  LASA.
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F ig u re  1. Number o f d e te c te d  
m a g n it u d es .

e v e n ts  v e rsu s  l.ASA bod ywa ve



A uto m at ic  ev en t d e te c ti o n  me thod s a t  NORSAR ha ve  n o t y e t  be en  f u l l y  dev el oped  to  
ta ke advan ta ge o f  s ig n a l an d n o is e  c h a r a c t e r i s t i c s  a t  th a t  s i t e .  A cco rd in g ly , th e  
lov ze st p o s s ib le  a u to m ati c  ev en t d e te c ti o n  th re s h o ld  a t  t h a t  s t a t i o n  has n o t y e t be en  
ach ie ved . P re li m in a ry  d a ta  s im il a r  to  t h a t  g iv en  f o r  LASA in  F ig u re  1 su ggest t h a t  
th e  c u rre n t au to m ati c  ev en t d e te c ti o n  th re s h o ld  o f  NORSAR i s  n e a r m  ̂ = 4 -4  
(9Q;j in c re m e n ta l) . A ltho ug h NORSAR's u l ti m a te  s h o r t- p e r io d  th re s h o ld  w i l l  n o t q u it e  
equal  th a t  o f  LASA, i t s  lo n g -p e ri o d  c h a r a c t e r i s t i c s  a re  e q u a ll y  a s  go od . Furt her m ore  
NORSAR an d LASA a re  now p ro v id in g  c ru c ia l d a ta  ne ed ed  f o r  re s e a rc h  on  e v en ts  in  re g io n s  
o f common covera ge .
C a p a b il it y  to  D e te c t L ong-P eri od  Waves

An i n i t i a l  e v a lu a ti o n  o f  th e  lo n g -p e ri o d  d e te c ti o n  c a p a b i l i t i e s  o f  NORSAR, LASA, 
an d ALPA h as  r e c e n t ly  bee n co m ple te d . The ear th quake  so urc e  re g io n  ch os en  f o r  th e  
s tu dy  vas  th e  K ur ile- K am ch at ka a re a  which  i s  about 60° from  NORSAR an d LASA an d 30° 
fro m ALPA. The p ro c e ss in g  u sed  v as  f i l t e r i n g  an d be am form ing o f  v e r t i c a l  se is m om et er s 
au gm ented  by  match ed  f i l t e r i n g  when re q u ir e d . I t  a p p ea rs  th a t  t h i s  i s  v e ry  c lo se  to  
opt imum p ro c e ss in g  f o r  th o se  a r r a y s . A p re li m in a ry  e s ti m a te  o f  th e  907° in c re m e n ta l 
d e te c ti o n  th re s h o ld s  f o r  R ay le ig h  wav es , in  th e  abs en ce  o f  i n t e r f e r in g  e v e n ts  (w hi ch  
a re  d is cu ssed  s e p a ra te ly  l a t e r ) ,  we re de te rm in ed  to  be  = 3- 0 f o r  NORSAR, 3- 1 f o r  
LASA, an d 2 .6  f o r  ALPA. Th es e v a lu e s  we re o b ta in e d  from  h is to g ra m s o f  nu mb ers  o f 
eart hquakes  vs m ag ni tu de  in  a  manner s im i la r  to  th a t  d is c u sse d  p re v io u s ly  f o r  s h o r t-  
p e ri o d  d e te c ti o n  th re s h o ld s . A si m ple  c o r r e c ti o n  to  no rm ali ze  th e s e  m ag ni tu de  v a lu e s  
to  a  common d is ta n c e  in d ic a te s  t h a t  a l l  th re e  a r ra y s  ca n d e te c t su rf a c e  wa ves  down to  a 
m ag ni tu de  o f  2 .5 -2 .6  a t  30°« F u r th e r  d a ta  may m od ify th e se  e s ti m a te s .

To dete rm in e th e  u t i l i t y  o f  th e  la rg e  lo n g -p e ri o d  a r ra y s  f o r  th e  d is c r im in a ti o n  
pr ob le m , i t  i s  a ls o  n e c e ssa ry  to  know th e  th re s h o ld  o f th e se  a r ra y s  i n  te rm s o f  body 
wave m ag ni tu de.  That  i s ,  f o r  an  even t o f  g iv en  we wan t to  lcnow th e  p r o b a b i l i ty  o f  
d e te c ti n g  R ay le ig h  wa ves to  be  u sed  in  c r i t e r i a  su ch  a s  th a t  base d  up on  Ms :m^ . The 
c o r r e la t io n  o f  bo dy  wave an d s u rf a c e  wave m ag ni tu de  i s  com pli cate d  by  th e  f a c t  t h a t  
s u rf a c e  wave m ag nitudes  a re  dep en den t up on  th e  dep th  o f  th e  se is m ic  e v en t,  an d a  
d e te rm in a ti o n  o f th e  dep th  o f fo c u s  i s  im p o rt an t to  t h i s  c o r r e la t io n .  We a re  c u r r e n t ly  
in v e s t ig a t i n g  t h i s  pro bl em , p a r t i c u l a r ly  in  a co m pr eh en sive  s tu d y  o f  wor ld wid e d a ta  
(s e e  S e c ti o n  I I I ) ,  v i t h  a  vi ew  to  d e f in in g  th e  bo dy  wave m ag ni tu de  o f  sh al lo w  fo cu s  
e art h q u ak es  co rr esp o n d in g  to  th e  su rfa c e  wave m ag ni tu de  th re s h o ld s  o f  th e  la rg e  a r ra y s  
f o r  v a r io u s  se is m ic  a re a s  o f  th e  w orl d .



Very Long P e ri o d  Exp er im en t
The Ve ry Long P e ri o d  Exp er im en t h as  two p r in c ip a l  o b je c ti v e s . The f i r s t  i s  to  

de m on st ra te  t h a t  h ig h  ga in  in s tr u m e n ts  ca n be  i n s t a l l e d  su ch  th a t  t h e i r  pe rform an ce  i s  
li m it e d  on ly  by  e a r th  n o is e  an d to  dem onst ra te  th a t  c a re fu l s i t i n g  o f  th e  in s tr u m e n ts  
ca n mar ke dl y re duce th e  amount o f  e a r th  n o is e . The se co nd  i s  to  e x p lo it  th e  f a c t  th a t  
th e  in s tr u m e n t re sp onse  vzas desi gned  to  be  a t  a maximum where  th e  e a r th  n o is e  le v e l  i s  
a t  a  minimum bet w ee n 30 an d 50 se co nd s (F ig u re  2 ) . I t  was a n ti c ip a te d  th a t  t h i s  
fa v o ra b le  "window" f o r  vi ew in g su rf a c e  waves  from  eart hquakes  an d e x p lo sio n s  wo uld  
re v e a l new c h a r a c te r i s t i c s  th a t  mig ht  su pp lem en t o u r p re v io u s  ex p eri en ce  a t  p e ri o d s  in  
th e  v i c in i t y  o f  20 se co nd s.  Of p a r t i c u l a r  im port an ce  was th e  h y p o th e sis  t h a t  th e re  
might  be  a  g r e a te r  s e p a ra ti o n  o f  th e  ear th quake  an d ex p lo si o n  p o p u la ti o n  on  th e  
Mg :mfc p lo t  th a n  e x i s t s  a t  20 se co nds.

Seven s ta t io n s  ha ve  be en  use d  e x te n s iv e ly  in  re c e n t s tu d ie s . The  se ven  e x is t in g  
s ta t io n s  a re  l i s t e d  in  Tab le  I I ,  to g e th e r  w it h  t h e i r  g e o lo g ic a l s e t t in g s .  The ba se  
n o is e  le v e l s  f o r  th e  v e r t i c a l ,  N ort h -S outh , an d E as t- W es t h o r iz o n ta l co mp onen ts a t 
20 se co nd s an d 40  se co nd s w it h  a  pa ss ban d o f  0 .0 13 Hz a re  shown in  T ab le  I I I .  D ur in g 
p a r t i c u l a r ly  n o is y  p e ri o d s , ho wev er , th e  n o is e  l e v e ls  ca n be  an  o rd e r o f  mag ni tu de  
g re a te r  th a n  th e  base  le v e ls  a t  20 se co nd s due  to  m ic ro se is m ic  st o rm s.  Ba se  l e v e l s ,  
th e re fo re , re p re s e n t th e  q u ie te s t  c o n d it io n s  a t  th e  s ta t io n s  re co rd ed  to  d a te . The 
lo c a ti o n s  o f  th e  s ta t io n s  an d t h e i r  30° a re a  o f  co ve ra ge  a re  shown in  F ig u re  3>

The r e s u l t s  in d ic a te  th a t  c a re fu l d e s ig n  o f se is m om et er , in s tr u m e n t c o n ta in e r , 
an d v a u lt  has r e s u l te d  in  an  in s tr u m en t whi ch  i s  s u f f i c i e n t l y  in s u la te d  from  th e  
en vi ro nm en t th a t  we can ha ve  co nfi dence th e t  i t  i s  re c o rd in g  only  gr ou nd  mov eme nt.
Thi s i s  an  im p o rt an t ac hi ev em en t bec au se  f u l l  u t i l i z a t i o n  has be en  made o f th e  
in s tr u m e n t g a in , a s  much a s  100, 000, a t  p e ri o d s  o f  35 to  40 se co nds.  The e q u iv a le n t 
ear th quake  m  ̂ d e te c ti o n  c a p a b i l i ty  o f  th e  f i r s t  fo u r  s t a t io n s  b u i l t  f o r  v a ri o u s  
se is m ic  a re a s  o f  th e  w or ld  i s  shown in  F ig u re  4-  T h is  f ig u r e  in d ic a te s  th a t  th e se  
fo u r  s t a t io n s  g iv e  an  4 .3 -4 -4  in  th e  K am ch at ka -K ur ile  re g io n  an d an  m^ 4- 5 o r  l e s s
c a p a b i l i ty  i n  mo st a re a s  in v e s t ig a te d . An en ha nc ed  c a p a b i l i ty  cou ld  be  ach ie ved  by  
more s t a t i o n s ,  p o s s ib ly  a s  sm al l a r r a y s , an d by  d i g i t a l  d a ta  p ro c e ss in g .

The s t a b i l i t y  o f  th e  n o is e  le v e l  a t  40 se co nd s i s  a p p a re n tl y  g r e a te r  th a n  th a t  
a t  20 se conds.  T h is  stem s from  th e  o r ig in  o f  th e  n o is e  co mp onen ts a t  two p e ri o d s , 
th a t  a t  20 se co nd s be in g  from  m ic ro se is m s an d th a t  a t  40 se co nd s from  lo c a l
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com p on en t in s tr u m e n t r e s p o n s e  c u r v e .
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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, particularly 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 number of earthquakes and a relatively small 
number of explosions it appears that no increase in the average separation between 
earthquakes and presumed explosions will be obtained by using M s (40):mj) instead of 
M s (20):mb  although the spread in M g (4O) values at a given appears to be less. 
Azimuthally-dependent spectral 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 noise with depth. This is an approach which will be pursued 
further. Analysis of data obtained under the Very Long Period Experiment program has 
supported the concept of the general utility of the MgSm^ 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 now attaining the technical capability to analyze fully and effectively the 
VLPE data.

4
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Section II
Important Remaining 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 instance, it was suggested in the U.S. Working 
Paper last year that the MgSm^ criterion for seismic discrimination might fail 
occasionally, for reasons unknown. Such events, sometimes referred to as false 
alarms, appear in the explosion population on the Ms :nqj 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 continuing concern is the possibility of evasion. The current 
U.S. research into possible clandestine testing techniques and research into ways 
of deterring such testing is reviewed briefly.

Anomalous Events
A number of effective discriminant criteria may be successfully employed for 

distinguishing between signals from earthquakes and explosions. One of those in 
extensive use i6 a comparison of amplitudes of long^period surface waves and 
amplitudes of short-period body waves; i.e., the so-called MgSDq, criterion. It is 
intended to be applied to shallow focus (depth less than 60 kilometers) events. It 
has been found that in most cases such earthquakes have much higher Mg values for a 
given nqj 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 Ms :nq, criterion. Although these events 
occur occasionally at magnitudes slightly above nq^, their numbers increase 
substantially at low magnitudes; this is largely because there are more seismic events 
at low magnitude.

To document this phenomenon, a study was made of MgSnq, characteristics of 
earthquakes in a region comprising the eastern Himalayas and parts of Assam and Tibet. 
This region was chosen because there had been previous indications that anomalous 
Rayleigh wave energy was associated with some seismic sources in the area.



42

Fifty-three earthquakes occurring between 1963 and 1970 within the region, 
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, Poona, 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 zone of the stations used could introduce some bias. All individual 
station magnitudes were normalized to the mean values from the network on large 
events to minimize possibilities of bias 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 Segge’m  formulas with only slight differences in the 
results. The data presented in this paper are based solely on the method of 
Marshall and Basham (including depth corrections) since thia technique is gaining 
wide acceptance.

The plot of MgSm^ 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 (Eastern Kazakhstan and Sinkiang) shown by Marshall and Basham [Ref.3].

The MgSnqj plane in Figure 5 is divided into three parts by the lines 
Ms  = mh-1.0 
Me = mb-1.5

It will be observed that the Me and values of the Marshall and Basham 
explosion population lie below the line Mg = m^-1.5. It should be understood that 
the points which are plotted are subject to normal statistical error. Accordingly, 
an event with mean Ms  and m-̂  values which plots somewhat above the explosion zone 
may, nevertheless, be statistically indistinguishable from an explosion by this 
criterion. Region I, above Ms  = m^-l, can be safely characterized as containing only 
earthquakes. It is clear from Figure 5 that the values of M s ;m^ for numerous 
earthquakes in this area 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 
MgSm^ oriterion by itself is not a positive identifier of explosions smaller than 
nq,5«0, although it should be pointed out -that an event as high as mh5«5 was observed 
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 ' 
occasions to oocur in some other regions as well (Ref*.4).

t



TABLE IV 

L is t  o f  E ven ts

DATE
MO DAY YR

ORIGIN
TIME

COORDINATES DEPTH
KM “ b M **

8
GEOGRAPHICAL

REGIONN.LAT. E.LGNG

07 05 63 7 19 15.8 27 .7 92. 1 * 4 .2 3 .9 0 Assam,  I n d ia
10  08 63 2 51 6 .0 28 .6 95 -1 24 5 .4 4.3 3 Assam,  I n d ia
11 16 63 11 39 37. 8 28 .1 95 -1 37 4 .7 3 .9 3 Assam,  In d ia
01 07 64 4 50 37 .0 29.8 98.7 46 5.0 . 4 .3 8 E a s te rn  T ib e t
01 27 64 5 29 27.O 29 .2 97 .2 * 4 .9 3.8 7 S ou th ern  T ib e t
04 30 65 7 13 23. 1 28. 3 9 6 .0 * 4 .4 3- 96 In d ia -C h in a  B ord er
06 04 65 15 56 56.O 31. 7 95 .2 * 5 .0 3 .8 7 T ib e t

07 31 65 16  36 53 .8 32 .7 9 3 .2 * 4- 9 4- 27 T ib e t
07 31 65 17 7 52 .6 32.7 93 -1 * 4 .7 4 .8 1 T ib e t

07 31 65 19 1 9 .4 3 2 .8 93-0 ♦ 4 .4 4 .4 0 T ib e t

07 31 65 21 44 47 .8 32 .7 93.1 21 4 .9 4 .6 0 T ib e t
08 01 65 14 14 1 .7 3 2 .6 9 3 .6 * 5 .5 3 .9 4 T ib e t
08 01 65 20 9 17 .9 3 2 .6 93 -3 32 5- 3 4 .7 8 T ib e t
08 02 65 17 49 4 7 .0 32 .8 93 .3 * 4 .8 4- 35 T ib e t
10 06 65 8 3 3 .2 29 .2 96 .1 27 5- 4 4 .1 0 In d ia -C h in a  B ord er
12 09 65 20 26 4 .0 2 7 .5 92 .5 22 5 .3  ’ 4- 47 In d ia -C h in a  B ord er
01 31 66 2 35 5- 8 27. 9 ' 9 9 .6 * 5 .6 4 .8 7 Yun nan  P ro v ., Chi na
05 14 66 4 42 50 .0 32 .4 9 7 .4 * 4- 9 4 .4 6 T ib e t
05 27 66 14 35 5- 0 27 -4 9 6 .5 51 4 .8 4 .3 4 B ur m a- In di a B ord er
09 11 66 15 55 20 .0 2 7 .0 95 .8 37 5 .0 3- 77 B ur m a- In di a B ord er
09 26 66 5 10  58 .1 27. 5 9 2 .6 # 5 .6 5 .2 6 In d ia -C h in a  B ord er
09 26 66 6 3 4 8 .0 27 .6 92 .7 * 4 .2 3- 59 In d ia -C h in a  B or de r
03 11 67 16  56 48 .7 28 .4 9 4 .4 7 5 .3 4 .6 9 In d ia -C h in a  B ord er
03 14 67 6 58 4 .6 28 .4 94 -3 24 5- 9 5- 54 In d ia -C h in a  B ord er
07 07 67 22 56 30.8 27 .8 92 .2 * 4 .9 3.7 1 In d ia -C h in a  B ord er
08 15 67 9 21 2 .3 31 .1 93 .7 * 5- 7 5.0 7 T ib e t
02 16 68 5 37 54.2 35 -7 95.1 * 4 .8 4 .5 1 T sin g h a i P ro v in c e , Chi na
06 28 68 20 34 55 -3 30 .1 95.1 44 4 .8 3 .5 8 T ib e t
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TABLE IV

DATE ORIGIN COORDINATES
MO DAY YR TIME N.LA T. E.LCNG

06 30 66 5 4 1 0 .0 3 0 .2 9 4 .8

07 01 68 "3 11 1 0 .0 3 0 .3 9 4 .5
07 04 68 6 45 5 8 .0 3 0 .3 9 4 -9
07 13 68 6 5 54-2 3 0 .3 9 4 .6
07 14 68 18 12 4 1 .0 3 0 .5 94.8
07 15 68 5 9 5 .9 3 0 .5 9 5 -0

07 16 68 22 23 7 .0 5 0 .3 9 4 .8

07 23 68 20 51 4 7 .9 3 0 .5 9 4 .9
07 26 68 12 44 3 .0 2 9 .4 9 5 .6

06 23 68 12 1 1 6 .5 3 0 .3 9 4 .9
06 24 68 14 26 7 .4 3 0 .0 9 5 .1
08 25 68 17 55 5 .3 3 0 .4 9 4 .8
06 29 68 19 51 2 4 .6 3 0 .2 95 -1
09 01 68 5 59 2 6 .6 3 0 .3 9 4 .8

09 03 68 17 45 5 4 .1 3 0 .2 9 4 .8

09 04 68 1 40 4 .0 3 3 .5 9 7 .5

09 11 68 3 7 3 2 .0 3 0 .3 9 4 .9
06 15 69 7 15 3 7 .0 3 0 .2 9 5 -0
11 24 69 2 1 9 .5 3 0 .6 9 8 .9
02 06 70 19 7 3 0 .0 3 1 .1 9 3 -5

05 08 70 11 8 8 .4 3 2 .8 9 5 .2
06 24 70 0 43 1 .9 2 8 .9 9 5 .6

DEPTH
KM *b M **

8
GEOGRAPHICAL

REGION

42 4 .8 3 .4 0 T ib e t
28~ 4 .3 3 .0 0 T ib e t
* 4 .7 3 .4 6 T ib e t
* 5 .0 3 .4 6 T ib e t

22 4 .9 3 .5 4 T ib e t

22 4 .8 3 .3 9 T ib e t

40 4 .8 5 .4 5 T ib e t  :

30 4 .9 3 .4 3 T ib e t  ‘
* 4 .9 3 .4 5 In d ia r- C h in a  B o rd e r
* 4 .8 3 .4 6 T ib e t

56 4 .6 3-3 5 T ib e t

19 4 .8 3 .2 8 T i b e t ■
* 5 -0 3-4 8 T i b e t '

20 5 .0 3 .5 9 ' T i b e t •

53 4 .9 3 .4 3 T ib e t
* 4 .8 4 .0 5 ' T a in g b a i P r o v in c e , (

38 4 .3 3 .5 2 - T ib e t
* 5-2 3 .5 7 ’ T ib e t"

12 4 .6 4 .0 0 T ib e t"
* 4 .5 . 4 .0 5 ' T ib e t

35 4 -5 3 .5 5 T ib e t
* 4 .8 4 .5 3 I n d ia -C h in a  B o rd e r

* D epth  c o n s t r a in e d  to  53 km.

**  C a lc u la te d  a c c o rd in g  to  th e  fo rm u la o f  M a rs h a ll  and  Basham  (1 971)
i n c lu d in g  d e p th  c o r r e c t i o n .  F o r  th o s e  e v e n ts  w it h  c o n s t r a i n e d  
d e p th s ,  th e  d e p th  c o r r e c t i o n  wa s a p p l ie d  a s  i f  th e y  w er e a t  
33  km.
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mj,

Figure 5. ' The mu values are from NOAA. The Ms values are calculated 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.



The cause and geographical distribution of anomalous earthquakes are an 
important field of research because it may assist in defining the extent of the 
problem. Figure 6 shows each event plotted and symbolized to indicate to which 
of the three populations in Figure 5 it belongs. A striking feature of the 
distribution is the concentration of explosion-like M e : m b values centered at about 
30°N and 95°E. Furthermore, the events in question occurred mainly in one sequence 
which occurred from June to September 1968. Two other clear regions characterized 
by low Mg values relative to nq, values can be distinguished. One is the frontal 
region of the Himalayas, also described by Marshall and Basham, which shows such 
anomalous events intermingled with normal earthquakes. The other occupies the 
eastern end of Assam and the north-south trending mountain ranges which join the 
Himalayas and extend south toward Burma. The observed magnitude characteristics 
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 m-̂ 5 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 methods may hopefully lind 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 events will overlap. Irt some cases the resulting interference 
will be so severe as to make any extraction of useful information relating to the 
later arrival impossible. 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 techniques, 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
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•  Earthquak e like  events  ( M s > m |, —1 .0 ) (R e g io n  I  of F ig ure  8 )

x Ev en ts  in te rm ed ia te  b e tw een  Explo sio n li k e  and
Earthquak e like  (m |, —1. 5 < M s <nr»|,—1.0 ) (R e g io n  I I  o f F ig u re  8 )

□  Exp lo sion like  events  ( M s < m j, -1 .5 )  (R e g io n  H I  of F ig u re  8 )

Figure 6. Geographical distribution of various Ms - types. 
Ms - mb values were corrected for mean station magnitude differences prior to averaging. Marshall 
and Basham’s method was used in the M s calculations.

«



mag ni tu de  from d i f f e r e n t  lo c a ti o n s  a r r iv e  s im u lt a n eo u s ly  a t  a  se is m ic  s t a t i o n .  The  
se co nd  i s  when s ig n a l s  o r ig in a te  fro m two d is c r e te  b u t n e a r ly  c o -l o c a te d  even ts  
havin g  ro ughly  th e  same o r ig in  ti m e, an d th e  t h i r d  i s  when a sm al l even t i s  m ir ed  in  
th e  cod a o f  a  much la r g e r  ear th quake.

As an  i l l u s t r a t i o n  o f  th e  e x te n t o f  th e  pro ble m , T ab le  V show s th e  p e rc en ta g e  
o f  mixed e ven ts  a t  s ix  s in g le  s ta t io n s  p ro v id in g  d a ta  f o r  th e  Very Long P e ri o d  
Exp er im en t.  Ex pe ct ed  s ig n a l a r r i v a l  ti m es a t  th e  s t a t io n s  fo r  E u ra s ia n  ev en ts  we re 
c a lc u la te d  fro m o r ig in  tim es an d lo c a ti o n s  g iv en  by  a  com bin ed l i s t  o f  NOAA 
( in c lu d in g  WWSSN), IASA, an d NORSAR e p ic e n te rs . The  d a ta  were c o ll e c te d  be tw ee n 
Ja nuary  1 , 1972 an d F ebru ary  20 , 19 72 . A t o t a l  o f  155 s ig n a l so u rc es  w it h in  
E u ra s ia  a re  th e  d a ta  bas e f o r  th e  s tu d y . On th e  av era g e , about 16 p e r  cen t o f  th e  
t o t a l  p o s s ib le  s in g le  s t a t io n  o b se rv a ti o n s  sliow ed in t e r f e r in g  s ig n a l s .  An i n t e r f e r in g  
s ig n a l in  t h i s  c o n te x t i s  ta ken  to  be  on e w hi ch , fro m v is u a l in s p e c ti o n  o f  a c tu a l 
se is m ic  re c o rd s , l i e s  w it h in  th e  wave t r a i n  o f  an  even t p re ced in g  i t  in  tim e on  th e  
re c o rd  to  su ch  an  e x te n t th a t  no r e l i a b l e  in fo rm a ti o n  on  am pli tu de o r  s p e c t r a l  co n te n t 
may be  o b ta in e d  fro m th e  combined wavef orm . P ro x im it y  to  smi c. a re a s  ca use s 
some v a r ia t io n  i n  t h i s  p e rc en ta g e . For ex am pl e,  Ch iang  Mai an d C h art e rs  Tow ers 
b o th  ha d a  h ig h e r th a n  av er ag e num ber  o f mixe d e v en ts .

TABLE V
PERCBUTAGE OF MIXED EVIHTS AT 

SINGLE STATIONS OF 
THE VERY LONG PERIOD EXPERIMENT

No. o f  Even ts  Re co rded  
D uring St ud y

P e rc e n t Mix ed 
a t  S in g le  S ta ti o n

C h art e rs  To wer s,  A u s tr a li a 154 19
F a ir b a n k s , A la sk a , USA 1551/ 14
K onig sb er g , Norway 154 14
Ogd en sb er g,  New J e rse y , USA 154 16
Tole do, Spai n 1551/ 12
Ch iang  M ai , T ha il and 771/ 22

in  o p e ra ti o n  du ri ng  on ly  p a r t  o f th e  p e ri o d  o f  th e  st udy,
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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 given when 4» 5» or 6 of the stations 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 number 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 was increased. Distribution of the totally mixed events as a function of
magnitude was as follows:

Magnitude

Number of events for 
which all stations in 
network recorded mixed 
signals
Number of events 
in population

TABLE VII
m b <  4-0 mb 4.0 to 5.0 m b >  5-0

3 3 2

41 99 15

The largest of eight mixed events noted above occurred simultaneously with an mb 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 mb '5»5 events not occurring within Eurasia. Signals from 
the three low magnitude events were masked by either the signal or the code from 
events outside Eurasia of magnitudes greater than mb 4-5»

The above discussion centered upon the reduction of the mi -red event population 
by the use of a geographically distributed network. Beamforming capabilities of an 
array can also be used as an effective means of separating mixed events. In 
particular, the frequency-wave number 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 s e i  « n r i  c magnitude. A 
typical representation of a wavenumber spectrum at a period of 18.3 seconds is shown 
in Figure 7 (a). A large coherent signal from the northeast causes a power peak in
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the wavenumber plane at a point corresponding to its azimuth 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), a suspected small signal 
coming from the south is completely dominated by the large signal. However, the 
f-k technique allows us to remove the main peak along with its 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 illustrations 
merely give a visual representation of the results of the data processing.

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 
azimuthal 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 occur. This is a subject of current research.

The utility of the f-k analysis technique for the separation of mired events was 
tested in two recent studies. In the first, conducted from May 1, 1971 to 
January 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 IASA, NORSAR, and ALPA from February 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 array in Table VIII. Also shown is the effective 
reduction by the use of more than one array as a network in a similar fashion to the 
VLPE study. Array 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 number 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 alleviated by the use of a network of high sensitivity broadband 
instruments close to the seismic zones. While the coda energy from a large 
earthquake tends to be omni-directional, it also tends to be concentrated at periods
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(A) (B)

0 021

Figure 7. Frequency wavenumber representation of two interfering 
signals. The wavenumber plane is shown on the left and a relief 
version is shown on the right.

(A) (B)

If
0 021

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. By contrast, the signals from a nearby event tend to 
still retain shorter periods around the 12-14 second range. Broadband instrumentation 
coupled with digital equipment, both to utilize the inherent dynamic range and to 
perform adaptive filtering, might be useful in separating signals in the frequency 
domain.

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

EVASIOM
There are inherent limitations to verification systems which mean that nuclear 

testing at some 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 always 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 a few occasions per year 
when the world's seismometers, both long and short period, may be rendered largely 
useless for verification purposes by a very large earthquake. These inescapable 
occurrences of natural 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 function of rock type, and methods which might 
be used to decouple seismic energy. We have also been conducting theoretical studies
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concerned with the so-called "multiple explosion" technique. In our studies, the 
simulated explosions are sequenced so that in the composite seismogram the short- 
period body waves are reduced (depressing and the long-period surface waves are 
reinforced (increasing Ms)- The result is an earthquake-like signal, both in 
general appearance, and in Ms :nn, 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 discussed for mixed events, and the 
present inability to separate certain events makes this evasion technique a subject 
for particular attention.

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

Table IX summarizes current information on evasion potential. It suggests 
estimated yield 1 i  m i  t.a 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 tests.
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Section xll

Future Research

The problems discussed in Section II suggest some promising avenues of further 
inquiry 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. Finally, increased knowledge about evasion 
techniques may suggest ways to deter clandestine testing; countermeasures to evasion 
should be actively pursued. This section seeks to outline some of the new approaches 
to research suggested by the unresolved problems in seismic verification.

A Multi-National 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 a 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 operational 
questions related to detection and discrimination by using all available seismic data.

Data recorded for a period of one month, 20 February to 19 March 1972, has been 
selected for this extensive study with participating groups in Canada, Sweden, Norway, 
the United 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 number 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.



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 m^ 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 m^ 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 the number of times small events are masked by occasional very 
large events.

Ifeta already compiled have included bulletins from the US National Oceanic and 
Atmospheric Administration, NORSAR and LASA; detection logs from NORSAR, LASA, 
Yellowknife, Hagfors, and Warramunga; arrival times and amplitude measurements for 
Warramunga, 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 possible events not originally 
reported by the arrays. For the first time we will be in a position to accumulate 
a single list of events which will form a common and agreed data base for comparative 
studies, almost an impossibility up to this 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 wor ke rs .

Future Communications Systems and Lata Analysis
One of the important issues which was mentioned in our earlier paper (CCR 350) 

was that optimum verification system performance 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 multi-national cooperative experiment 
is revealing that there are likely to be as many as twenty thousand events above m^ 4.0 
per year. This will pose a data management and processing problem of major 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 processing 
system including techniques for maximizing signal-to-noise ratios for various wave 
types, azimuths, and frequency bands; automatic event detection; signal editing and 
storage; and a means of reprocessing data on request.



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 coimrarc-ially available at 
economic rates, have made communications on a worldwide basis simple in principle.
A map of current ground stations and the three COMSAT satellites is shown in Figure 9« 
They possess 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 communications 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 continuous 
low rate and short bursts of high rate transmission of accumulated data; and sufficient 
two-way transmission 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, such as location, time of origin, depth, magnitudes, 
spectral data and other possible discriminant mate-rial, and improved means for computing 
them will have to be developed to handle the great numbers of events which occur 
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 
number of large special and general purpose computers in the United States. The 
Seismic Array Analysis Center (SAAC) 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 10 ~ bits of data. This 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 obtained 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 hand of long-period instruments is indicated by the fact that earthquakes 
occurring 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 against the background of the coda from a large earthquake 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 reliable broadband instrument. 
Hitherto, analog recording has precluded the realization of the potential o f  the 
broadband instrument since instrument band passes were designed to eliminate seismic 
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 response 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 a way that it contains its own temperature and 
pressure environment and, in addition, is small enough for use in a 7-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 noise are particularly sensitive to deep 
burial, and it is the noise in these components which at surface sites severely 
inhibits the detection of potentially useful Love xzaves. The noise is not only high 
in these components at the surface but is highly unstable 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 Observatoiy alongside more conventional long-period instruments 
in surface 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,OCX) 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 Ms ratios are so remote from the large arrays 
and from all but one of the stations of the Very Long Period Experiment that only

96— 466 0 — 73____ 5
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limited information can be obtained from these stations. In addition, some other 
promising criteria which might identify these events (e.g. Wadati’s method for 
determining focal depth using S-P [Ref. 5]) require high quality data recorded within 
several degrees of the source. Valuable as they are for most general seismological 
studies, data from standard WWSSN stations are inadequate to support the desired 
research. In particular, the stations do not have sufficient effective gain to 
record data from the low magnitude events of interest, and the photographic recordings 

are not suitable for the necessary computer analyses.
As a consequence of these considerations, and as an adjunct to the communications 

study and other studies related to the consideration of monitoring a test ban, the US 
is planning a program for selectively upgrading selected WWSSN stations. Sites would 
be chosen at locations where they can be expected to produce data needed for important 
investigations. Small arrays may be needed at a few locations to attain necessary 
defection thresholds and to assist in mixed event separation. Digital recorders will 
be needed for high dynamic range and efficient analysis. As currently envisioned, 
about 20 stations of the WWSSN might be improved with advantage. Planning is, at 
present, in the prcl i mi nary stages and hence cannot be reported to the Conference at 

this time.
Counter-Evasion Research

The principal objective of the research program into evasion techniques is to 
devise measures which can be incorporated into seismic verification schemes to detect, 
and thereby deter, possible attempts to test clandestinely. It is important to 
determine the quantity and character of seismic data which will sufficiently deter such 
testing and to design a seismic verification system which meets those specifications.

A number of new approaches to the evasion problem are being examined using spectral 
analysis of both long and short-period data as well as broadband signals. Further 
research on coda suppressions as a means of limiting testing opportunities is required. 
Performance comparisons need to be made for various beamforming techniques, filters, 
and spectral processors as a means of separating and identifying events. Continued 
work on short-period discriminants is required since this may prove to be the only 
useful positive counter-evasion approach at low magnitude levels. Network 
characteristics, particularly station location, may be able to reduce the likelihood 
of successful evasion by simulating an earthquake or hiding the explosion signal in 
the coda of a natural event. Research on these subjects is continuing.

♦
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Senator  Mis k ie . Th ank you. Mr. Fa rle y,  and your  full sta tem ent  
will he included in the record.

I would like to ask two or  thre e preli mi nary  questions and  give it 
hack a nd fo rth  to  Se nator Case.

ARG UME NT CON CERNING MU TUAL MORAT<IRIUM’s  LACK OF SAFEGUARDS

Fir st of all, you make a comment on the  first recommen dation of 
Senate Resolution 67, a mutual  mo ratorium , and  you make the  poin t 
that  such a morato rium  would  necessarily lack many o f the s afe guard s 
of a form al intern ational agreem ent .

Well , that  same argum ent  could have been used aga ins t the  mo ra­
torium of  1962; cou ld it not?

Mr. F arlev. I be lieve th ere  is some diffe rence  here.  As I hav e stressed 
in my sta tem ent , we are  cu rre ntl y in a situat ion  where the re is very 
clea r cut and  sharp  diffe rences as to an essential element of any com­
preh ensive test han—veri fica tion  provisions. We just  do n’t have a 
common bas is on which to proceed on a morato rium . 1 believe we were 
in a somewhat bette r situa tion in the  ea rli er  occasion.

Sena tor  C ase. Why, because it could  be detected in the atm osphere ?
Mr. F arley. Well, that was one princi pal  reason, and  the  o ther was 

that the re was a bette r focus as to what neg otia tion s we were going to 
att em pt to ach ieve bv the  limite d t est ban.

Se na tor  M i skie. There’s one issue involved here. Tha t’s verific ation . 
You mean you have to have agre eme nt in advance of neg otiatio ns as 
to how y ou' re going to resolve that  issue before  you begin negotia tion s 
for an agreement ?

Mr. F arley. (iiven the  very sh arp difference in the Soviet posit ion 
that no thing  beyond nati ona l means is required,  the  m ora tor ium  would 
be in (‘fleet to accept de facto  t he Soviet posi tion and suspend  the tests 
with no thi ng  beyond nationa l means of verif icatio n, and from th at  
base we could then  s ta rt  to negotia te an add itio nal  requirement  to sup ­
pleme nta ry onsite inspections.

Se na tor  Muskie . Th ei r pos ition  is no more immovable tha n ours;  
is it ?

Mr. F arley. If  we had a genuine  neg otia tion  we would find the 
answer  to t ha t question.

n o w  DO WE BEGIN GE NU INE NEG OTIAT ION ?

Se na tor  Muskie. How do we begin a genuine  neg otia tion ?
Mr. Farley. What we att em pt  every  y ear in the Geneva Conference 

and also in the New York discussion as well as in the  Committee of 
Ex perts , to which I ref err ed , to see if we can find some gro und  on 
which we can begin genuine  n ego tiations .

Se na tor  M uskie. Doesn't  someone have to take  an  ini tia tive in o rder 
to get  into  a genuine neg otiatio n ?

Mr. Farley. I thi nk  to have a genuine  neg otia tion  there has to be, 
an interest  in f inding  a solu tion , a real solu tion , on both  sides.

Senator  Mi skie. How can you explore that unless you 're actual ly 
in the  negotia tion s?



Is  the re a differen ce between the  in iti at ive to get  into the  ne go tia ­
tions  and  the  na ture  of  the  negotia tions  them selv es once th ey ’ve been 
laun ched?

Mr. F arley. We are no t h ere,  of  cou rse, in a s itu at ion where we need 
to find a for um  to jo in  in discussions of  th is  sub jec t. I t  is a m at te r 
which  comes up annu all y. Th ere  is a n op po rtun ity  to see if there is a 
basis for  beg inn ing se rious n ego tia tions.

Sena tor  Mus kie. M r. Fa rle y,  it seems to me th at  we’re not  so much 
in a forum  as we're in a ru t. If  we ha d proceeded  with th is kin d of 
rea son ing  in connection  wi th the Ch ina in iti at ive,  or the  Moscow 
initiati ve , those in iti at ives  would nev er hav e been tak en.  Pr es iden t 
Nixon de pa rte d from con ven tional  contacts  with Pekin g. Th ere were 
none a t al l, of  course .

You could  byp ass  them  and try  a dr am at ic  new way of es tab lishin g 
con tac t by sen din g Mr. Kissinger on secret missions.

Isn' t th is a m at te r o f sufficient importa nce and  ma gn itu de  to  s ugg est  
an in iti at ive,  es pec ially one th at 's  been tri ed  s uccessfully  before ? Th is 
is not  as irr at io na l or ris k- taking  as you might sugges t.

Mr.  F arley. Th is is a case in whi ch we go to  Geneva eve ry yea r. 
We do not need  an in iti at ive to do th at , to meet wi th tho Soviets.

Se na tor Muskie . On how man y occasions  in th at  yearl y jou rne y, 
Mr. Fa rle y,  have we gone with the  fee ling th at  th is  tim e, somehow, 
we're go ing  to get nego tia tio ns  sta rted  ?

Ha ve  they no t jus t become a routi ne  exe rcise in th is  obscure rhetor ic  th at  the pub lic n ever u nd ersta nd s?
Mr.  F arley. Thi s is our  ho pe e very year,  th at  th is  w ould  be the ye ar  

when  the  matt er  will come unde r serious  neg oti ation .
Se na tor Muskie . Well, it seems to me th at  the  na ture  of th at , the 

clim ate  of th at  de term inati on , is much like  the  rheto ric  we ge t before 
thi s committ ee eve ry year.  You have made vi rtua lly  the same stat e­
men t 3 years  runn ing,  the same cau tiou s, ca refu l, avo idance  of  risk approa ch  eve ry yea r now.

If  you appro ach Geneva in the  same fas hio n, I do n't  see much en ­
coura gem ent  fo r the hope  th a t a real  in iti at ive is be ing  c ontem pla ted .

Mr.  Farley. We are  de ali ng  here with mat ters  of  security sig nif i­
cance , with a m at te r where we feel th at  the security of the co un try  
req uir es an ade quate  ver ification arrang em en t, and we have not foun d 
the means to  discuss  w hat  we consider  an  essen tial  element, in t his . Th is 
seems to me not a rhe tor ica l approach , but  a resp ons ible  approa ch  to the  prob lem.

Se na tor Muskie . Well, we are  l ea rn ing these  days  th at  wor ds are n ot  
enough  to solve the problems,  th at  we need  action. Bo th sides  took 
pos itions 10 years  or  more  ago  an d we are  no t abo ut to bud ge from 
those.  We go throug h an annu al exerc ise of  rheto ric  in Geneva  bu t 
the re is no evidence of  any  response or  any wil lingness  to resp ond  to changes.

SIG N IF IC A N T  CHANGES  SIN CE 1 9 6 2

Let me ask you th is : W ha t do you th ink have been the  signif icant changes , if any-----
Mr. F arley. I am so rry .
Se na tor Muskie . Let me ask you t his : Wha t do you t hink  have been 

the  s ign ific ant  changes, if  a ny,  th at  have  tak en place since  196‘2 w hich
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ought to encourage us to believe that  the prospect s fo r agreement  may 
he improve d? Wh at are  the  encoura gin g chan ges that  have taken 
place ? The signif ican t changes.

Mr. F arley. Eig ht. I th ink  one would have to place  firs t the  very 
massive work  th at  has been done in impro vin g ou r un de rst an din g of 
seismic means o f detec tion and iden tific ation, the  e stablis hment  of the 
fact tha t it is clearly possib le on now theore tically understood pr inc i­
ples  to di scr imina te between e arthquakes and explosions . We ha ve been 
able to devise theory, techniques an d ins trume nts  wh ich,  when pu t into  
a sui tab ly designed  network, would  give  us an actual  ca pabi lity to 
detect  ear thq uakes o r o ther  events  and discriminat e at  levels at  which  
it was just, specula tion  in 1962-63 to th ink  we m igh t be able to detect 
and ide nti fy.

I thi nk  it is rele vant and  e nco ura gin g that  we hav e had pro gress in 
oth er areas of arms con trol  which  seems to us to mean that  one oug ht 
to lie ab le also to come to g rip s with th is problem and  work ou t a solu­
tion. I th ink  I would add , as one othe r relevant  con sidera tion , th at  I 
believe the  expectatio ns and hopes  from  peaceful  nuc lea r explo sions  
are somewhat  less high  tha n they were some time  ago, and  that  en­
courages me to thi nk  th at  that also is a problem  to which  we could 
find and  negotia te a s ati sfa cto ry  solu tion.  Th is is a case, of  course , in 
which not only  the two ma jor  nuclear powers bu t some of the  non­
nuc lear  stat es have some inter est also.

Sena tor  Muskie. Do you th ink  the development of sa tel lite  photo g­
rap hy  is a development th at  ou ght  to  be, taken in to ac count?

Mr. Farley. In our  e stim ates of wha t we can do and what we need 
for  verification we t ake  into  accoun t all our  means  of veri fica tion , yes.

Sena tor  Mi skie . D o you th ink th at  the negotia tion  of the  SA LT  I 
agre eme nt is also a sign ific ant  dev elopment th at  ough t to he taken into  
account?

Mr. Farley. Yes. I did not mention SA LT  when I said  very  s igni f­
icant progres s in disarm ament  in recent years. Th at is, o f course , the  
most important miles tone there. I th ink  it is sign ificant.

Senator  Musk ie. So we have  had three sign ificant  deve lopm ents  
since 1962 tha t ought to be taken into  account but  not  sufficiently to 
chan ge our position. Is  that  yo ur  pos ition  ?

Mr. F arley. It has not changed the view tha t some o nsite  inspection  
is required to supplem ent othe r nati ona l means of verif icat ion, that  
is correc t.

Sena tor  M i skie. So 10 years  of  p rogress  means we end up where  we 
were 10 veais  ago.

Mr. F arley. Un til  there is some read iness to neg otiate  on th is key 
issue we are  at an impasse.

DEGREE OF CHANGE REQUIRED TO CHANGE U.S.  POSITION

Se na tor  Musk ie. AVhat degree of signif icant change  would be re­
quired to budge us even an iofa from  th at  p osit ion?

Mr. F arley. I i ndicated in my s tatem ent, S enato r, th at  we cann ot at 
th is point say tha t the re is a s tage o f technical capabil ity  with nat ional 
means alone which when achieved  and dem onstrated would enab le us 
to dispense with onsit e insp ect ion.  The  rat ion ale  is somew hat dif fer ­
ent.



67

Senator Musk ie. 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, T have been 
agin every one of  them.”

Mr. Farley . 1 hope you are not implying. Senator, that T was 
against all the improvements or against any o f  the arms control agree­
ments which we have made.

Senator Mvsk ie. 1 just assume you represent an official position 
and it is that official position that I am questioning, not you. Mr. 
Far ley-----

Mr. Farley. Yes.
Senator Mvs kie. For whom I have a great deal of respect. But in 

order to explore the position. I have to direct questions to you.

HA VE  WE  TA BL ED  SI’ECIE IC  PROPOSAL  AT  GE NEV A?

Have we tabled a specific proposal at Geneva?
Mr. Farley. What we have done annually is present our concept 

of the basis on which a negotiation should proceed and agreement 
be negotiated. We have not tabled a specific t reaty text.

W H E N  ARE WE  GO ING TO TA K E AN IN IT IA T IV E ?

Senator Mvskie. When are we going to take an initiative? Yon 
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 ?

Air. Farley. I have not, and I am sorry if I have used the pronoun, 
I should 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, full y on our record against that 
criterion. I have indicated why we do not believe the specific initiative 
of a moratorium would be constructive 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. Farley. The principal initiative which we have taken, and 
we have been the ones who have made the overwhelming preponder­
ance of tin* contribution, has been in actually  resolving in practice 
tin* question of how one would carry out the seismic monitoring of a 
comprehensive test ban.

Senator Mvsk ie. Dow can you consider that much of an achieve­
ment it it does not result in any change in our position?

Mr. Farley. Well, we do not believe, Senator, that our position is 
the only one which it is required to change in this situation.

Senator Mvsk ie. If both parties take that view, we are not going 
to get any change in either position. Are we?



68

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 unders tanding 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 tha t the initiative should consist of g iving it up.

Senator Muskie. But we have taken no diplomatic initiative in the 
last 10 years pursuant to the responsibility imposed upon us bv the 
Limited Test Ban Treaty and the Non-Pro liferation  Treaty.  Is tha t 
right ?

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

Senator Muskie. In answer to my question, have we taken a diplo ­
matic in itiative, your answer, therefore, is no.

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

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

M r. Farley. We have taken a position every year by stating our 
position to proceed promptly to a comprehensive test ban adequately 
verified.

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

Mr. F arley. As I explained our major problem, which seems to 
be the one which stands between us and getting th is matter out of its 
present unfortunate situation, is verification. We are making a major 
effort to try to resolve existing difficulties, 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.

M EA N IN G  OF  MR . K IS SIN G ER 'S  ST ATEM ENT CO NCE RNIN G IN SP EC TI ON

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. F arley. In what?
Senator Muskie. Diplomatic terms. 1 want to get away from this 

unilateral  technological program of ours. When he said, “We are 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. Farley. 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. 1 am sure he was not
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unaware of the possibility that using th at word might imply th at  our 
position was flexible enough to be subject to change. I)iJ  he mean 
that?

M r. Farley. 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. F arley. Because we believe that the reasons which led us to 
that  position remain r ig ht ; yes, sir.

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

Senator  Case, you may take over.

RE CE NT  DEFE NSE  D EPA RTM EN T IN IT IA T IV E  CONCER NIN G SEIS M IC  NE TW ORKS

Senator Case. Mr. Farley, in regard to your statement, you say t ha t 
“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 throughout the world. Is tha t your understanding?

Mr. F arley. That is my understand ing.
Senator Case. Then this is perhaps  a move in the direction of meet­

ing that particula r point ?
Mr. Farley. It  is a move in that direction, yes.
Senator Case. Are you hopeful tha t it can be carried to the point 

where this partic ular  second point of yours will no longer be a factor?
Mr. Farley. I would like to give you a brief answer and then ask 

Dr. Evernden if he would either  correct or stand with what I say, but 
it is my understanding tha t the pr incipal activity  now sponsored bv the 
Defense Department through ARP  A [Advanced Research Projects  
Agency] could be best thought  of as constructing and operat ing 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, strict ly speaking, designed in themselves 
as a seismic network designed to carry  monitoring capability  to the 
level that I referred to in this sentence. Tha t would require something 
deliberately designed and deployed for tha t purpose rathe r than for an 
experimental purpose. But I wonder if I could ask Dr. Evernden-----

Senator Case. I would hope to have tha t, but I would like to make 
this point. As you know, last year I introduced legislation which 
would have had the effect of tran sfer ring  this function from the 
Defense Department to your agency. You resisted it, the Defense 
Department resisted it. But I had hoped tha t 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 von are the ones most interested, and having the primary 
responsibility for application 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 capacity 
but rathe r to something else. The reason I interrupted  you and made 
the point is that  your answer a bit skidded off in tha t direction. That 
it was not going to be very helpful for this purpose.

Mr. Farley. I am sorry if it was misleading.
Senator Case. What ?
Mr. Farley. 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 putt ing 
in place equipment that might be effective for this purpose.

Mr. F arley. Well, they certainly  make a contribution. They are 
good stations. These are good s tations, and they improve our capa­
bility.

Senator Case. They do.
Mr. Farley. Yes.
Senator Case. You are clear about it. I 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.

W II Y  RU SS IA NS CH AN GE D T H E IR  PO SI TI ON

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. F arley. That is true. At  the time of negotiation of  the Limited 
Test Ban Treaty, as I recall the ir position, they were willing to accept 
three sta tions on their soil and three annual onsite inspections. Shortly 
after the conclusion of the Test, Ban Treaty  they announced tha t the ir 
position was that national means were adequate and these additional 
measures were not needed, and they have adhered faithful ly to that  
position ever since. 1 am very humble about speculating on Soviet mo­
tives, Senator.

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

Mr. Farley. No, I do not know of such a reason.
Senator  Case. Or was there any sort of thin g tha t you imagined 

may have happened?
Mr. F arley. 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. Farley. 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 dip lo­
matic discussions in Geneva although, interestingly enough, not the 
discussions of seismic experts. So this seems to be s till an objective 
of thei r policy.
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Senator  Case. It is a stated objective at least.
Mr. Farley. Tha t is right.
Senator Case. As it is a stated objective of ours, stated again in your 

statement th is morning.
Mr. Farley. Tha t is correct.

FEE LIN G  IN  U .S . GOVE RN M EN T ABOUT EN D IN G  AL L TES TI NG

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 activ ity, 
and so forth  ?

Mr. Farley. I  think the way I  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, 
tha t there is more to be learned by nuc lear testing, tha t nuclear test­
ing is necessary even if you are going to have effective continued 
laboratory work. That there are specific applications of improvements 
in nuclear weapons technology which one can now foresee, and tha t 
beyond those there is always the uncerta inty, but the possibility, that 
something more novel, more unpredictable might turn up, and there 
is generally, I think,  a feeling tha t 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 a fter weighing them—that, provided the 
other fellows give these up too, we are prepared to give them up, but  
we are giving something up.

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

Mr. Farley. That  was about the phrase I used and I hope I won’t 
be asked to push it  any fur ther than that.

Senator Case. No. But would you say that the same statement could 
be made in regard to the belief in the desirabil ity o f achieving a com­
prehensive test ban trea ty—tha t there are varying degrees of fervor 
with which tha t is held?

Mr. F arley. I th ink tha t is undeniable.
Senator  Case. I t is almost an axiom to say that. You wouldn’t want 

to say it was trite  ?
Mr. Farley. I would say tha t with respect to any human being.
Senator Case. Who would hold the  high sense of urgency about the 

desirabi lity of a comprehensive test ban trea ty.
Mr. Farley. I 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. F arley. You submitted your statement for the record without 

reading it.
Senator  Case. I  am ta lking about the executive branch. [Laughter.]
Mr. F arley. As I  said, in genera l, our exercise is one of looking very 

carefully at the pros and cons and balancing them, rather than the
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mattei- o f trying  to settle the thin g by fer vor and argument, so I  don’t 
know that I can respond usefully to that  question.

Senator C ase. If  everybody is goin g to be a judge, nobody is goin g 
to be a prosecutor.

Mr. F arley. “A dvo cate," I th ink,  is the word.
Senator C ase . We ll, advocate is another way of pu ttin g it. Yo u 

know it was alw ays  my hope that you r agency was going to be an 
advocate. I)o you have an adv ocate ’s div ision in your agency ?

Mi-. F arley . I think generally,  Senator, we consider it part of  our 
respo nsibi lity to see-----

Sena tor C ase. I am not pla yin g with words, you know. I feel very 
seriously  about this.

Mr. F arley . I was goin g to give  you a serious answer. I think we 
consider part of our responsibili ty to see, in this  assessment o f pros and 
cons, that the pros, all of them, are fu lly  advanced and that the rea­
sons why they should be given  weigh t are presented as fu lly  and as 
for cef ull y as possible.

L A C K  OF AD VO CA CY  OF  CO M PR E H E N SIV E  TE ST B A N

Senator  C ase. It has bothered me for  quite some time. Yo u always 
come up here with this balanced position— not th at I object to balance. 
I suppose the older I get, the more Burkean I become concerning 
a l>elief in balance. But someone has to be the advocate , and I don’t  see 
it in the agency. I think  the very fac t that  you are give n 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 I do suggest that something is lack ing, and I wish I 
knew how to provide  it. Th is isn't said in personam at all. I agree with 
what Senator  Muskie said, that you are a great guy and tha t you 
are under wraps.

I used to think  if I were g oin g to go into this as a lifelo ng  special ty 
I would want to get into the Arm s Control Agency. I know that many 
young people went into it with this in mind. Now this outlook has 
changed and AC11)A is now a “ balanced view operation ,’' a kind of  a 
bureaucracy which keeps things from exp loding and presents the ad­
ministration point of  view to the public.

Mr. F arl ey. Well . I am a littl e troubled by the record tha t is be ing 
made. It seems to me, and it is impo rtant , to draw a distinctio n between 
advocacy of  an official position such as we have presented here this 
morning and advocacy of  positions within the execut ive branch which 
is where we spend most of our days and hours. An d I think one has 
to ask  whether there is g ain or loss if  one estab lishes an agency which 
is committed to be simply an advocate for an almost preestablished 
position on any issue. We would not then have the Arm s Control 
Agency speaking to you today, and, as I say, I am not sure whether 
you would, from you r point of  view, find that to be a gain  or a loss. 
I do not accept you r statement about attitude among youn g people 
comin g to work in ACD A. We  alw ays have more absolu tely first-rate 
young people who want to w ork for  us than we can take on. So, on just  
those two points, I did want to say something to comment on your 
remarks.



73

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. 1 still mainta in it isn’t the agency I  thought we were creating, 
and I don’t know what to do about this.

I)r. Evernden, do you have something that you would like to develop 
while we are waiting for Senator  Humphrey? Or do you want 
questions?

Dr. Evernden. What is your desire?
Senator  Case. Draw your microphone a little more close to you, 

please.
ROLES OF ACDA AND DEFENSE DEPAR TMENT

Mr. F arley. Could I come back to one observation you made which 
I 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
ticula rly 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 i f 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 ARPA 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 I 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 contribut ion to resolution of verification 
issues.

Senator Case. Surely. And just to fur ther explain my own concern, 
might I say that. 1 have the feeling that  while your agency and the 
Defense Department are going to make progress and move in the r ight  
direction, you are never going to achieve the objective.

Mr. Farley. I think, Senator, I have said enough in the earlie r ex­
change with Senator  Muskie so tha t my views are on the record.

Senator Case. Yes.
Dr. E vernden. Well, then-----

PRE SEN T SE ISMIC CAPABIL ITY  COMPARED TO 10 YEARS AGO

Senator Case. Dr. Evernden, would you compare the present state 
of seismic capability with tha t of 10 years ago when we got the limited 
test ban trea ty ?

Dr. Evernden. Well, I  think it is fa ir to say that over that 10-year 
period we have essentially t ransformed our unders tanding 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 (lone. 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 he deemed an enthusiast on this by some, but I firmly feel-----
Senator Cask. You have to have a balanced view. [Laughter.]
I)r. Evernden. That is right. 1 feel it is a balanced view—tha t 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 th is, of course, from the point of view 
of some, is th at it does not lead to an identification capabi lity to some 
arbitrar ily low level based on arb itra ry 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 tha t support this general 
view, critical studies?

Dr. E vernden. 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 tha t number of unidenti­
fied events i f we had the light  to deploy within the Soviet Union 15 
or 20 simple seismic s tations. We do not now have that right.  We do 
not now know whether tha t right is negotiable but it is one technical 
solution 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 U.S.S.R. It brings other assorted benefits also 
which I can go into if you wish.

Senator Case. I can certainly accept this if it is true.
Dr. E vernden. The fundamental problem is that the E arth 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. Bai l ing by externa l-----
Dr. Evernden. Yes; when you are too far away, that is right. One 

of the-----
UN MA NN ED  SEISM IC OBSERVATORIES

Senator Case. What about this black box business '?
Dr. Evernden. Well, that is another name for what we call un­

manned siesmic observatories.
Senator Case. Unmanned.
Dr. Evernden. Yes.
Senator  Case. Don’t these observatories present a real possibility of 

the solution to this problem ?
Dr. Evernden. It presents a technical solution down to a lower 

signal level than we can get at present.
Senator Case. I am sure that  is a fair  statement and I am sure no­

body would question that.
Dr. Evernden. That is right.
Senator  Case. But does it go far enough fo r practical purposes?
Dr. Evernden. Well, the answer to that is outside seismology. It  

will certainly get you essentially all magnitude 4.0 events and it will
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ge t you many som ewhat  lower th an  th at . Now whether th at  wou ld be 
enough is somebody else’s decision.

Se na tor  ( 'ask. E xcuse me, just to be sure I unde rst an d, will th is no t 
only  det ect  such eve nts  but  tell  wh eth er it is n atur al  o r man-explode d 
events ?

I)r.  Evernden. In the  case of overcomin g backg rou nd noise , it will  
tell  wheth er they are  explo sion s o r earthquakes. Even again st th is  sy s­
tem the re mi gh t be an occas ional  problem  wi th de libera te evas ion,  in 
the neighborhoo d o f  ma gnitude  4.0. There  mi gh t be occasional doubt, 
but it would n't be ve ry often.  But  w hat  t his  would  do would m ake eva­
sion at ma gnitude  4.0 a ve ry difficult task .

Se na tor  Case. An d th is system would cove r Russ ia fa ir ly  ex ten ­
sive ly, fa ir ly  co mp reh ensiv ely '!

I)r . Everdex. Tha t is rig ht . One of  the  con ditions  we have to make 
cle ar is t ha t the  seism ological capabil ities th at  I att ach to such  a ne t­
work assumes th at  the sta tio ns  have been deploye d as I or some othe r 
Am eric an,  us ing  “ I” here  as an Am erican  seism olog ist, as I would 
deem req uir ed to do the task. They have to be where  you need them  
to do the job;  they have to be of a ce rta in  qu al ity ; and they have to 
be of gu ara nteed rel iab ili ty  in the  sense th at  you can be sure th at  the 
da ta  you get from the m are  val id da ta.  Th is, in the  past, has  been 
somewh at of a pro blem wi th USO ’s [U nm anned Seismic Ob serva­
tor ies].

In  th is con tex t. AC DA  rece ntly  com pleted a fea sib ilit y stu dy  as to 
wh eth er a more  tampe r res ist an t, reli abl e US O could be des igned 
based on pre sen t techno logy, and the  ups hot  of th at  fea sib ilit y stu dy  
was that  it does seem th at  such  a sta tio n can be developed . A R P A 
has,  w ith its g reat er  moneys than  ours , picked up the  ba ll on th at  s tud y 
and is fund ing develop men t of some of  the  com ponents that  were de­
fined in t he AC DA  fea sib ili ty study. So we col lect ively do feel. I mean 
both ARPA  and AC DA , th at  these most ce rta inly  cou ld play a sig ­
nific ant role, and a very  im po rta nt  role, if  they could be pro perly  de­
ployed  in prop er  numbers with the  propel- capabil ity , with the prop er 
assurance  of da ta rel iab ili ty.

RU SS IAN A T I' IT l DE TO WA RD USE  OE V X JIA X X E I)  DET ECT ION’ 
IN STRU M EN TS

Se na tor  C ase. Could  I ask Dr. Earley at th is time what the  Rus sian 
at tit ud e tow ard  poss ible use of these unm ann ed detect ion  in st ru ­
ments  is.

Mr.  F arley. The ir  sta teme nt  of th ei r pos ition on an ything  going  
beyond nat ion al means o f ver ification op erat ing outs ide  t he ir  te rr ito ry  
has  been th at  they do not believe it is needed. They have  not,  to my 
know ledge, spec ifica lly add res sed  and refu sed  the  concept of  blac k 
boxes but, as I ind ica ted  ea rli er , the y have  refused to engage in tec h­
nical  discussion of how you make eit he r nat ion al means o r suppleme n­
ta ry  mea ns such as these seismic obs ervato ries  prac tic al or  wha t th ei r 
capabil ities  would  be. So you have  rea lly  ma inly a body  of  eit he r 
absent or  neg ativ e but not conc lusive evidence , and  since it seems to 
us not conc lusive, it seems to  us worth  th e e ffort to prove th is t echnique 
out and  have  i t ava ilab le.
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Senator Cask. I certainly want to encourage yon as strongly as I can 
in that direction.

Have you anyth ing further that you want to put into the record, 
either of you? If you have you can send it up on reflection when you 
have a chance to look at the transcr ipt.

Mr. F arlky. I don't believe I have anything to volunteer at this 
time.

SIG N IF IC A N C E  OF  RU SS IA N A BIL IT Y  TO TE ST  BELOW DE TE CT ION 
THRESH OLD

Senator ( 'ase. dust one second. The start' has suggested, and I would 
like very much to have this on the record and ask Dr. Evernden how 
significant it would be if the Russians could test Inflow a detection 
threshold.

Dr. Evernden. 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 testing below a, say, 4.0 threshold. I can 
tell you what systems it will require if  you would like that  capability.

Senator Case. (Io ahead.
Dr. Evernden. I mean I can tell you how to build networks to give 

you a capabil ity to detect magnitude 4.0, but I have no competence for 
telling you the significance to the Russians for testing Inflow that  level.

Senator Case. Is there anyth ing else before I surrender this rare 
occasion on which I am chairman of the committee? [Laughter.]

IM PO RT AN CE  OF  TESTIN G FOR PE ACEF UL US ES

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

Mr. F arley. I don't believe. Senator, that I can really go beyond 
what I said earlie r: namely, tha t I think expectations are somewhat 
more modest now. I should add one thing, and that  is that one country 
which has a particu lar active program in this field of use of nuclear 
explosions for peaceful purposes is the Soviet Union. Thei r 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 comprehensive test ban agreement.

Senator ( 'ase. Are they getting anything out of it? What are they 
doing?

Mr. F arley. They seem to believe so. They use it for—they have 
tried excavation projects in the past, they have tried, as I understand 
it, using nuclear explosions for snuffing out gas well fires. They have 
had other explosions for crea ting cavities for storage purposes, and so 
forth. I am probably omitt ing 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 Case. It  is still going on.
Mr. F ARLEY. O i l ,  y e s .
Senator  Case. And they are able to operate without violating the 

test ban treaty.
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Mr. F arley. That is correct. It is required that  they conduct con­
tained explosions, hut 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. F arley. I don 't feel I am that  much of an expert. There seems 
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 arc 
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. Evernden. 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 Humphrey [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 suppor ter of it.

U N ID E N T IF IA B L E  EARTHQUAKES GI VE N BEST PO SS IBLE  SE IS M IC  
DE TE CT IO N U N IT

Fir st, it is quite evident, I gathe r from what has been said here, 
that there is testimony to the effect th at seismic detection is a greatly 
improved science. Is that  correct, Dr. Evernden?

Dr. Evernden. Yes, sir.
Senator Humphrey. Given the best possible seismic detection n et­

work, could you give us any idea of how many unidentifiable ear th­
quakes might be expected per year within the Soviet Union?

Dr. Evernden. The best possible estimate has to be sort of qualified 
and then magnitudes a ttached. I 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 so un i­
dentified events of magnitude 4.0 or greater pe r year. If  a far  simpler 
network were deployed outside the Soviet Union but, as was men­
tioned earlier , 15 or 20 black boxes or USO's were deployed within the 
appropria te areas of the Soviet Union, the number of unidentified 
events at 4.0 could be made, I think, essentially zero.

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

Dr. Evernden. Yes.

NUM BE RS  OF  US O’S RE QU IRED

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. One 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 I  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 deco uplin g could he done in numer­
ous media and that one had to have a cap ability of  seeing events of 
magnitude 3.0 or less everyw here within  the S oviet Union.

The state of  understanding toda y on that is— I believe everybo dy 
would agree— that the construction of  cavi ties adequate for  de­
coupling even several kilotons is only possible in salt dome areas and 
is not possible in gr anite masses. Therefore, the monitoring equipment 
to discern these smaller magnitude events need only be deploy ed in 
salt dome areas. 'These areas are very  restricted and there are no 
earthquakes in the salt dome areas of  tin* Soviet Union. Th is is a 
matter of  historical knowledge as detection of a seismic event in a 
salt dome area constitutes identification as an explosion. The refo re, 
the real problem may be diff erentia ting  a small tamped chemical ex­
plosion from a decoupled larg er nuclear explosion. 'These two facto rs 
of  local izatio n of  critical areas and ease of  identification as an exp lo­
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.

POSS IB IL IT Y OF EST ABLIS HIN G NETW ORK M IN IM IZ IN G  U .S . RIS K

Senator Humphr ey. Are  you of  the opinion then that a network  
could be established that would minimize any risk to the United 
States if  we were to enter into a comprehensive test ban t reaty ?

I)r. Evernden . If hav ing the detection identification capab ility to 
4.0 or a bit below— below 3.0 in salt dome areas— would meet that 
stand ard, why, yes. But I don't know whether it meets that standard.

Sena tor H umphrey. Y ou are speaking now of  the threshold so to 
speak. Is that correct ?

Dr. E vernden. I mean, you have the national secu rity  context in 
your question, sir?

Sena tor H umphr ey. Yes, sir.
Dr. Evernden. And all I can do is specify  as to what kind of net­

work I can build, the auth ority  to do it.
Sena tor Humphrey. Wha t do you think the degree of  risk would 

really  be?
Dr. E vernden. I am a fraid I am here as a Government seismologist.
Senator Humphr ey. Pardon.
Dr. Evernden. I am afraid  I am here as a Gover nment seismologist. 

For  e verybody, yours  is a very subject ive question and I don't think I 
can say  anyth ing that would be useful .

U .S . C A P A B IL IT Y  OF P O L IC IN G  C O M P R E H E N S IV E  T E S T  BAN

Sena tor Humphrey . Fina lly , are we capable of  policing  a compre­
hensive test ban using only national means of verificat ion and not in­
volving  equipment on Soviet  terr itory?

Dr. Evernden. I fear  that that question should be asked at another 
time to somebody else or maybe Mr. Farley can answer that better 
than I.

Mr. F arley . 1 didn't mean to interrupt.
Sena tor Hum phr ey. Please go ahead, Mr. Farl ey.
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Mr. F arley. I have testified th at it is our view th at 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 Humphrey. Our national seismic, but what about other 
nationals? What if you could enter  into agreements with, for example, 
the Scandinavian countries, Iran, or Outer Mongolia?

M r. Farley. Now some of the s tations which we fund are operated 
by other countries. For instance, the NORSA R station is operated by 
Norway but funded in large part, conceived and designed and operated 
in accordance with conditions established here. I think that is a very 
practical means. It does seem to us importan t, as I)r. Evernden indi­
cated in talk ing about the unmanned seismic observatories, that  their  
location, thei r adequacy, their  method of operation be in accordance 
with U.S. standards and criteria, if they are to serve the purpose that  
we would place on them.

Senator Humphrey. Yes, I am not disputing  you on that point. The 
point I am get ting at is if those standards or i f the equipment meeting 
U.S. standards were strateg ically  placed in lands of other countries 
outside of the Soviet Union, would it be possible to monitor effectively 
a comprehensive test ban treaty?

I)r. Evernden. Sir, our understanding of na tional means, is that it 
is all means available to us.

Senator  H umphrey. Yes, sir.
Dr. E vernden. It does not mean means deployed within the national 

boundaries of the  United States.
Senator  H umphrey. I understand.
Dr. Evernden. So when we say a capability by national means, it is a 

capabil ity based on assumed capability of stations  in most of the areas 
you are addressing.

Senator Humphrey. Then your conclusion is what?
Dr. E vernden. So, the conclusion I gave before was tha t 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 ident ifying  by seismological c riteri a 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 Humphrey. Thank you very much.
We thank you both, very much.
[Questions submitted to Dr. Evernden and his responses follow:]

R espo n ses  to Qu estio n s  Subm it te d  to D r. E ve rn de n , ACD A,  by Sen at or  
Mu s k ie  for  t h e  R ecord

Question 1. (a) Couhl you provide specific inform atio n as to the portions of 
the Sov iet Union in which there is lit tle  or no seismic ac tiv ity  that might  com­
plicate explosion detect ion? (b) Could you pinpoint the areas of greatest proba­
bilit y of natura l seismic ac tiv ity  and discuss the various means of differen tiating 
between na tural events and exp losions in these specific areas?

Answer. The attach ed outline map taken from the testim ony by Dr. S. J. 
Lukasik  in hearings before the Subcommittee on Research, Development, and 
Rad iation of the  JCAE, October 27 and 28, 1971 (Chart 26, page 60 )1 indicates

1 A tt ac hm en t No. 1.



th e se ismic  region s of  th e  U.S .S.R. I f  t he  fo ur m ajo r se ism ic  regi on s on th a t map  
are  nu mbe re d 1 to  4 from  w es t to  ea st , th e lev el of  se ism ic ity in ea ch  is  ap pro xi­
m at ely as  fo ll ow s:

Region

Percent
U.S.S.R. Number of Number of
seismic of mb >5 .0 of mb >6 .0
activity (per  year) (per year )

1 ...........................................................................................................................  7 2 0.22 ............................................................................................................................ 8 3 .33 ' .........................................................................................................................  4 1 .1
4....................................................................................................................................... 74 25 2. 0

■ Includes area of scattered epicenters west o f region 3 of  chart 26.1

Sak ha lin Is la nd , on th e  wes te rn  edge  of  th e Sea of Okh otsk , in cl ud es  ab ou t 
6 pe rc en t of  U.S .S.R. sei sm ic ac tiv ity , w hi le  th e broa d zon e in di ca te d on chart  
2 6 1 as  ex te nd in g nort hw es t from  th e  Sea of Okh otsk  incl ud es  ab out 1 pe rcen t. 
All ot her  region s of  th e U.S .S.R. a re  es se ntial ly  asei sm ic , th a t is, th ere  is li tt le  
or  no se ismic  act iv ity  t o c om pl icate s ei sm ic  ve rif icat ion.

The  an sw er  to  th e la s t pa rt  of  Que sti on  1 de pe nd s upon  pr ec isely w hat  in fo r­
m at io n is de si red.  I wi ll pr es um e th e (p ies tio n to be a re qu es t fo r a ge ne ra lize d 
di sc us sion  of  th e  in te rr e la ti onsh ip s of cri ti cal ch ar ac te ri st ic s of  eart hquakes of 
th e se ve ra l region s a nd  g en er al ized  i de nt if ic at io n cri te ri a .

Re gio n 1. Ca uc asus— E ss en tial ly  a ll  e art hquakes in  th is  a re a  ha ve  d ep th s of l es s 
th an  70 km. Mo st a re  les s th an  50 km an d nea rl y al l ha ve  dep th s g re a te r th an  15 
km.  The re fo re , de pth of  focu s det er m in at io ns m us t be of high  qu al ity . Sin ce no 
eart hquak es  in  th is  are a  ha ve  ap pe ar ed  an om al ou s (pos sib ly  be ca us e th ere  ar e  
es se nt ia lly no st ri ke -s lip  ea rt hquak es  in  th is  a re a ) , det er m in at io n th a t an  e a rt h ­
qu ak e is  w ithi n th e cru st  of th e eart h  ( th a t is, de pt h les s th an  or  eq ua l to  50 
km .) is pr ob ab ly  ad eq ua te  sin ce  M„ :nh> s ho ul d su cc es sful ly  id en ti fy  su ch  shall ow - 
fo cu s ev en ts.  F ir s t mo tio n, an d lon g per io d cri te ri a  o th er th an  M» :m h (Love 
wa ve , co mpa riso n of det ai ls  of  Love an d Ra yleigh  sp ec tr a)  a re  al l ve ry  useful  
if  th e da ta  a re  ob ta in ab le . Du e to  th e in te rp la y  of th e nat io nal  bo un da ries  of 
th e U.S .S.R..  th e source  mec ha ni sm s of man y of  it s ea rt hquak es , an d th e loc a­
tion s of th os e ea rthi pi ak es , fi rs t mo tio n is a la rg ely useless cri te ri on  fo r a ver i­
fic ati on  ne tw or k ex te rn al  to th e U.S .S.R.

2. Tas hk en t,  etc .— Th e si tu ati on  he re  is  quite si m ilar  to  th a t in th e Cau ca su s 
ex ce pt  th a t a few deep  ev en ts  oc cu r alon g th e so ut he rn  po rt io n of  th e reg ion .

3. Ir k u ts k  to  K az akh — Many of  th es e ea rt h ip ia kes  appea r to  be ve ry  shal low
(20  km or le ss ),  w ith  dep th s fo r som e ev en ts  re ac hi ng  50 km or  so. T his  mea ns  
th a t ve ry  ref ine d pr oc ed ur es  of  de pt h de te rm in at io n a re  re qu ired . In  ad di tion , 
in fr eq ue nt  an om alou s eart hquak es  apit ea r to  be ixi ssible  in th is  ar ea . Ref ined  
de pt h det er m in at io ns may  be re qu ired  to  id en ti fy  such  ev en ts  p ro pe rly.  For  mo st 
ev en ts , Ms :m b or  ot her  lon g iie rio d c ri te ri a  m us t be th e ba si s of  id en tif icat ion if 
ac cura te  d ep th s a re  no t av ai la bl e.

4. K am cha tk a / K ur il es — Here, th e in te rp la y  of  loca tio n an d de pt h of  f oc us  c re ­
ate s a m ar ke dl y di ff er en t si tu at io n. The  c ap ab il ity to lo ca te  a n eart hquake  w ith in  
15- 20 km. of it s co rr ec t loca tio n,  plus  th e abil ity  to  es ta bl ish dep th s as  g re ate r or 
les s th an  50 km.  wil l su cc es sful ly  id en ti fy  nea rl y al l eart hquakes in th is  ar ea , 
sin ce  su ch  sh al low foc us  ev en ts  are  in mo st ca se s tens  of  ki lo m et er s a t sea . Th e 
sm al l re sidu um  of  ev en ts  co uld be iden tif ied by mor e ac cura te  de pths , plus  
Ms  :m b an d o th er lon g pe rio d cr it er ia .

Sakhali n  Is la nd .— Bo th  ve ry  de ep  eart hquakes an d qui te  sh al lo w  ev en ts  occur 
in th is  are a. Th e fo rm er  a re  iden tif ied by th eir  de pths , th e la tt e r mus t be id en ti ­
fied by long  pe rio d cri te ri a  if  ve ry  ac cura te  de pt hs  ca nn ot  be ob ta in ed .

1 A tt ac hm en t No. 1.
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Que st io n 2. (« ) IF fta t is th e fe asi b il it y  o f de coup led  ex plos ions  in  ca vi ties  
w ith in. the So vi et  Un ion ? (b ) Can  ca vi ties  be co ns truc te d in sa lt  de po si ts  or 
an yw he re  else in  su ffi ci en t si ze  to be us ef ul ? (c ) Arc  sa lt do mes  or ot he r na tu ra l 
or man mad e ca vi ti es  loc ate d in  se ism ic  ar ea s in the Sovi et  Union? (d ) I f  so, 
wh ere?  (c ) Is  th er e a. d iff er en ce  in  de co up lin g fa ct ors  be tw ee n mine ca vi ties  and 
ca vi ti es  mad e by ex plos ions ? ( f )  W hat ha s ou r re search  de m on st ra te d as  to  th e 
fe a si b il it y  o f de te ct in g and id en ti fy in g  decoup led  ex pl os io ns  in sa lt  dome s?

An sw er . Thi s qu es tion  is und er st oo d to ad dre ss  w hat  a re  te rm ed  “f ul ly  de ­
co up led” ex plo sio ns .

(a )  Thi s is a sim ple qu es tion  in one co ntex t, a dif fic ul t one in an ot he r.  I t is 
ce rt a in ly  fe as ib le  fo r th e So viet s to  de coup le so m et hi ng  like  a 1 ki lo ton ex plo­
sio n by min ing suf fic ien tly  la rg e ca vi ties . Du e to  un iq ue  and unev al ua te d en gi ­
ne er in g a s s e t s  of co nst ru ct in g la rg e fr ee st an din g ai r- til le d unde rg ro un d ca vit ie s 
(i.e.,  se ve ra l hu nd re d fe et  in d ia m ete r)  of co nt ro lled  sh ap e,  it  is  my pe rs on al  
op inion th a t no de fini tiv e an sw er  as  to th e fe as ib il ity  o f  min ing ca vi ties  ad eq uat e 
fo r fu lly  de coup led  ex plos ions  of  even 10 ki lo ton ca n be made. In ve st ig at io ns of 
which  I ha ve  kn ow led ge  in di ca te  a min im um  co nd iti on  fo r co ns truc tion  of  su ch  
cav it ie s is th a t th e ca vity  mus t be in a la rg e ho mog eneous  sa lt  mass. Th e un­
ev al uate d para m ete r is th e be ha vi or  of  na tu ra l sa lt  mas se s wh en  su ch  la rg e 
ho les  a re  ge ne ra te d w ithin  them . Stron g di fferen ce s of  op in ion exis t wh ich  ha ve  
re m ai ne d un reso lved  fo r ye ar s a s  no one has  ev er  a tt em pte d to  bu ild  ho les  of 
re le va nt  di am eter . Fea si b il ity  of  co nst ru ct in g ho les  ad eq uat e fo r fu ll de co up lin g 
of  10 ki lo ton ha s no t l»een dem onst ra te d.  Ho les  fo r de co up lin g ex plos ions  as  
la rg e a t 50 ki lo ton or mor e appear a t th is  tim e to  be in feas ib le .



(ft)  Ag ain , on e m us t defi ne us ef ul . If  one co ns id er s ho les  ad eq uat e fo r de cou­pl ing 1 ki lo ton ex plos ions  (20 0-foo t d ia m et er s)  to  be us eful , the an sw er  to  the qu es tio n is pr ob ab ly  yes.  If  1(1 ki lo ton is th e de fin ition  of us eful  (h ol e d ia m et er  re qu ired  is 425 fe e t) , th e qu es tio n is fa ctu all y  un an sw er ab le . See  (n ) above .(o)  As re gar ds sa lt  mas ses us ef ul  fo r bu ildi ng  la rg e ca vi tie s,  st udie s in di ca te  th a t homo geneous sa lt  masses fo ur to  five tim es  la rg er  in all  di m en sion s th an  th e d ia m et er  of  th e hole to be mad e are  re qu ired . Most sa lt  m as se s show n on the at ta ch ed  chart  fro m th e hea ring s re fe rr ed  to  in ip ies tio n 1 above (c hart  24. page 5(5)-' ar e us eles s as  si te s fo r const ru ct in g la rg e ca vi tie s.  Th e mo st te ch ni ca lly fe as ib le  plac e is th e ar ea  of  ve ry  la rg e sa lt  dome s a t the no rth end of th e ('a sp ia ii Sea. Sm al le r sa lt  dome s oc cu r in th re e or  fo ur ot he r sm all  are as , hu t use of th es e in cl an de st in e te st s wo uld  ap pe ar  to  pos e pro blem s no t pr es en t in th e ar ea  nort h of th e Cas pi an  Sea.  Com pa ris on  of  th e at ta ch ed  chart  with  th a t re fe rr ed  to in ip iesti on  1 in di ca te s ab senc e of na tu ra l sei sm ic ac tiv ity  in an y of th e sa lt  dom e are as of th e I'. S. S. R . Detec tio n of  a se ismic  ev en t in th es e are as co nst it u te s iden ­tif ic at io n as  an  exp los ion . As re gar ds n a tu ra l ca vi tie s,  th er e do no t appear to  he an y th a t wo uld  he useful  fo r cl an de st in e te st in g.
(d ) See  (c ).
(e ) D at a av ai la bl e on th e Cow boy se ries  of  high  ex plos ive deto nat io ns in mi ne d ca vit ie s in sa lt  in dic at e a pr ob ab le  deco up lin g fa cto r of  ab ou t 75 a t fr eq ue nc ie s of 1 IL . Sinc e th e av er ag e deco up lin g fa ct or ob se rv ed  fo r th e Ste rl in g nucl ea r explo sio n in th e ex plod ed  ca vi ty  cr ea te d by th e Sa lm on  nu cl ea r ex plos ion w as  al so  ab ou t 75, th er e appears  to be a clo se  co rr el at io n be tween de co up lin g fa cto rs  fo r ex plos ions  in mi ne d an d ex plo ded ca vi tie s.
( /)  Assum ing a deco up lin g fa ct or of  75, a 1-k iloton  explos ion wo uld  yie ld ap pr oxi m at el y an  nib 1.8 sign al , a 5-ki lot on  explos ion an d nib 2.5 sign al , a 10- ki lo ton ex plos ion an  nib 3 sign al . Si gn al s of  th es e nib v alue s ca n on ly be de tected  by  sei sm om eter s in the pr ox im ity of  th e  s alt  dome a re as .
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Question 3. (a) Could you comment on the fea sib ilit y of the evasion technique of detonating  multiple explosions to simulate earthquakes? (ft) How feasib le would  it be to try  to evade a comprehens ive test ban by hiding  an explosion in a very large earthquake?
2 A tt ac hm en t No. 2.



An sw er . A ns w er s to  bo th  ( a )  and  (& ) de pe nd  st ro ng ly  on  as su m pt io ns  ab ou t 
th e qual it y  of  th e  ope ra ti onal  ver ti fi ca tion  ne tw or k.  W he n yield va lu es  fo r 
av oi di ng  se ismic  de te ct io n or id en ti fi ca tion  a re  qu ot ed , th ey  m us t he tied  to 
spe cif ic as su m pti on s ab out th e  ca pa bi lit y of  th e  as su m ed  ve ri fic at io n ne tw or k 
in  ord er to be m ea ni ng fu l.

(« )  I t  is  my pe rs on al  op in io n th a t ev as io n sc he m es  ba se d on th e idea  of 
m ult is hot si m ul at io n a re  bo un d to fa il  if  m ult ia zi m uth , m ul ti ra ng e,  m ul ti phas e 
se ism olog ica l d a ta  a re  av ai la bl e.  I am  co nf iden t th a t th is  op inion is  sh ar ed  by 
v ir tu all y  al l se ism ol og is ts  wh o ha ve  co ns id er ed  th e pr ob lem. T he  pr es um ed  
cr ed ib il it y of th is  sch em e is  ba se d up on  th e u n st ate d  as su m pt io n of  th e av ail ­
ab il it y  of  only lim ited  d a ta  and  lim ited  d a ta  an al ys is .

T he  si m ul at io n of  th e  co m pl ex it ie s of  eart h q u ak e  se ism og ra m s, su ch  com­
ple xit ie s be ing  in du ce d by th e  ba sic as ym m et ri es  an d high  co nt en t of  sh ea r 
en er gy  of  ea rt hquak es , is  ju s t no t po ss ib le by fir ing of  nu m er ou s ex plos ions . Any 
ne tw or k ad eq uat e to  ev en  re as on ab ly  we ll co nt ro l ev as io n ef fo rts  ba se d on  hid-  
in g- in -a n- ea rt hq ua ke  sc en ar io s w ou ld  be m or e th an  ad eq u ate  to  th w a rt  m ult is hot 
ev as io n ef fo rts .

(b )  I t is  ve ry  dif fic ul t to  give  a sim pl e an sw er  to  th is  qu es tio n,  th e an sw er  is  
so cri ti ca ll y  tied  to th e p a rt ic u la r sc en ar io  d eta il s an d th e ne tw or k c h a ra c te r­
is tic s. A few gen er al it ie s w ill  be at te m pte d. In  my  vie w,  ev as io n ba se d on liid ing-  
in -a n- ea rthq ua ke  is  by al l od ds  th e  m os t cr ed ib le  a pp ro ac h to  ev as io n a t yi el ds  o f  
se ve ra l ki lo to ns  ag a in s t a ve ri fica tio n ne tw or k de ploy ed  a t te le se ism ic  di st an ce s.  
How ev er , th ere  a re  de fin ite  li m it s to  th is  ev as io n sch em e. F or ex am pl e,  in v est i­
gat io ns  of th e in te rr e la ti o n sh ip s of  hi di ng  op port unit ie s,  ev en t m ag ni tu de s 
(m b, M ») , an d ne tw or k ch ara c te ri st ic s su gg es t th at,  ag ain st  pr es en t W W S X 3 
ca pa bil it ie s,  se ve ra l oppo rt uni ti es  p er  yea r exis t co nc ep tu al ly  fo r su cc es sf ul  
hi di ng  by th e U.S.S .R.  a t Ms 5 .0  w ith  o nly  a 10 pe rc en t ch an ce  o f th e su rf ac e w av es  
be ing see n. How ev er , in  al l th es e ca se s, th er e wou ld  he a t le ast  a 00  pe rc en t ce r­
ta in ty  th a t bod y w av es  fr om  an  eart h q u ak e ha vi ng  su ch  Ms va lu es  w ou ld  be 
cl ea rl y  re co rd ed  by nu m er ou s sh o rt  pe riod  in st ru m en ts  si nc e th e eq ui va le nt  bod y 
wav e m ag ni tu de  w ou ld  be re la ti ve ly  la rg e (m b^ 5 . 5 ) .  A lth ou gh  de te ct io n of  sh ort  
pe riod  s ig na ls  w it hout det ec tio n of  l on g pe riod  s ig nal s m ig ht  co nst it u te  a n unid en ­
tif ie d ev en t, th e st a ti st ic a l pro ba bil it y  of  a n  mb 5. 5 eart h q u ak e oc cu rr in g w ith in  
th e I ’.S. S.I t. w ith  it s su rf ac e w av es  hi dd en  in  th os e of  an o th er eart h q u ak e even  
onc e ev er y fe w yea rs  is  sm all . Also , th e ev en t wou ld  be su ffi cie ntl y la rg e th a t 
su cc es sf ul  id en ti fi ca tion  by sh o rt  pe riod  c ri te ri a  m ig ht be ve ry  pr ob ab le . In  ge n­
er al , I wo uld gu es s th a t su cc es sf ul  ev as io n ag ain st  a q uit e ca pa bl e ex te rn al 
net w ork  wo uld oc ca sion al ly  be  po ss ib le  a t m b (2 0  ki lo to ns  o r so in  h a rd  ro c k ).  
As po in te d ou t in  my  e a rl ie r te st im on y,  de pl oy m en t of  2 0 or so un m an ne d se ism ic  
ob se rv at ori es  (U SO ’s ) ap p ro p ri a te ly  th ro ughout th e So viet Un ion as  an  ad ju n c­
tio n to  ex te rn al ca pab il it ie s w ou ld  es se nt ia ll y  el im in at e th is  ty pe  of  ev as io n 
opport un it y a t mb 4. 0 an d it  wou ld  se ri ou sl y re s tr a in  ev as io n opport unit ie s a t 
m b 3 .5.

Th e ab ov e di sc us si on  is  p re dic at ed  up on  us e of  d is ta n t w or ld w id e ea rt hquak es . 
If  th e em ph as is  is  on sc en ar io s us in g ne ar by  ea rt hquak es , a m aj or  re s tr a in t on 
ev as io n by th is  m ea ns  is  th e re quir ed  lev el of  se ismic  ac ti v it y  in th e vi ci ni ty  of  
th e  sh ot . As  po in te d o u t in th e  fi rs t qu es tio n,  on ly K am ch atk a/K u ri le s ca n ex pe ct  
to  ha ve  ev en  one  m ag ni tu de  6.0 ev en t pe r ye ar . S tu die s su gg es t th a t a t le ast  
one  m ag ni tu de di ffer en ce  be tw ee n ex plos ion an d eart h q u ak es sh ou ld  be al lowe d,  
an d sin ce  th e  e art h q u ak e s ho ul d be  w ith in  60 0 km  or so of  t he ex pl os io n to em ploy  
th is  p a rt ic u la r ev as io n sch em e, th e re  wo uld be mu ch  les s th a n  one op po rt unit y 
pe r y ear a t an y spe cif ic si te  in th e  U.S .S. R.  out si de  K am ch atk a/K u ri le s a t mb 
4.0 . S tu die s ha ve  bee n co nd uc te d of  det ec tin g ev as io n by th is  sch em e in K am ­
ch atk a /K u ri le s.  To my mi nd , th es e st udie s in dic at e th a t ex te rn al ve rif ic at io n sy s­
te m s co uld be de ploy ed  whi ch  w ou ld  se ri ou sl y re s tr a in  an y ef fo rts of  th is  typ e. 
A no th er  im port an t p ara m ete r of th is  ev as io n sc he me is th e  ex pe ct ed  yiel d ve rs us  
m ag ni tu de  re la ti onsh ip  fo r ex pl os io ns  in K am ch atk a/K u ri le s.  If  mb ve rs us  yie ld  
va lu es  in  K am ch atk a/K u ri le s a re  si m il ar to  th os e in A m ch itk a (a  no t ill og ica l 
as su m pt io n in li ght  of  t h e ir  si m il ar ge olog ical en v ir o n m en ts ),  an  mb 4 .5 -5 .0  s igna l 
wo uld  be  as so ci at ed  w ith  a yie ld  of  1 kt  or so. Dep lo ym en t of  th e US O’s men ­
tio ne d ab ov e wo uld  lo w er  th es e th re sh o ld s ev en  fu rt h er.

Question. 4- Please describe the possibiliti es of evasion  by testing in dry  allu ­
vium wi thi n the Soviet Union. Could you estimate the highest probable yield  at

3 W or ldwide se ism ic ne tw or k.
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which testa could be conducted icith  the expectation that there  would  be no de­tectable  surface  effe cts f
Answer. The  conditions for existence of deep dry alluvium ar e so rest rict ive 

and so unsual that  all recent stud ies of which I know agree  th at  thicknesses of material such as a t the U.S. Nevada T est Site  may be unique and almost certa inly  do not exist  anyw here  in the U.S.S.R. E ither studies based on a small set of fun ­damenta l geologic, climatic and hydrologic conditions,  or stud ies based on me­ticulous a naly sis of all available data arr ive  a t the same conclusion, th at  is, tha t cha rt 23, page .54 from the hearings referre d to in question  14 describes the gen­eral dis tribution of  this  material within the U.S.S.R. T here are  small scat tered  deposit s of possibly 1,000-foot thickness  in deser t or near-desert are as in the southern  end of Uzbek U.S.S.R.
I cannot see how it  would be possible to have elsewhere in the U.S.S.R. 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 preven t a surface  collapse cra ter  is  at leas t 6<X) feet and possibly grea ter.  Using a 600-foot scaled depth,  and allowing 100 feet below the explosion to prevent strong coup­ling to the  deeper water- satu rate d st ra ta , yields of 1-3 kilotons might  be pos­sible. Any higher  yields  will cause cra ter ing  or, if placed deep enough to prevent cratering, will have high ampli tude signals (mb 4.5-5.0), which could be detected. Whether all  othe r surface effects associated with the emplacement of devices at  such depths in ter rains of this type would he removable or preventable is not a seismological matter. A 2 kt explosion in dry alluvium should generat e an inb 3.2-3.5 signal. Since these potential  site s are near the southern  borders of the U.S.S.R., events of this magnitude could he detected by new sta tions near, but 

outside, the  borders of the U.S.S.R. Alternatively, these events could be easily detected by a  combination of present external capabiliti es plus a limited number of USO’s. Therefore, efforts  by the Soviets at evading a CTB by use of ava il­able dry al luvium seems extremely unlikely.
4 A tt ac hm en t No. 3.
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Se na tor  H um phr ey . I) r. Fo ste r is our  ne xt witness.
Dr.  Foste r, we welcome you once again . Dr. Fo ste r is Di rec tor of 

Defense  Research and  En gine er ing , De pa rtm en t of  Defense.
Doctor, you are  accompan ied  by Dr . Ste phen Lukasik , Di rec tor  of 

Adv anc ed Researc h Projec ts Agency, De pa rtm en t of  Defense.
I )r. Foste r, we welcome your  commentary on proposed Senat e Reso­

lut ion  67. P lease p roceed.

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

Dr.  F oster. Mr. Ch airm an , would you care to have me read th is 
br ie f sta tem ent or  would you like me to  pa raph rase  it or  jus t ask 
questions?

Se na tor H umphr ey . I t is a very br ief s tatem ent. Whv don’t you jus t 
proc eed  ?

Dr . F oster. I would be very pleased to do th at , Mr. Ch air ma n and 
members o f the committee .

I am pleased to rep res en t the  Dep ar tm en t of  Defense  before  th is  
dis tin gu ish ed  subcom mit tee to speak to the proposed Senate Resolu­
tion 67. Th is resolu tion  call s fo r an immedia te morato riu m on un de r­
grou nd  nucle ar testi ng  and the acc elerati on of nego tia tions  wi th the  
Sovie t Union  on a pe rm an en t agre ement  to ban  fu rthe r nuclear 
tes tin g.

At the outset,  le t me s ay th at  t he  U .S.  poli cy su pp or ts  a com pre hen ­
sive nucle ar tes t ban , adequately verif ied, in orde r to lim it the  escala ­
tion and prol ife ra tio n of  nucle ar weapons. Th is has  been public ly 
affirmed in num erous pol icy sta tem ents and is included in the  Lim ited 
Test Ba n Tr ea ty  of  1963 and  th e Nuclear Non -P ro lif erat ion Tr ea ty  o f 
1968, to  both  of which we are  a pa rty . Th e Dep ar tm en t of  Defense 
supp or ts  tho se agre eme nts.

I am sure th at  we all  agre e th at  accepta ble arm s lim ita tio n agree ­
men ts can  only  be achie ved  if there is mu tua l confidence bu ilt  on ade­
quate  ob ject ive inf orma tio n th at  each s ign atory is ab id ing by  the te rms 
of the  agreem ent , and that, none are  ach iev ing  un ila tera l advanta ges 
at  the  e xpense of othe r sig na tor ies  in vio lati on of  the agreem ent . F u r­
the rm ore , we seek to achieve th is  ver ification capa bi lit y throug h na ­
tio na l and inter national means so th at  each side can  assure its elf  of  the  
adequacy of  the  da ta  on which its  s ecu rity  must ul tim ately rest.

The proposed resolu tion  spe aks  to two circum stan ces . One is the  
case of a for ma l comprehensive  t es t ban  t re aty whe re the  negotia tions 
pro vid ed an op po rtu ni ty  to ar ra ng e for such mo dal itie s as eit he r side 
req uir ed to secure ade quate  ver ification. The othe r is the  case of  an 
inf orma l mo ratorium  which foregoes adequa te ver ific atio n at the  
outset.

The key issue we must add ress, there for e, is th at  of  the  adequacy  
of means to  v er ify  a b an on un de rgroun d nucle ar tes ting. To  t hi s end,  
we have fund ed  a majo r research prog ram  to assis t us in pu rsu ing



86

such agreements while at the same time mainta ining our national  se­curity. I am accompanied today as you indicated, by I)r. Stephen J. Lukasik, Director of the Defense Advanced Research Projects Agency, who is responsible for the  research program bearing on the subject of today's hearing.

VERIF IC ATI ON IS S U E : SE IS M IC  T E C H N IQ U E

The technical questions involved are, as this subcommittee fully recognizes, quite intricate. They were dealt with extensively in hear­ings before this subcommittee in duly of 1971 and later before the Join t 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 I will, therefore, state the con­clusions of the Department at that  time and indicate some of the principal efforts tha t have been undertaken since then relative to the verification issue.
Firs t, we have determined tha t we cannot verify a ban on under­ground testing on the basis of seismic stations  on U.S. terr itory alone. The nature  of the seismic signals from underground explosions and the obscuring background noise requires an extensive set of seismic monitoring stations as close as possible to the sites of suspected explo­sions.
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 residuum of seismic signals above some level whose origin we will not be able to establish unambiguously.And th ird, we have assessed the possibility of a vio lator’s continuing nuclear weapon developments wi thout the detection or identification of his activities. We find that nuclear explosions at milit arily signifi­cant 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 continued its research program to attempt to push back the techni­cal front iers involved in the above conclusions and narrow or, hope­fully, eliminate the gap between our capability  and our requirement for verification. We have done this by unde rtaking:
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 exchange within the international seismic community;The development of techniques fo r authenticat ing seismic data from unmanned stations;
Advanced seismic signal-processing techniques for  “seeing throug h’' the attempts of a violator : and
Development of techniques for nonseismic means of verification.
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With the inadequacies inherent in the seismic verification tech­
nique, and which are likely to persist in any future seismic system, i t 
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 ei ther verify  that fact or at least turn  up no evidence 
of nuclear testing. Aft er an extensive research program we have 
found that by fa r the most effective techniques for such an inspec­
tion are visual inspection and radioactive gas samplings.

The fact tha t several earthquakes  per year have seismic charac­
teristics  resembling those of explosions gives rise to a second and more 
serious cause 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. I t 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 particu larly  helpful in 
establishing tha t a nuclear device had not been employed, although 
other verification procedures could possibly be arranged also.

Fina lly, there is the possibility tha t an ambiguous seismic event 
is a nuclear test and tha t, 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 possibil ity of such an inspection, would clearly force a  res­
olution of the security issues involved.

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

DEF EN SE  DEPA RTM EN T PO SI TIO N ON  SE NA TE  RE SO LU TI ON G7

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

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

The present U.S. verification capabil ity is inadequate;
Through international  negotiations and also bilateral negotiations 

with the Soviet Union, we have not yet been successful in obtaining 
adequate verification capability; and

In our view Senate  Resolution 67, by tacit ly accepting the Soviet 
position on national means a t the outset, would actually weaken the 
present U.S. position in attem pting  to negotiate the required verifi­
cation capability.

For  these reasons, the Department of Defense does not support this 
Senate resolution. T hank  you, Mr. Chairman.
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Senator Humphrey. Thank yon very much.

witness’ reference to “immediate moratorium”
Dr. Foster, in your comment yon have noted tha t the resolution calls 

for an immediate moratorium on underground nuclear testing.
Dr. F oster. Yes, sir.
Senator Humphrey. And then pending negotiations for an inte r­

national agreement. As a cosponsor of tha t 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 tha t the 
action is in the Senate.

Senator H umphrey. Pardon me, would you repeat what you said?
Dr. Foster. It seems to me, Mr. Chairman, I was saying the action •

is in the Senate. The Senate has a resolution.
Senator H umphrey. Yes.
Dr. Foster. And if the resolution passes, then it is a ma tter for the 

President to decide. •
Senator  Case. That is not quite the question you asked.
Senator Humphrey. The resolution reads: “I t 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 Presiden t Eisenhower did 
back in the late fifties ?

Dr. F oster. Yes.
Senator  Humphrey. And also what President  Kennedy did just 

prior  to the Limited Nuclear Test Ban. In fact it goes fur ther than 
what President Kennedy did because President Kennedy took uni­
lateral action. My question was to the effect th at since 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, t ha t the suspension was automatic?

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

Senator Humphrey. Fo r the President to propose.
Dr. F oster. Yes, sir.
Senator H umphrey. B ut your  statement reads “This  resolution calls 

for an immediate moratorium on underground nuclear testing.”
Dr. F oster. I believe, Air. Chairman, t ha t the language is a littl e too 

loose and it should be cleaned up.
Senator Humphrey. In other words-----
Dr. F oster. I would be pleased to clean it up.
Senator  Humphrey. In other words, your testimony-----
Dr. F oster. I overdrew the situation.
Senator  Humphrey. Yes, thank, you.

joint chiefs position regarding comprehensive test ban

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

I)r. 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 decisions made by the President.

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

Dr. Foster. That is correct, sir.
Senator Humphrey. But I was wondering what their  recommenda­

tions were. What have the Joi nt Chiefs recommended to the Depart­
ment of Defense? Quite obviously the Department of Defense is sta t­
ing the position of the President, if  I am not mistaken.

Dr. F oster. That is correct, sir.
Senator H umphrey. 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 

milita ry capability in the out years tha t is involved in such a decision. 
However, the President has to look a t a far  broader range of issues.

[A position statement by the Join t Chiefs of Staff has been received 
in classified form and is in the committee files.]

Senator Case. I  am sure tha t is true, if I may in terrupt.
Senator  Humphrey. 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 
bread th in their vision.

Dr. F oster. Well, certainly, Senator  Case, what 1 indicated was my 
understanding that the Joint Chiefs do not support this parti cular 
resolution-----

Senator  Case. I understand.
Dr. Foster [continu ing]. Discussed here.
Senator  Humphrey. Do they support a comprehensive test ban?
Dr. Foster. Tha t I do not know in de tail, Mr. Chairman. I think 

one of the things tha t the Joint Chiefs would have to  review would 
be the specifics of a test ban and, in particular , the degree of confi­
dence we would have in the monitor ing of such an arrangement. Those 
have not been spelled out and, consequently, to my knowledge, the 
Joint Chiefs have not rendered a position.

Senator Humphrey. In your testimony you say. “Let me say tha t 
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/o r to put it another way, can the subcommittee conclude that  
the Join t Chiefs see no milita ry requirements tha t would necessitate 
delay in achieving a comprehensive test ban ?

Senator  Case. Adequately verified.
Senator  Humphrey. U nder 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 Presiden t is one of support for a comprehensive*
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nuclear test ban that is adequately verified. I have stated tha t the 
Joi nt Chiefs support the position of thei r Commander in Chief. 

Senator H umphrey. Go ahead, Senator.
Senator Case. You mean as a general proposition.
I)r. Foster. Yes. sir. as a general proposition.
Now, what I 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.
I)r. Foster. T think it depends very much, sir, on the details-----
Senator Case. Yes, assuming adequate verification.
Dr. F oster [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. F oster. I do know they support the position of the Commander 
in Chief.

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

Dr. Foster. They support the President's position, a t least in the 
terms of thei r understanding of what would constitute adequate 
verification.

Senator  Case. In other words, they are not t rying 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 H umphrey. What do you think makes up an adequate ver i­
fication system because I have been hearing fo r years arguments about 
an adequate verification system. As was said here a few months ago, 
there was one time we were talk ing 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 is the whole 
ball game. What is your judgment, Doctor?

Dr. Foster. I 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 specific.

Senator H umphrey. In the past you mean.
Dr. F oster. In the past.
Senator Humphrey. Yes.
I)r. Foster. It seems to me tha t perhaps we are doing just the  rig ht 

thing now. We have a vigorous experimental program that  I  described 
very briefly in the statement, and I would hope, through tha t effort, 
we. m ight understand the situation well enough to lie able to come to 
grips with this issue. It is a very difficult one, and I 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 he 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 UN ITED  STATES

Senator Humphrey. Wouldn’t you presume, too, that the Soviet 
I ’nion might be a bit suspicious of us ?

I)r. Foster. I think there is always tha t situation, Mr. Chairman.
Senator Humphrey. 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 suspicion in thei r minds 
as to whether or not we would be concealing something.

MILIT AR ILY ' SIGN IFIC AN T YIELD

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

I)r. Foster. In my view. Mr. Chairman,  a kiloton is a very signifi­
cant yield. Now. I will admit there are some cases where a half-ki loton 
can be very significant or a quar ter of a kiloton. But certainly I know 
from mv experience that a kiloton is a very significant yield from a 
milita ry point of view. Clearly, as one raises the IcytI above that, the 
number of possibilities tha t are included grows and so does the 
significance.

Senator Humphrey. Senator Case, do you have any questions? 

WILL  VERIFICA TIO N ARRANGEMENTS EVER BE ADE QUATE?

Senator  Case. T just wonder how far  ahead in time that puts the 
possibility o f  any kind of verification arrangements  tha t you might 
regard as adequate.

Dr. F oster. I think. Senator Case-----
Senator  Case. Half a kiloton is a little fur ther than  anybody can 

talk about.
Dr. Foster. It  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 pursu it of a vigorous underground 
test ban in support of the safeguards of that treaty has driven up the 
significance of smaller and smaller yields, and in this issue of cessation 
of all nuclear testing we are caught between the two.

Senator  Case. Do you think the lines will ever converge or is there 
no l ight at the end of the tunnel, to mix a few metaphors?

Dr. F oster. Sir. we cannot know.
Senator Case. Or  will there always be ligh t at the end of the tunnel ?
Dr. Foster. We can’t know, but T think  there always will be light.
Senator Case. Tn o ther words, Yve will never get to where we are 

going.
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I)r. 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 tha t there may be other factors so strongly  in 
favor of terminating such underground  activity  tha t we would not run 
larger risks in the future. We simply cannot know.

Senator Cask. From the standpoint tha t 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 you 
are wasting a lot of time even in pretend ing 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’ position on comprehensive treaty, assuming 
CO MPL ET E OP EN NES S

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

Dr. F oster. Well, I would like to th ink about this a littl e more, Sen­ator, but it seems to me that , if the Soviet Union and other nations 
that test were willing to open thei r countries to inspection, to the degree that the United States might find acceptable, it might well sa t­isfy the criterion for adequate verification.

Senator  Case. Would you be willing to have us open this country to that degree of inspection ?
Dr. Foster. That involves things which are well beyond my autho r­ity 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 I would.
Senator Case. Well, it is something. I t star ts somewhere.
Dr. Foster. Yes.
Senator Case. And, I take it, your general view is tha t assuming a 

trea ty or a test ban agreement verified to the  degree which you would 
permit in the I nited 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 H umphrey. Just  a few more questions, Dr. Foster, because 
you are a very well-informed man and highly regarded. You say the 
most effective techniques for inspection are visual and radioactive gas 
samplings. Could this kind of inspection be carried  out by satellite?Dr. F oster. No, si r; it could not.

Senator  Humphrey. 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.
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Senator  H umphrey. I f 1 divided th at question, could visual inspec­
tion be adequately performed by a reconnaissance satellite?

I)r. 1 Foster. I believe, Mr. Chairman,  that  onsite visual inspection is 
required.

Senator Humphrey. It is required.
Dr. Foster. Within  all other national means there is not adequate 

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

Dr. Foster. That  is my judgment, s ir ; yes.

RA DIO AC TIV E GAS SA M PLIN G S BY  AIR PLA NE

Senator Humphrey. On radioactive gas samplings, we have done 
this by a irplane; have we not?

Dr. F oster. Yes, sir; we have.
Senator  Humphrey. What was the nature  of  those explosions tha t 

we monitored or tested in that  way? Were they underground?
Dr. Foster. Normally, Mr. Chairman, they are explosions in the 

atmosphere.
Senator Humphrey. 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 a ir­
cra ft even if one could overfly the site.

Senator Humphrey. Yes. All right. I thought  we would get your 
testimony on record on this because there  are obviously very different 
types o f 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 in tricate  methods of concealment.

Dr. F oster. Yes; that is correct.

LI KELI HOOD OF  ANYON E A TTEM PTIN G  VI OL AT IO N OF  AGR EE M EN T

Senator  Humphrey. The question therefore comes, Would the Soviet 
Union or the People’s Republic of China, or anyone else, run the risk, 
presuming tha t a negotiation took place and an agreement were signed, 
of breaking that  agreement through some type of concealment of 
explosion ?

Dr. F oster. I do not know.
Senator Humphrey. What is your judgment? All of these things are rather subjective.
Dr. Foster. I go back, Mr. Chairman, to the situation from 1957 to 

1961 when as far  as I know, evidence of any Soviet preparations for

96- 46 6 0 — 73------ 7
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the res um ption of  nucle ar test s was to ta lly  lacking. In  th is  cou ntry, 
by com par ison, the re was gr ea t concern  lest we cause a ny othe r nat ion  
to feel th at  we were ge tti ng  ready to pe rfo rm  nucle ar tests. We were 
tak en by surp rise. The Soviets  test ed in the a tmosp here witho ut a sh red 
of  evidence t ha t we could see th at  they had prepared  fo r it. So c learly , 
in th is aspect,  the  two countrie s are  dissim ilar. So I th ink the re is 
rea lly a likelihood tha t they would  a tte mpt  a vio latio n.

Se na tor H umphrey. T hat was not an agreem ent . Th at  was a un i­
latera l decis ion by Presi dent Eise nhower , at best a gen tlemen's  agree ­
ment, wi th no bind ing  words and tre aty or  form al document. Do we 
have  any evidence th at  the  Sov iet Un ion  has violated forma l ag ree ­
ments  that  relate  to th e p ostwa r period  of defense ?

Dr . F oster. I thi nk . Mr . Ch air man , th at  is a que stio n th at  properl y 
should be di rec ted  to Mr. Farley.

Se na tor H umphrey. Do you know of  a ny, since you are  a very well 
respected sp ecia list  in the field of  nuc lea r energy ?

Dr . F oster. I know of  no tre ati es  associated wi th nucle ar  ene rgy 
th at  the  So vie ts ha ve vio lated.

H E LPFU LN ESS OF  ST AN DI NG  COM M IS SI O N TO D ETERM IN E VIOL AT IONS

Se na tor H umphr ey . There  has been some tal k,  if  you entered into 
an agreem ent , about ha ving  a sta nd ing commiss ion, in ternat iona l 
body, th at  could be ready and ava ilab le, in case there was a c om pla int  
or  a claim of  vio lation,  to move in at once to det erm ine  wh eth er or 
not the violatio n had taken place.  Do you th in k a stan di ng  commis­
sion  could serve  the purpose of  forci ng  resolu tion  of  questions th at  
ari se?  Do you th in k a sta nd ing commission  would  be he lpfu l?

Dr.  F oster. I ce rta inly  t hi nk  a sta nd ing commission  wou ld be very 
he lpf ul , Mr. Chairma n. It  w ould not ade quate ly c ompensate  f or  onsite  
inspections .

OT HE R AG RE EM EN TS  W IT H O U T  ONSI TE  IN SPE C T IO N

Se na tor H umphr ey . We have a Biological W ar fa re  Convent ion  
and a SA LT  trea ty  and  an agreem ent , all agreem ent s wi tho ut ons ite  
insp ect ion.  Those are  very  im po rta nt  treati es.  W hy  do you believe it  
is necessary  in the  case of  the com preh ensive te st  ban?

Dr.  F oster. S imply  because o f t he  ve rific ation issue, Mr. Ch airma n.
Se na tor  Humphrey. You don’t believe  th ere  is any concern th at  we 

should  be worrie d about veri fica tion  of  biolo gica l war fa re  p repa ra tio n 
or  the  AB M t reaty,  and  the  lim ited t re aty on o ffensive nu cle ar weapons.

Dr . F oster. Mr. Ch air ma n, as you know. I have  t est ified in the  past 
th at  I conside red the  national  mean s ade quate  in the case of  the 
SA LT I tre aty .

BA SIS  OF D IF FE R E N TIA T IO N  CO NCE RNIN G O N SIT E IN SPEC TIO N

Se na tor H um phr ey . Y ou dif fer entia te here . Is  t hat  it?  W ha t i s the 
bas is of  you r di ffe renti ati on  ? I want to  get y ou r professio nal  judgm ent.

Dr . F oster. The  d ifference , Mr.  Ch airma n, is sim ply  in the ver ific a­
tion cap abi lities.
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ADEQUATE VE RIF ICA TIO N

Senator Humphrey. We have gone over the issue of what you would consider adequate verification. I gath er tha t you have not specified except to say onsite inspection.
Dr. Foster Mr Chairman, it seems to me th at the number of  onsite inspections is tied rather  intimately to the number and conditions associated with the remote monitor ing stations, and, until one ties those two together in some detail, I don’t think it is meaningful to quantify.

CURRENT EFFORT S TO UPGRADE SE ISM IC MO NIT OR ING  NETW OR K

Senator Humphrey. Th is brings us to Dr. Lukasik, who is obviously responsible for the research program which is underway on the im­provement of verification, seismic technology. Am I correct?
Dr. Lukasik. Tha t is correct, Mr. Chairman.
Senator Humphrey. Would you give us a b rief description of the current efforts on the part of your agency and other government agencies to upgrade seismic monitoring networks and how good 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 describe what we are doing 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 world­wide standard seismograph net which is a fundamental contribu tion to the state of the a rt.
Senator Case. Since what time, Doctor?
Dr. Lukasik. That was a program that  started  in 1960.
Senator Case. You mean during that period.
Dr. Lukasik. During tha t period of time.
Senator  Case. The reason I  ask is that I understand within the  last year or so there has been a ra ther 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 aga inst signals from another, this is quite fundamental  to the whole issue of how many un­identified events you eventually have to deal with.
The array program culminated in the  late sixties in the establish­ment 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 great many automatic signal processing and signal analysis studies, since these stations pro­duce a great deal of information and one must, o f course, be able to analyze it sensibly and quickly.

MOST RECENT  EFFORTS TO UPGRADE SEISM IC MO NIT ORING

The most recent efforts th at  vou asked about are in a series of pro­grams, one actually going back to 1970, where we installed about 10
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sta tions  of very sup erior long-period capabil ity . As you know from  
your stu dy  of  the  problem, the mat te r of  sur fac e waves, which are 
long-pe riod  waves and require ins tru me nta tio n sens itive  to  them,  is 
crucial to the seismic identification prob lem. There  was a sign ificant  
imp rovement  in our abi lity  to  make ins trume nts  of  th is sort, so we 
decided to dep loy  them in orde r to explo it th ei r possible  c on tribu tio n 
to impro ving our ab ilit y to iden tify seismic events .

More rece ntly  we have  un dertaken t o inst all  th ree  lon g-p eriod a rra ys  
in three differen t countries in and near the  seismic a reas o f the  Ear th ; 
th at  is where th e problem is, where the  even ts th at  one must dis tin gu ish  
arise. Plan s for those ins tal lat ion s are  und erw ay now.

Senator  Case. Is thei r location a securi ty mat ter  ?
Dr. Luk asik . We have not completed neg otiations with all of the 

countries involved,  so I th ink it would perha ps be in ap pr op ria te  to 
comm ent fu rthe r a t th is time.

In  addit ion , the  wor ldwide stan da rd  seism ograph  net was inst alled 
at the  incept ion of ou r pro gram.  Since that  time, we have  learned a 
great dea l, how to upgrade those  sta tions,  how to make them bet ter.  
They were very  good sta tions  when they  were ins tall ed,  be tte r tha n 
an ything  then availabl e; bu t in 10 ye ars  one obviously  lea rns thin gs.  
Now we ar e underta kin g to upgrade abou t 15 to 20 of  those sta tions— 
aga in, in various  cou ntr ies  aro und the  wor ld, large ly loca ted in the 
seismic  regions o f the Ear th . In pa rti cu lar, we are  insta lling  improv ed 
long-perio d ins truments , because we u nders tan d that  th is rea lly is an 
im po rta nt  pa rt of the identif ica tion  prob lem,  both  to do the  research 
and  eve ntually to be able  to do th at  iden tific ation in a mo nitoring 
sense.

Fi na lly , we have been stu dy ing the ques tion of unmanne d seismic 
sta tions,  with  the intent ion  of  developing the tech nology  th at  might  
be ap prop ria te  to that  type of st ation .

Th at  is the essential  n atu re o f our ongoing prog ram s.

W H A T ON E M IO II T  DO U LTIM A TELY  IN  SEIS M IC  M ONI TO RI NG

Re turn ing to the second par t of your  qu est ion ; nam ely, what  might 
one do ult imate ly,  th is is, of  course , much more difficult because  we 
are  deal ing  w ith som ething th a t we haven 't bu ilt  and have  not worked 
wi th ; we are dea ling with the  next step  af te r our cu rre nt  pro gra m.  
We do know, from our theo reti cal  stud ies  of ear thq uakes and  ex­
plosions, as well as the  grow ing  body of da ta we are  accum ula ting, 
th at  th e identification t echniqu es should  be avai lable.

We th ink that ear thq uak es and  explosions actua lly  are diff eren t at, 
for  exam ple, magnitude 4.0 and th at  if we had  ap prop riate in st ru ­
menta tion  we should be able t o de tect those d ifferences.

The  issue rea lly  is not  how well you do in general  but under wha t 
circums tanc es you fail  to iden tify seismic events. There  are  a num ber  
of  circumstances inh ere nt in the  science of seismology  and  wave 
propagati on  in  the eart h th at  seem t o indic ate,  as f ar  as we know tod ay,  
th at  one simply cannot build a pe rfe ct sys tem.

Let me ref er  to two specific circum stance s: In  the  first place, the re 
is the matt er  of  the  mixin g of the  events. Ea rth qu ak es  occur fre­
que ntly  above ma gnitude  4.0 wor ldwide.  There  are  at least 10,000 
ear thquak es a year , and the y all gen era te sho rt-perio d and  long-per iod
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waves. Because those wave tra ins persis t for reasonably long periods 
of time, when you are interested  in one par ticu lar event, it is quite 
possible that the waves from another event will arr ive a t 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 part icular, 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 occur fa irly 
close together and thei r 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, tha t 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 th at happens and how serious a risk that entails 
is something that we are determining in our program.

The second circumstance is the problem of uncer tainty  th at  we have 
with us today. It  is not clear tha t it is as fundamental an issue as 
the mixing problem, but it is something that  we do not understand 
at this time. T his is the mat ter of so-called anomalous events. These 
were noted in Dr. Fos ter’s statement. There are some earthquakes 
that  look like explosions; that  is, the ir long-period surface-wave 
amplitudes are more charac teristic 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 detect it, it will be located 
and will look like an explosion. Such events are the subject of an 
impor tant 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 ear th­
quake mechanisms and see why they occur.

IMPA CT  OF 1 KILO TO N WARHE AD ON RICH TE R SCALE

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

Dr. L tjkasik. I was essentially a t the end of a long and complicated 
technical answer.

Senator Case. We are all interested in what in your judgment is on 
the impact of, sav, a 1 kiloton warhead on the Rich ter scale. I know 
you have to qualify  your statement as to the type  of material and the depth.

Dr. Ltjkasik. Wha t is the mili tary  significance?
Senator Case. No. what is the impact measured in terms of the 

Richter  scale o f a 1 kiloton warhead, for example.
Dr. Ltjkasik. Well, such an event or such a device detonated in hard 

rock produces about a magnitude 4.0 signal, essentially at the l imit of 
a teleseismic network’s detection capability .

Senator Case. And another materia l it would be less, I take it.
Dr. L tjkasik. It  would be even smaller than that.  In a low coupling 

medium such as tuff, the signal would be roughly a th ird  tha t 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 dril l to emplace a device, the depth has very little effect on 
the size of the signal.

Senator Case. This, o f course, relates to what Dr. Foster  said about 
the milita ry importance of small explosions.

Dr. Lukasik. Tha t is correct.

H A LE KIL OTON IN  TE RM S OF RIC HTER SC AL E M EASU REM ENT

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

Dr. L ukasik. Well, a t 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 thin k is a reasonable limit to which we can expect a 
teleseismic network to reliably perform—something in tha t magnitude range.

Senator Case. Is this from the standpoin t of detection, identification, or both?
Dr. Lukasik. The  problem is that there is a fundamenta l physical 

limit here, and tha t is the ma tter of  earth  noise. This is not something 
tha t can be pushed to arbi trar ily low magnitude because at some 
point—somewhere below magnitude 4.0, perhaps around magnitude 
3.7—there are crus tal 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  terri torial limits of a large country.

Senator  Case. Ha lf a kiloton is below tha t, in your opinion?
Dr. Lukasik. Yes, even in hard  rock. I f 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 monitor­ing is concerned.

Senator  Case. Thank you.

N O TIF IC A TIO N  CO NCER NIN G UN DE RG RO UN D TES TI NG

Senator H umphrey. We could ask you many more questions but the 
time is runn ing 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.

R IS K  OF TESTIN G W IT H  OR W IT H O U T  TR EA TY

Senator H umphrey. 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 lie no greater than the  r isks th at are currently present with our 
legal underground testing, isn’t that a fact?
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Dr. F oster. I think, sir, the question really is only one of potential 
asymmetry.

Senator  Humphrey. Would you mind explain ing that  to a layman 
a little more precisely ?

Dr. F oster. Cer tainly. Ours is a relatively open country.
Senator H umphrey. 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 Union as they do about ours.

Senator Humphrey. Yes, I understand that.
Dr. Foster. The whole issue then just turns on verification.
Senator  H umphrey. 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 Humphrey. There is no treaty tha t governs underground 

testing; so there is no way that you could accuse the Soviet Union of 
violating any agreement. The only thing you can accuse them of is 
excessive test ing. We could be doing exactly the same thing.

Dr. Foster. That is right .
Senator Humphrey. Now my point is, if the Presiden t were to pro­

pose an immediate cessation of all testing pending a negotiated agree­
ment tha t would have binding effect as international law, would he be 
any worse off' than we are presently ?

Dr. F oster. Yes, sir, I believe we would.
Senator H umphrey. Just tell me why.
Dr. Foster. We would surely forgo the benefits of underground 

nuclear testing. The Soviets would forgo some, hopefully some, of 
thei r current program. But those crucial ones at low yield or higher 
yields they may not forgo, tha t would give them a unilateral advan­
tage.

Senator  Humphrey. 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  1 have just stated. I think it is proper  that  we get 
your scientific and professional comment on it.

SHO ULD  MORE SEISM IC RESEARCH  BE DO NE?

Just a question that  was brought  to my a ttention , Doctor Lukasik. 
In testimony on the fiscal year 1973 budget, 1 have been informed th at 
you had said that  seismic monitoring funds were being cut 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. Lukasik. 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 th at 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 th at time 
it was our hope tha t what we had learned about seismic ins trumenta­
tion could be capitalized on by o ther people to deploy the sorts of in-
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strumentat ion tha t 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 t hat  the answers th at had been produced were not 
adequate as the basis of the kind of national security judgments tha t 
were involved; therefore,  we were asked to continue our research 
program.

We pointed out tha t 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 instrumenta tion, intending to learn more about the problem and 
to resolve further  the seismic verification issues.

COMPARATIVE BUDGETS FOR FIS CAL YEAR 19 74  AND FISC AL YEAR 19 73

Senator Humphrey. W hat is your budget estimate for fiscal 1974 as 
compared to fiscal 1973?

Dr. Lukasik. We have increased th is program by 40 percent. We 
have gone from $10 million to $14 million.

Senator Humphrey. Is tha t for research or is th at for the equip­
ment that  you are  placing about in different parts  of the world?

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

Senator Humphrey. You say about a 40-percent increase in your 
budget. Is tha t correct?

Dr. Lukasik. Yes, in this area of  the DARPA program.
Senator H umphrey. How much increase in research funds? I want 

to separate instrumenta tion, location, placement, all the costs that  go 
into the instrumenta tion. How much in research?

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

Senator Humphrey. How much research funds did you have in fiscal 
1973?

Dr. Lukasik. We had essentially the same level of research funding.
Senator Humphrey. How much in salary increases have you had to 

take on since then?
Dr. Lukasik. Well, this is all contract  research. We don't keep track 

of specific salary increases.
Senator  Humphrey. I see.
Dr. Lukasik. Each year it costs a li ttle  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 H umphrey. Hopefully.

importance of maintaining rate of research 
IN  SE ISM IC AREA

I am very worried about the Federal Government research budget. 
Tha t is why I am asking you these questions. I think it is t erribly 
impor tant tha t the rate of research in this area be maintained at a
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level th at  pee rs into the fu ture , so to  speak. I mean so th at  you can 
do the kind of  th ings  th at  need to be done. It  is one th in g to  apply  
the rese arch now, as you are  wi th yo ur  in str um en ta tio n packages, so 
to speak. But  the  same level of  rese arch fund s fo r fiscal 1974 is not 
very en coura gin g to me.

I)r . Luk as ik . Tha t ce rta inly  is a problem  of  grea t concern to me 
also, Mr. Ch air ma n. Wh ere  it is pa rti cu la rly difficult is not so much 
on a year- to- year basi s but ove r the  long term,  ove r a 5- or  10-year 
per iod  in which inf lati on of  costs does constitu te a serious  erosion 
of  the  level of scientific  effo rt th at  one can ap ply to any  prob lem.

Se na tor  H umphr ey . I)r . Foste r, will you be te st ify ing befo re the 
App ro pr ia tio ns  Co mmittee?

Dr. Foster. Yes, Mr. C ha irm an , I will.
Se na tor  H um phr ey . I know wha t the  grou nd  rules a re when a m em­

ber  of the  executive bra nch  testi fies before  these committ ees,  and I 
do n’t expect you to bre ak  those rules . But in case you are  asked a 
que stio n abou t the  adequa cy of  research fun ds,  pa rti cu larly  in th is 
seismic area, and in the whole area of  mo nit ori ng  of nuclear explo ­
sions . I hope  th at  you wil l give  a pro fes sional  judg men t as well as a 
OM B jud gm ent. 1 do not con sider OM B to be a lways  p rofess ional ex­
cept as acc oun tan ts. I know they  hav e a job  t o do, bu t I  wanted to be 
sur e th at  we h ave  yo ur  pro fessional  jud gm ent because I respect it, on 
the one hand  a nd , second,  I th in k it is go ing  to  be very much needed if  
we are  goi ng to proceed even with SA LT II . I mean the  whole pr o­
gram  of SA LT  II  is involve d in a lot of  th ings  t ha t you are doin g.

We a re th roug h here.  W e than k you fo r your pat ience and  fo r y our 
pa rti cipa tio n.

Th is aft ern oon at 2:30 the  commit tee will reconvene with Am bas ­
sado r Har rim an , Dr. Scovillc. an d Dr. Panofsk v.

[W hereu pon, at 1:()() p.m. , t he subcom mit tee was recessed until 2:30 
p.m. of t he same day .]

AFT ER NOON SE SS IO N

Se na tor Mus kie. The com mit tee will be in order .

CO M M EN DA TI ON OF W IT N ESS

I th ink it is a pp ro pr ia te  th at  we sh ould  begin the  aft ern oon session 
with a dis tin gu ish ed  witness who has  been  a pa rt ic ip an t in so many  of 
the  grea t events of  o ur  time  going  back to the tim e when I was a col­
lege student.  Th is  man  was a key figure in the  develop ment of  the  
Lim ited Test Ban Tr ea ty , and  has  been close to the  issues involve d in 
th is whole subjec t of  arm s control for  a long tim e.

I have ha d the  privil ege and the personal  pleasu re of  b eing associ­
ated with him in wavs th at pe rm itt ed  me t o obse rve how he opera tes  
and  how his  mind works and how he forms  jud gm ents,  and I can’t 
th ink of  a man  whose obs ervatio ns on sub jec ts of th is  kin d will  com­
ma nd more  respect from me th an  Am bas sador Har rim an . I am de ­
lig hted  th at  he is able  to be here, and  th at  he is rea dy  to tes tify.  I  
must say th at  the  telev ision cam eras missed t he best pa rt  o f the day as 
fa r as I am concerned in no t stay in g over fro m the  m orning  sess ion to 
the  af ternoon.
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STATEMENT OF HON. W. AVERELL HARRIMAN

Mr. H arriman. Thank  you, Mr. Chairman. If  I  may  say so, I want 
to congratula te you for your  pa rt in evo lving Senate Resolut ion 67, 
and  I  am gr ate fu l for  th is oppo rtu ni ty to tes tify in ful l supp ort o f t his  
resolution .

I sup port it  bo th because it calls  fo r actio n which I believe to be in 
the  i nte res t of the  nat ional security of the  Un ite d State s—the neg oti ­
ation of a comprehensive  n uclear  tes t ban trea ty—and because  it pr o­
poses a sensible way to get  neg otia tion s sta rte d to arr ive  at  thi s 
object ive.

REASONS COM PREHEN SIVE TEST BAN IN  U.8. INTERE ST

The  reason I believe a comprehensive nuc lea r test  ban  to be in the 
inte res ts of  th e Un ited Sta tes  a nd of wor ld peace  is th at  it will be an 
effective dam per  on the ever-ex istin g t em pta tio n to develop new weap­
ons systems whether  we need them or not—even whether they are  d an ­
gerous or not. A comprehens ive test  ban will be a logica l foll owu p to 
the SA LT  agre ements which , while  lim ning  ABM's  and  res tri ct ing 
the  num ber  of cer tain offensive del ivery system s, did  not preven t a 
quali ty race in weapons systems. A comprehensiv e test  ban  would not 
only reduce  vas t e xpe nditures  on this  dang erous arm s race bu t preven t 
the  possibi lity  o f such a quality  race leadin g to a b reak thr ough  which 
could upset the  present balance. It  would, of  course, preven t the  fea rs 
of  th e possible deve lopment of weapons by the  U.S .S.R . sui tab le for a 
preemptiv e first, str ike—a development which would  be dan gerously  
des tabi lizin g. I t  would have the same effect on the  Un ite d Sta tes , bu t 
thi s would  not be a disadv ant age  since we have sta ted  tim e and time  
aga in th at  we do not wish to develop weap ons systems with  th is  
cap abi lity .

The  neg otiation for  a comprehensive test  ban  trea ty  is necessary  
for  the  United  State s to live up to an in ter na tio na l commitmen t of 
great  imp orta nce  to the U.S. efforts to obtain  wide adhe rence to the  
No n-Proli fer ati on  Tre aty . As thi s comm ittee  is awa re, the  Un ited 
State s in the Lim ited  Test Ban Trea ty , neg otia ted by Presi dent Ke n­
nedy.  pledged itself  to continue neg otiatio ns to ban all nuc lear weap­
ons test explos ions. Thi s comm itment was reaffirmed in the Non -Pro­
life rat ion  Tr ea ty , negotia ted under Pres iden t Joh nso n and. rati fied by 
Pre sident  Nixon . Thu s, three ad mi nis tra tio ns  have  underta ken thi s 
comm itment.

It  is dear th at  oth er countr ies  of the  world  take thi s com mitment 
of ours quite  se rious ly. I have  grav e dou bts  t ha t we can have  any suc­
cess in persu ading  cer tain  potent ial nuc lea r powers to conside r seri­
ously  the No n-Proli fer ati on  Tr ea ty  as long as we are  con ductin g an 
extensive series o f un der gro und tests.

REASON GIVEN FOR INAB ILITY TO REACH AGREEMEN T NOW INVA LID

Fo r many yea rs—since 1958 in fact—it has been gen era lly accep ted 
that  a comprehensive test  ban would be in our  nat ional ini erest. The 
reason given for  our inab ili ty  to reach agre ement on a comprehensive 
test  ban has  been our in ab ili ty  to o bta in agre ement on onsite inspe ction.
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once thought  necessary to verify such an agreement to prevent viola ­
tion thro ugh 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 is 
doing so, is s imply doing so, in order to block any chance of a tr eaty 
being negotiated. Mr. Chairman.

Everyone knows the Russians will never agree to this. There are 
many reasons for tha t, and T can explain it fur ther  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.

RE AS ON S FOR CHA NGE IN  PO SSIB IL IT Y  OF HAV IN G  AG REE M EN T

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 seismic 
means and other national means of detection. T understand tha t this 
committee will have direct testimony on this subject bv qualified 
scientific experts later this  afternoon. I will limit my remarks to say 
that  I am advised by scientists whose judgment I 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 practica lly nonexistent. The 
tests that  might escape detection and identification 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 sufficient un­
certain ty 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 SAL T agreements which pro­
vide that they will be verified by each side by national  technical means, 
that  neither side will in terfere 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 thei r own right  in that  
they assure that  U.S. satellite reconnaissance capabi lity 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 are also helpful as a potential model for s imilar 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 I 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 yield 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 impor tant 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 sus­pension of underground nuclear tests so long as the Soviet Union abstains from testing, a prac tical way of getting  negotiations off to a 
good s tart. A similar action taken by Pres ident Kennedy in 1963 p ro­duced just such a result. On June  10, 1963, at American University , President Kennedy, after  having announced th at high level talks on a nuclear test ban treaty  would soon begin in Moscow, made the following statement:

To  mak e c le ar ou r good fa it h  an d so lem n co nv ict ions  on th e m att er,  I now  de cl ar e th a t th e U ni ted S ta te s does no t prop os e to  co nd uc t nu cl ea r te s ts  in  th e atm os ph er e so long  a s ot he r st a te s do not  do so.
This statement pushed off of  dead center nuclear test ban negotia­tions which had been going on for some 5 years. The Limited  Test Ban Trea ty was agreed to in Moscow on July 26, 1963, less than 6 weeks later. This treaty truly started the era of negotiations be­tween the T nited 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 Limitat ion Treaties were all made possible by this breakthrough. The world is a safer place for it. In fact, Mr. Chairman, I th ink it would have been a safer place if we could have had a comprehensive tes t ban at tha t time, but there were Senators who made that difficult.

FIRST MAJOR ECOLOGICAL AGREEMENT

We should not forget also tha t it was the first major ecological agreement. One forgets the fear that  people had from the contamina­tion of the atmosphere. It  is no longer necessary, for instance, to wi th­hold milk from children in some of the midwestern markets because of radioactive iodine contaminat ing 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 I hope we will use it, sir, as a guide to your efforts to fur ther agreements in this field.
“bargain ing  chip  theor y”

There are people, including some in high positions, who will oppose our suspension of  underground tests—even though conditioned upon 
an exercise of similar restra int by the Soviets—upon the “bargaining chip theory,” I put tha t in quotes. According to this theory any re­
stra int on our par t will deprive the Soviets of an incentive to nego­tiate. According to this theory the onlv way to persuade the Soviets to negotiate is to act as tough as possible. Announce a massive under­ground 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 completely overlooks the fact tha t there 
is a spectrum of official opinion in Moscow—ranging from the ha rd­
liners to those who seek a negotiated accommodation in order to reduce 
milita ry 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 differently 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 ha rd­
liners in Moscow and pull the rug out from the under those who argue 
for negotiations. I can say even in Sta lin’s day during the war, I 
was conscious of differing views in his Politburo on questions that 
were still open for policy decisions.

SE NA TE  RE SO LU TI ON  07  IN IT IA T IV E  B ES T WAY  TO G ET NE GOTI ATI ONS STA RTED

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 simila r rest rain t is, in my opinion, the best way 
to get negotiations star ted 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 Pres i­
dent Nixon could well do so today.

H O W  SOON TO BE GIN  NE GOTI ATI ONS

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 fo r some 
15 years and there is now, I  believe, no good reason for fur ther  delay. 
In fact, I would hope th at it might be the  subject of discussions be­
tween President Nixon and Secretary  Brezhnev at thei r 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. I f 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.

W H E R E  NE GOTI ATI ONS SH OU LD  TA K E PL AC E

Another question is where the negotiations should take place. I be­
lieve they should be in Moscow as they were in 1963. I t 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 press ing 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, 
Mr. Chairman. They wanted us to get out of town. If  you have high 
level negotiators—we also had a British mission headed by a member



106

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. F or other negotiations such as 
the present discussion in regard to SALT II , 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 basic differences and 
then they could be handled on a high level.

CHAR ACTER OF U.S. DELEGATION

Now, another question is the charac ter of our delegation. I am satis­
fied that  the higher the level the more effective it will be. In obtaining 
the SALT decisions, 1 understand tha t I)r. 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 Atlant ic speech, 
in negotiations left solely to the experts “inevitable competitiveness . ..  
will dominate the debate.” I f you leave it to experts they will never 
agree, Mr. Chairman. I  say tha t 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, 
tha t 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 SUBSTAN TIVE  MATTERS TO BE DEALT W IT H

There are other substantive m atters tha t 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 i f only meaningful 
negotiations are commenced.

SENATE RESOLUTION  67 SUPPORTED

I wholeheartedly support Senate Resolution 67. I earnestly hope it 
w ill 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 t reaty could not only save vast expenditures for other 
urgent  national needs but also contribute to substant ially a safer world.

W HY RUS SIANS DID N’T WA NT ONSITE INSPEC TIO NS

Senator Muskie. Thank you very much, Ambassador Harriman. It  
is an excellent statement, particularly in putt ing in perspective the 
problems of negotiating with the Russians.

I don’t suppose there is any man alive in America today w ho 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 w’ant onsite inspection. I wonder if you would expand 
on tha t at this  time.
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Mr. H arriman. I  c an tel l you a li ttl e. I had a d iscus sion with Cha ir ­
man  Kh rushchev a t t he  tim e. He  had  m ade a proposal fo r t hre e ons ite 
insp ect ions some 6 m onths  before, which was tu rned  dow n because we 
wante d seven. He  said  he had wi thdraw n them and when we began to 
arg ue  about th at  he sai d, “W ell , nobody will  make  me believe if you 
let a ca t in to  the  kit chen  th at  he will go fo r the mouse when  he sees 
a piece of  cheese ly ing  close by. Th e cat  will  grab  the  cheese when 
nobody is  looking .”

Now they  may  be psychopathi c on the  sub jec t of the  pos sib ilit y of 
subv er tin g th ei r system an d of  th ei r sec uri ty,  hut th at  is the  n ature of 
the whole  Sov iet syste m. The Russi an Government  was alw ays  sus­
picious o f for eig ners,  a s yo u know, th roug ho ut  h istory, and the  Soviet 
leaders tod ay  are  influenced not only by Com munist  ideo logy  but by 
Russian psychology . T hey will  ne ver  allow onsite  inspectio n in a m ean ­
in gf ul  way. I f  one goes int o the de tai ls of what our experts  believe 
would be ne cessary—i t requir es inspec tion  o f all kin ds and na ture  a nd 
a review of lar ge  area s w hich will  neve r be pe rm itted  because t hey will 
be suspicious th at  i t wil l be used to, to use th ei r word , to spy  on them 
fo r othe r purposes. And  t hi s is u nf or tu na te ly  one o f the psyc hologica l 
blocks that  we face,  an d if  we wa nt  a tes t ban—comprehe nsive tes t 
ban—I am ut te rly satisfied it is useless to discuss o nsite insp ect ion  of a 
na tur e th at  wo uld be m eaning ful to our exp ert s.

CLOSEST  W E CA M E IN  NUM BE RS  ON  ONSI TE  IN SPE CTIO N S

Sena tor  Mus kie. W ha t was t he  closest  we came in num bers on  ons ite 
insp ect ion  ? W as it s even th at  we requir ed ?

Mr. H arriman. We ll, Mr.  Kh rushchev  offered in, I th ink it  was, 
December 1962, thr ee  ons ite inspections . A t th at  time we said "No. 
we had  to have  seven .”

Now, with the numb er of  explosions  th at  migh t hav e tak en  place 
as again st earth quakes  in ce rta in  areas, in which there  were a numb er 
of  ear thq uakes, we th ou gh t seven would he necessary . At the time 
some of our ex pe rts  t ho ug h three would be ade qua te because it wou ld 
give  us a spot  check  which wou ld make  the  Sovie ts un wi lling  t o run 
the  risk of dete ction. Bu t we fai led  to accept , and Kh rushchev with ­
drew it. He  said “We mad e a mis take in offering th ree.” But  the n 
when  I saw the  de tai ls of wh at ou r experts  would demand in the way  
of the  kin d of insp ect ion , T don’t rem ember  them all.  bu t the lar ge  
are a over which we wou ld have helicopters ran ge  and the  numb er of 
hole s we would hav e to dr il l, and th at  so rt of th ing,  T don’t reca ll it 
all,  I  am satisfied  th ey nev er w ould  hav e agre ed to it.

As T underst and it. of the ch arac ter of onsite  in spectio ns was not di s­
cussed. The Russians  threw out onsi te inspec tion  as a pr inc ipl e, bu t 
I am satis fied we will nev er have come to an agreem ent  on wh at  is 
rea lly  need ed in  the  way of  ons ite inspe ction.

adequacy of satellite photography

Th ere  will be e xpert  t est imony. I expect,  la te r t hi s aft ern oon. There  
is not much use in my te st ify in g on it, hut  I am satis fied th at  o ur  sa tel ­
lite  p ho tograp hy  does give us adeq uat e chance  o f ca tch ing  any a tte mpt  
to evade.
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Senator Muskie. It  was our insistence-----
Mr. I Iarrimax. 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 tha t one test in this small range will achieve 
very little. Also through this commission which has been set up, any 
suspicion t hat  we have can be taken up and we can inquire more and 
more about it. Tha t is a very important new aspect—that came out, 
I thought very successfully, in the SALT I  treaty.

W H Y  WER E SEVE N ONSI TE  IN SPE CTIO N S MO RE U SEFU L T H A N  T H R E E ?

Senator Muskie. In those terms why were seven so much more useful 
to us than three at that time? Do you recall that?

Mr. Harriman. I have forgotten how many conceivable earthquakes 
could have taken place tha t 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 matte r of 
judgment. I think later on some o f our people thought we ought to 
grab the three while we could, but we d idn’t. We missed tha t oppor­
tunity, if indeed it  was an opportun ity. I am not sure we ever would 
have agreed on the terms of onsite inspection.

WER E DE TA ILS  OF  ONSI TE IN SPE CTIO N S DISC US SE D?

Senator Muskie. Did we ever get into details with them on that?
Mr. Harriman. I understand we never discussed the details. We 

only discussed the theory of onsite inspection. I 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 tha t anybody would have thought the Russians would ever 
agree to such an inspection, and I was satisfied myself tha t Khru­
shchev would have withdrawn the three even before he did.

Senator  Muskie. Well, I wonder if the American people were aware of-----
Mr. H arriman. I am not objecting to our experts proposing these 

but, as a m atter of fact, I 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. H arriman. 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 th eir 
reaction might be to Russian inspection teams flying helicopters over 
the countryside checking on our nuclear posture.

BE ST  TO CA LL  A HA LT TO AR MS  RACE

Mr. H arriman. Well, I know that some people are sincere in not be­
lieving a comprehensive test ban is a good thing,  tha t it is best to have
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the arms race go on and tha t our interests are better served if  we let 
our scientists keep ahead of  the Russian scientists at vast expenditure.

But I am convinced tha t it is best for us to call a hal t. 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 Muskik. I think tha t is-----
Mr. H arriman. 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 nonpro lifera ­
tion agreement.

On the other hand, if  we stop test ing entire ly we have a very dif fer­
ent situation in attem pting  to induce some of these potential nuclear 
powers in signing up.

READINESS OF RUSSIAN LEAD ERSHIP TO RESPOND TO IN IT IA TI VE

Senator  Muskif.. Do you believe the Russian leadership is ready to 
respond to this kind of initiative?

Mr. H arriman. I  can only guess tha t, but I believe they will be. The 
last time I talked to Mr. Kosygin, a comprehensive test ban was high 
on his list of priori ties. He put nonproli feration down, comprehensive 
test ban, reduction in our nuclear weapons, and fur ther reduction in 
our milita ry budgets, incidentally, improvement in our trade  rela­
tions and improvement in our personal contacts. Since the Soviets have 
gone 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 th eir lap or the buck be in thei r lap if they 
decline.

Senator Muskif.. If  they were to sign-----
Mr. Harriman. I can’t guarantee  it, sir, but I would think tha t 

negotiations of th is kind carried on discretely to begin with and then 
openly, might well achieve results that you wish.

PO SSIBIL ITY  OF SOVIETS TRYIN G TO EVADE CO MP REHENSIVE  TES T BAN

Senator Muskif.. If  they were to  sign such a treaty, would you ex­
pect them to try to evade a comprehensive test ban ?

Mr. H arriman. 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 tha t 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 
thei r agreements. Well, an interest ing thing in our test ban treaty 
negotiations, one of the toughest provisions tha t Gromyko did n’t want 
to agree to was a provision for e ither side to terminate the agreement. 
He said the Russian view was th at any nation has the r ight to repudi-
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ate any treaty at  any t ime that  i t is no longer in its  interest to carry 
out. When I said tha t wasn’t our view, he maintained tha t such an 
agreement would compromise that  principle. We finally found some 
language tha t 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  I  
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 Case.
Senator Case. Governor, it is nice to see you again.
Mr. Harriman. Very glad to see you, sir.
Senator Case. I  always remember how when we first met on a cold 

spring  day up in Schenectady.
Mr. H arriman. I  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 I  thought another. 
But on principle , as I  recall it, sir, we agreed on the best policies for 
our Nation.

Senator Case. Tha t was almost the beginning of your political 
career; a most distinguished one.

Senator Muskie. Thank you very much, Ambassador Harr iman . I 
can’t think of more important testimony we have had today and we 
appreciate your taking the time. It  is good to see you looking so well.

Mr. H arriman. Well, I must say I hope you succed in bringing 
this resolution to a vote very soon and you have an overwhelming 
majority.

Senator Muskie. 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. Panofskv 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 H arriman made 
reference. We, as well as he, are looking forward  to your enlighten­
ment on the technical aspects of this problem.

STATEMENT OF DR. WOLFGANG K. H. PANOFSKY, DIRECTOR,
STANFORD LIN EAR ACCELERATOR CENTER, STANFORD U NIVER­
SITY

Dr. P anofsky. Thank you very much, Mr. Chairman.
I apprecia te very much the opportunity to present my views to this 

committee on Senate Resolution 67. dealing with the important  prob­
lem of transi tion from the limited Nuclear Test Ban Trea ty of 1963 
to a fully comprehensive agreement. To avoid any misunderstanding  
let me state here th at I 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 relat ing 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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technica l arg um ents of  grea t st reng th  ei ther  fo r or ag ains t a comp re­
hens ive tes t Ban trea ty  [C TBT].

MILITARY NEED FOR CONTINUED NUCLEAR TESTING

I would like  to div ide  my tes tim ony in a number of sections. F ir st , 
I would like  to ta lk  abo ut the  mili ta ry  need fo r con tinued nucle ar 
tes ting.

My f irst rem ark  is that  the  arms  race is m uch more  dec isively affec ted 
by nonnuclea r develop men ts, both fo r str ateg ic  and tac tic al war fare , 
than  it  is by nucle ar developmen ts. Whil e it  is therefore difficu lt to 
make  a case th at  a complete nucle ar tes t ban trea ty  wou ld be a major  
fac tor  in slow ing  the arm s race , a com plete nucle ar test  ban  trea ty  
would not be a th re at  to U.S . sec ur ity  wh eth er or  no t eva ded  by the 

« Soviet Un ion  to the lim ited exten t fea sib le and may  in fact  be a st a­
bil izin g element.

Nu cle ar wea pons tech nology  can  justl y be desc ribed as ap proa ch ­
ing  m at ur ity:  Furt her  advances are ap t to be refin eme nts of presen t 

. ar t ra th er  th an  gen uine innova tion s. W arhe ad s fo r str ateg ic  missi les
have alr eady  been developed th ro ug h severa l generat ion s of design. 
While tacti ca l nucle ar weapons an d nucle ar ae ria l bombs hav e not 
been modernize d to as lar ge  an ex ten t th is  sit ua tio n is more a con­
sequence of  the  low pr io ri ty  assi gned to such  moder nization wi thi n 
the U .S. Gover nment  th an  to  limi tat ion s in technology.

I would like  to emp has ize  t hat  n uc lea r weapons testi ng  is no t a tool 
fo r basic  science, th at  is, fo r ob tai ning  newT fact s abo ut na ture , bu t it 
is a development  prog ram tryi ng  to  impro ve a pr od uc t; the ref ore, 
one m ust decide w he ther  the  pr od uc t is wo rth  th e price.

The recent  nucle ar test  prog ram ha s pro duced  moder ate  advances 
and useful,  b ut  n ot su rp ris ing,  data . Notwith sta nd ing t he  bas ic l im ita ­
tions  on dram ati c impro vem ent s in nucle ar wea pons technology,  a con­
tin ui ng  nucle ar explosives test  prog ram  in the  absence  of a comp re­
hens ive tes t ban trea ty  m ight  co nta in the fol low ing  elements :

A. Tes ts o f specia l emiss ions fro m nucle ar w eapo ns.
B. Impro veme nts  in su rvivab ili ty  of  reen try  vehic les in a hos tile  

env ironment .
C. Imp roveme nt in efficiency o f nu cle ar weap ons.
D. Re packaging  of  nuc lea r devices f or  sp ecia lized uses.
E. Impro veme nts  in economy in the  use of  spec ial mater ials.
F. Ma inte nance of  the nucle ar stockp ile and gen era l proo f tes tin g.
G. “Effects” tes ts to examin e vu lnerab ili ty  of mili ta ry  or  civ ilia n

• str uc tures to nucle ar weapons effects.
H. “ Plow share ” tes ts (i.e. peac efu l uses o f nu cle ar exp los ion s).

PERFORMANCE OF MISSILES IN  ABM ENVIRONME NT
•

I t  will  be noted th at  t he  f irs t two items in th is lis t rel ate  to t he  p er ­
formance  of miss iles in an AB M environment,  and, quite ap ar t from 
the  l imited int rin sic  m eri t of  such improvements, t he ir  im portance has  
been gr ea tly  reduced  by v irt ue  of the  S ALT I  agreement .

STOCKPILE READINESS AND WEAPONS RELIABILITY

Now let  me tu rn  to stockp ile readiness  an d wea pons rel iab ili ty . I t 
is of key importance  to the sec ur ity  of  th is Na tio n an d the wo rld  that
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nuc lear stoc kpi les remain under tigh t control . Ye t un til othe r in te r­
nat ion al sec uri ty arr ang ement s are  form ula ted  which do not involve 
the  pot ent ial  use of nuclear  weapons, stockpiles must rem ain  ready 
for  use. A t times the  need fo r nuc lea r tes tin g has been identif ied with 
the  requirement of mainten ance o f t he  nuc lear s tockpile  a nd impro ve­
ments in its secu rity . Since  non nuclear methods are  ava ilab le fo r thi s 
purpose I do not cons ider th is to be a  vali d reason fo r opposit ion  to  a 
comprehensive nucle ar tes t ban.

A comprehensive nuc lear  tes t ban  would certa inly reduce the  cre ­
ati vit y of the  weapons labora tor ies—a circums tanc e pe rta in ing both 
to the  Un ite d State s and  the  U.S .S.R. or oth er sign atories . Exten sive 
com putatio ns and  lab ora tory sim ula tion act ivit ies,  increased empha­
sis on exp erim ental pro gra ms  of int ere st to weapons des igners—such 
as lase r-fu sion exp erim ents and  cont rol led  ther mo nuclear pro gra ms — 
would do a gre at deal tow ard  main tai nin g the  vi ta lit y of the  
labora tor ies .

A pr im ary consequence of a comprehensiv e nuclear tes t ban  would  
be some reduct ion  of  confidence o f the  s ignato ries  in  the pred ictab ili ty 
of the  exa ct perf orm anc e of nucle ar weapons.  In  my view th is  ci r­
cumstance is on balance beneficial, since it  w ould  make nucle ar wea p­
ons even less usefu l for firs t-s trik e, preemptiv e purposes . The Con ­
gress  h as heard  test imony du rin g the  pas t yea rs abo ut the  concerns o f 
some mili tary  planners  reg arding  the  possibi lity of a dis ab lin g first  
str ike  which  mig ht be achieved again st the  U.S. land-based mi nute­
man force by hig hly  a ccurate  enemy M IR V’d miss iles;  conversely , th e 
Soviets shou ld have at least  as larg e a concern aga ins t such a str ike  
from  the  United Sta tes . Many severe technica l difficulties make a 
“fi rst s tri ke ” scena rio exceedingly  imp lau sib le; un der all  ci rcum stances 
it r equ ires  high confidence in near  100-percent re lia bi lity o f the nu clear 
weapons system —exceedingly difficult to ma intain  once a com prehen ­
sive nuclear test ban is in force. On the oth er han d, t he fun ction  of our 
nuclear strate gic  weapons in de ter rin g an att ack by an oppone nt 
rem ains uni mpaired by the  sm all poten tial  decrease implied by a com­
preh ensive nuclear  tes t ban in the  high rel iab ili ty of  th ei r nuclear 
warhead s.

EF FICIEN CY  OF NUCLEAR WEAPONS

Next, let me t alk about efficiency of nuc lea r weapons. There  is lit tle  
dou bt that  con tinued nuclear tes tin g can  achieve some l imited gains  in 
economy o f futur e nuc lear  w eapons systems, both  in terms  of economy 
in use of special ma ter ial s and wha t is called the  “yield -to -weight 
ra tio .” or more colloquially  t he “bang  f or  th e buck.” Quite  a pa rt from  
the  question wheth er such improve men ts pay  fo r the cost of the  re ­
search and deve lopment pro gra m to supp or t t hem in purely economic 
term s, it is also clear th at  the  deter ren t value  o f our nuc lea r weap ons 
is extremely insensit ive to such improvements. Even if  a nuc lea r 
weapon attack s a w idespread  urb an tar ge t, the dam age  increases more  
slowly tha n the explos ive power pro ducing it. I f  the  ta rg et  is small 
then the  increase in dam age  prod uced  by an increase in explosive 
pow er is even less sign ificant.  There fore the  usefulne ss o.f weapons of 
very  larg e explosive power in a de ter ren t role is qui te lim ite d;  th is 
has  been recogn ized by U.S . des igne rs a long time ago and fo r th is 
reason the del ibe rate  choice was made to forgo  very  large  thr ow
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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—eithe r to c ivilian or mi litary  ins tallations—at a level consid­
ered “unacceptable” to any opposing nation. The SAL T trea ty 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 grea t 
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 penetra tion aids in a missile warhead, or, alte r­
nately permit increases in the explosive power of existing configura­
tions. In parti cular a comprehensive nuclear test ban might prevent 
increases in yield of MIRV’d missile systems. This limita tion might 
make attainment of a Soviet MIRV force extremely difficult, if not im­
possible. I also note that there are stric tly 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.

COM PE TIT IO N BETW EE N N ONNU CLEAR AN D NUCLE AR W EA PO NS 
DE VE LO PM EN TS

Let me turn  to the competition between nonnuclear and nuclear 
weapons developments.

Improvements  in warhead accuracy 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 na ture of the  nuclear warhead it car ries; this l atte r 
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- 
SAL T I era with its restra ints on ABM such considerations have be­
come of greatly decreased importance.

To summarize those last two remarks: In general it is much more 
impor tant for milita ry application of nuclear weapons that they come 
close to the target, than  that  the explosive power which they carry  be 
very large.

I therefore  conclude that nonnuclear development rath er than  nu­
clear developments are of greatest  concern in relation to maintenance 
of strategic s tability and that the stra tegic balance cannot be critica lly 
affected by advances in nuclear weapons technology on eithe r side. 
There exists no agreement among milita ry analysts  as to the useful­
ness of nuclear weapons in tac tical warfare, that is use on the batt le­
field, and happily  tactical nuclear weapons have never been so used. 
Nevertheless, here also fu rthe r improvements of  tactical nuclear weap­
ons in themselves are not the controlling element whether and how 
such instruments of war shall be used.

QUEST IO N OF  V ERIF IC A TIO N  OF COM PL IA NCE

I will next turn  to the question of verification of compliance with 
the provisions of a test ban t rea ty;  this question has been so much in
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focus. There  is lit tle  ques tion  th at  a CT BT wou ld ha lt  n uc lea r weap­
ons develop men ts o f n atio ns com ply ing  w ith  the  ag reement. Cur rent ly  
we conside r the technolo gica l sta tus of  the U.S.S .R.  and the  Un ite d 
State s of  Am erica to be wel l-matched, alt ho ug h the  Un ite d St ates  
might be ahe ad in respect to lower yield weapons  and  has  a l ar ge r in ­
vento ry of past test  experience. Nonnucl ear  nations could poss ibly  
develop a few very crude nucle ar explosives bu t could no t produc e 
efficient weapons or  the rmonuclea r devices witho ut tes ting. The U.S . 
Government  has fre quently  reaffirmed its support  for an ade quate ly 
verif ied CT BT wi tho ut spec ifica lly defi ning the  term . Due  to the de­
cre asing significance of nucle ar weapons imp rovements, the  ris ks  of 
evasion are  cle arly lessened;  at the  same time the techniques fo r ve ri­
fication of eva sions are  im proving.

T would like  to digress her e to poi nt out th at  cle arly what is meant  
by “adequate ver ific atio n’' should  be tai lor ed  to the  mili ta ry  signif i­
cance of wh at we are  tryi ng  to verify. As Sena tor  Kennedy  pointed 
ou t th is mo rning , we have  set a preced ent  in the  trea ty  ba nn ing bio­
logical weapons. Cle arly clandest ine  manufac ture  of biolo gica l weap­
ons cannot  be verif ied by objective mean s but. neverth eless—and T 
concur  with th at  decis ion—the  Uni ted State s has  fel t it was in the  
ne t int ere st of thi s country  and  of  hu ma nit y to ban  them.

Th ere fore,  l ook ing  a t “adequate  ver ific ation” as  an ab str ac t concept 
which can be defined wi tho ut looking at the  mili ta ry  signi ficance as 
to wh at you are  try in g to control  is sim ply  abs urd . T believe the  mat­
te r o f m ili ta ry  sign ificance versus ease of  verif icat ion has to be weighed 
ag ain st one ano ther.

SEIS M IC  DE TE CT IO N AN D ID EN T IF IC A T IO N  PR OB LE M

Le t me next tu rn  to t he seismic  detec tion  and  id ent ificatio n problem.
Tn view of  the foreg oin g discussion the  recent advances in seism ol­

ogy,  and de tec ting and  iden tif yi ng  un de rgr ound  explosions  are  pos­
sibly less im po rta nt  tow ard  prom oting  a CT BT  than  as scient ific 
achieve men ts in thei r ow n r ight . As you have  he ard  f rom  h ighly q ua li­
fied witnesses th is morning. Dr . Ev em de n and  Dr. Lu ka sik , such ad ­
vances in seismic i den tifi cat ion  and  detec tion  have  indeed been imp res ­
sive. Most im po rta nt  is the  fac t th at  the ga p between detection and  
identi ficatio n has  been subs tan tia lly  narrowed in recent years. Th is 
means th at  those  seismic eve nts  which can be detecte d at  all by the  
U.S . network  can also be classi fied with fa ir  c er ta in ty  into explosions 
and earthquakes w ith  increa sin g confidence.

Specifically the  number of  seismic events in the  Sov iet Union  un i­
den tified by the  presen t ne twork  at seismic ma gnitude  of. say. 4.5, 
has become a very small  num ber . Further  imp rov ement s in the  U.S . 
ne tw ork can be made if th ei r costs  are  conside red wa rra nte d. Mo re­
ove r the  othe r na tional tech nical means of veri fica tion , whose legi ti ­
macy  has been accepted  in the  SA LT  agreem ents, has  added to ou r 
means of iden tif ying  susp ecte d vio lations beyond th at  possib le by 
seismic means. As a resu lt the  an nual numb er o f seism ic ev ents  of mag ­
ni tud e more than  4.5 rem ain ing  unidentified mi gh t become less than  
one and  thus  the tot al numb er of nuclear tes ts which could be c arr ied  
out  clandest ine ly un de rgroun d bv the  Soviet Un ion , say at  a yield 
above  20 kiloto ns, would be  very sm all indeed.
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Q U ESTIO N  OF O N SIT E IN SPE C T IO N

Let me now turn  to the question of onsite inspection.
In dealing with the contentious question of onsite inspections one 

tends to lose sight of the nature of such an undertaking. Governor Har ­
riman did allude to th is situation to some extent. The presumption is 
tha t 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 
tha t area and engage in visual surveillance, either from ground or air , 
or to engage in such activit ies 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 adequate access. At best, on­
site inspection would force a violator to test at gre ater 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  radioactivi ty 
air  sampling toward  verifying  violation beyond tha t which can be 
acquired by o ther means of collecting information is minimal.

Mr. Chairman, this is a point which is generally overlooked when 
this matte r 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, 
then 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 i t 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.

QUEST IO N OF  DE LIBE RA TE  EV AS ION

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 contrived means is reintroduced. One should 
recognize th at any means of evasion, however successful technically, 
still involves a not negligible risk of detection: information leaks, 
either deliberate or inadver tent, can 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 would be difficult to see why a 
nation would sign a comprehensive nuclear test ban with the del iber­
ate intent of then proceeding with evasion.

Moreover, the costs of many of the evasion schemes suggested are 
very h igh;  I tend to believe tha t the U.S. security would actually be 
well served if the Soviets were to dedicate substantia l resources to 
such undertakings as nuclear tests in far  outer space involving com­
plex shields, or to tests behind the Moon, or to construction ot a big 
hole rather than to devote those same resources to effective nonnuclear 
milita ry developments. Moreover, some of the  deliberate concealment 
and evasion schemes such as hiding the nuclear test among aftershocks 
of natura l earthquakes, or detonating nuclear explosions in media of 
low seismic coupling involve many independent risks of detection such 
as the appearance of a visible subsidence crater.
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Consideratio n of such arti fici al mea ns of  evasion is fundam ental ly 
div ers ion ary  from the  main arg um ent and would  only  make sense if 
a sing le or  a very small num ber  of  tes t explosions would be of dra ­
matic mili tary  signi fican ce; as discussed above, th is is no t the  case.

Let me s umm arize the  conclusions con cerning seismic  d etec tion  and 
iden tific ation evasion. By cit ing  th e advances  in seismic detection and 
flag ging in pa rti cu lar the  achievements  in na rro wi ng  the ga p between  
detection  and identif icat ion I do no t mean to imp ly th at  evasion has 
become impossible. It  will always  remain tru e that, advances in seis­
mology can only  lower the  size of  an explos ion which  a dete rmined  
evader  could technically conceal. Dr.  Fo ste r will alw ays  be able  to 
make the  s tate ment he d id thi s m orn ing , and  I  quo te, “ We believe tha t 
there will be a sign ificant  residuum of seismic sign als  above some level 
whose o rig in we will not  be able to establish una mbiguous ly.”

Tha t sta tem ent  will always rem ain true, bu t it will pe rta in  to 
sma ller  and  sma ller  explosions each yea r and  it will be a matt er  of 
poli tica l and  mili tar y jud gm ent wheth er such seismic explosions are 
or are  not an acceptab le risk. In  my view, t he dec reas ing m ili tary  im­
por tance of nuclear weapons deve lopm ents , wheth er open or  con­
cealed , combined with the  ad vances in verification should make  a com­
plete  nuclear  tes t ban fu lly  acceptable m ili tar ily .

COM PRE HENSIVE BAN’S COMPATIBILITY W IT H PEA CEF UL USES OF NUC LEAR 
EXPL OSIONS

Le t me now discuss very  brie fly the  much  discussed issue of the  
com pat ibi lity  of a comprehensive nuc lear tes t ban with the  problem 
of peaceful  uses of nuclear explos ions  [ PN E].

There  exis t differences  in view, both  in the  Un ite d State s and I  
might  a dd in the Soviet  1 Tnion, concerning  the  eventual economic value  
of peaceful uses of nuc lear explos ions. However , the  U.S. Gover n­
ment  has curta iled ap prop ria tio ns  for  these pro grams. Essen tia lly  all 
pro jec ts which have  been proposed for the  use of such devices  are 
inte nde d to meet objec tives  which  could also be met by conventio nal 
means ; the refore , just ificatio n of peace ful nuc lear explosions has  to 
res t on economic grounds. Eco logical  dam age , rad ioa ctive conta mina­
tion , the need for rese ttlem ent  of local inh ab ita nts, and  oth er social 
consequences must be considered. Fo r thi s reason in the  U nit ed State s 
[but  not in the Soviet Uni on]  the  interest in the  pu rsu it of large  ex­
cav atio n pro jec ts using nucle ar explosives  has all but  disapp eared.

However , there  is su bst antia l inte rest  in  the use o f nuclear  explosions 
fo r stim ula tion of underground gas and oil reserves, undergr ound gas 
storage, rec lamation of geo therma l energy, et cete ra. If  such pro jec ts 
are  to make a sign ificant con trib ution to the  overall  economy, un de r­
gro und explosions must be car ried out in very large  numb ers ; yet 
the re is cons iderable  doubt that  pro gra ms  req uirin g hundred s of nu ­
cle ar explosions pe r y ear fo r th ei r exp loi tati on would be acce ptab le t o 
the  American people.

There  are doubts about the  com pat ibi lity  of a comprehensive nu ­
clear t est ban with peaceful  uses of  nuclear  exp losions, and non nuclear 
nat ion s have, in my view, become und uly  concerned and, may  I add, 
und uly  oversold about the  economic dis advanta ges they would  suffer 
if a comprehensiv e nucle ar test ban would freeze them out from the
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benefits of peaceful uses of nuclear explosions. I t may be desirable for 
political reasons to postpone consideration of peaceful uses of nuclear 
explosions to a later deliberat ion aft er 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 CTB T 
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 certain ly 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 us ing nuclear explosions 
for peaceful purposes can be limited but not eliminated by a variety  
of control measures such as the requirement for internationa l 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 itsel f—a measure which would certainly be un ­
acceptable to the United States  and the Soviet Union—evasion possi­
bilities remain.

EC ON OM IC EFF ECTS OF  C O M PREH EN SIV E TE ST  BA N

Let me now tu rn to the economic effects of a comprehensive nuclear 
test ban; here I might  differ with some of the other witnesses. Nu­
clear tests curren tly cost several hundreds of millions of dollars per 
year. While a comprehensive test ban trea ty 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 Trea ty were enacted as a hedge 
agains t 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, st rong economic rea­
sons for a comprehensive nuclear test ban are difficult to sustain.

EF FE CT S OF  NU CL EA R TESTIN G ON E N V IR O N M E N T

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 tha t source. Dangers 
considered have been the possible triggering of earthquakes and of 
tidal waves, the contamination of underground aquifiers [meaning u n­
derground water carrying s tra ta] , and the accidental release of rad io­
activity accompanying underground testing. It  is indeed true tha t a 
certain  fraction  of U.S. underground nuclear explosions have vented, 
that is released some rad ioactivity through  fissures or access openings; 
aii even larger fraction of Soviet explosions have not been fully con­
tained. In fact, radioactive release, although not a significant health 
hazard  from such venting explosions, has been detectable outside the 
perimeters of each country and therefore, purely formally , could have
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been conside red to be a v iola tion  o f th e 1963 L imited Nuclear Test Ban  
Tr ea ty . I  do not conside r such occur rences to be eit he r serious  or  delib ­
era te  and it  speaks fo r the  imp rovement  in rel ations betw een the 
Un ited States  and  the  Soviet Un ion  th at  ne ith er  side has chosen to 
cha llen ge these  events. Moreove r, in sp ite  of the  occasional ven ting 
from undergr ound  nucle ar explosions and  the  atm osp heric  tes ts ca r­
ried  out by France  and  China  the tot al wor ldw ide  fal lout  level s have  
dras tic all y decl ined  since the  sig na ture  of the  1963 Limite d Nuclear 
Test Ba n Trea ty . I would conc lude th at  the  environme nta l risk s of 
un de rgr ound  nuclear explosions, although not to ta lly  neg ligible , can 
be controlled to levels com mensurate  w ith  en vironmenta l haza rds a sso­
ciat ed wi th oth er human ac tiv ity ; the ref ore the  dang er  of ecological 
risk in its elf  cannot be con side red to be a persuasive  reason  for pr o­
ceed ing with a comprehensive n uc lea r tes t ban .

SUMMARY

Le t me conclude wi th a very br ief sum mary, Mr. Ch airma n. The  
substan ce of the  pre ced ing  discussion is t ha t the re ap pe ar  no ov errid ­
ing  technical  or mili ta ry  issues which arg ue  very  str on gly for or 
again st a comprehensive nuclear test  ban. The techno logy of  nucle ar 
explosives is ma ture and imp rovements are  lim ited . M ili tary  technol­
ogy, both tac tica l and  str ate gic, is paced bv n onnuclear ra th er  tha n by 
nuclear deve lopm ents . The  leverage of a CT BT  on technical  gro unds 
alone in slow ing the  arm s race is min ima l. The adv ances in seismic  
detect ion , however impress ive,  have  s imp ly decreased th e thr esh old  of 
size of  explosion below which detection is not possib le and the y have 
na rro we d the  gap  between identi ficatio n and  detection. There  is l it tle 
if  any usefulne ss wha tsoeve r to onsi te inspection at  the  location at 
which a n unident ified se ismic event has occurred .

Worl dw ide  fal lou t has alr eady  been dram ati ca lly  reduced by the  
Limi ted  Nuc lear  Tes t Ban  of  1963. and  I ten d to agree th at  en vir on ­
menta l concerns alone  are n ot a ve ry s tro ng  mo tive  fo r p ursu ing a com­
prehen sive nucle ar test  ban,  pro vid ed,  o f course , th at  practic es in ca r­
ry in g out undergr ound  tes ts are  caref ully con tro lled and hopeful ly 
imp roved. Net economic sav ings due to a com prehensive  nucle ar tes t 
ban  may not  be signi ficant.

Th e pr im ary urgency towa rd pro ceeding wi th a com preh ensive nu­
cle ar tes t ban is bas ical ly nontechn ica l and stems from linkag e with 
othe r arm s control agre ements.  A comprehensive  nucle ar tes t ban 
wou ld serve  as a dem onstration to the  wor ld th at  the  signator ies  are  
wi lling  and  able to br ing  a po ten tia lly  destruc tive tech nolo gy unde r 
con trol.

The Un ite d State s and the  Soviet Un ion  have assumed  a forma l 
obligation, both  in the  Lim ited Tes t Ba n Tr ea ty  of  1963 an d the  Nu­
cle ar No nprolifera tio n Tr ea ty  of 1968, t o ser iously  pursu e a CT BT . 
Th ere fore,  to sus tain the d rive f or  no np ro lif erat ion o f nu cle ar w eapons 
pro gre ss on a CT BT  appe ars essentia l. Moreove r, one can  hope  th at  
sig na ture  of  a comprehen sive  nu cle ar test  ban t re at y by those  who h ave 
signed  the  Lim ited  Test  Ba n Tr ea ty  and  those  who have sign ed the  
No np rolifera tio n Tr ea ty  migh t exe rt leve rage  on those nations  who 
have not as yet signed. At the  same time it would be unwise to assume
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th at  all nuclear na tio ns  w ould  pa rt ic ip ate in a C TBT and  that  al l s ig­
na tor ies  o f the  Limi ted  Tes t Ban wou ld sign the  Comprehens ive  Test 
Ban Tr ea ty . Th ere fore,  dema nding  th is  as a pre conditio n would  be a 
des tructive move at th is  time . Simila rly , I wou ld oppose lin ki ng  con­
sid era tio n of a CTBT to t he  p ure ly bi lat eral  SA LT ta lks . I do believe 
th at  serio us pu rsui t of  a CT BT by the  Un ite d State s wou ld imp rove 
the  gen era l clim ate  fo r fu ture  arm s con trol agreements  and fo r th is  
pr im ary reason I su pp or t resumed  serious  negotia tion towa rd  a com­
prehen sive nucle ar tes t ban . Th is conc ludes m y sta tem ent .

Se na tor  Muskie . Th an k you, I)r . Pa no fsk y, fo r y ou r excellent stat e­
ment.

I  th ink it might  be well if  Dr . Scovill e pre sen ted  his  sta temen t at  
th is point.

STATEMENT OF DR. HERBERT SCOVILLE, JR. , FORMER DEPUTY
DIRECTOR, CIA, AND FORMER ASSISTANT DIRECTOR, ARMS CON­
TROL AND DISARMAMENT AGENCY (ACDA)

Dr . Scoville. M r. Ch ai rm an , it  is a gr ea t pleasu re to be able  to  ap ­
pe ar  befo re th is com mit tee again  to  disc uss the sub jec t of  a co mp reh en­
sive tes t ban  tre aty.  I fir st worked  wi th th is  subcomm ittee  on  the  sub­
ject  of a nucle ar tes t ban back  in the  late 1950’s when  Se na tor  Hum ­
ph rey was the chair ma n, and thi s co mmittee  has  alw ays  played a ma jor  
par t in explo rin g the  issues inv olv ing  lim iti ng  nuc lea r tests. Since t hat  
tim e, much  wa ter  has passed un de r the brid ge.  We  have ach ieve d a 
trea ty  ba nn ing  tes ts in th e atm osp here, ou ter  space and underwate r, 
bu t un fo rtu na te ly  a ban  on un de rgroun d test ing is sti ll in the  fu tur e. 
Had  we succeeded in ba nn ing such tes ts 10 years  ago, we would all be 
be tte r off today. For th is  reason,  I  sho uld  like  to express my su pp or t 
fo r Senat e Res olu tion  67 wi th the  hope th at  its  pr om pt  Se nat e passage  
would  serve as a sp ark to ign ite  new ef fort s tow ard the  ac hiev eme nt of 
a complete  ban on all nucle ar  tes ts. The vis it of Se cretary Brezh nev  in 
Ju ne offers  a golden  op po rtu ni ty  fo r jo in t U.S. -U .S .S .R . act ion  to 
fina lly ha lt  al l nuc lea r wea pons t es tin g fo r a ll time.

Now, Mr. Ch air man , ins tea d of read ing th is prep ared  sta tem ent 
pe rhap s if  th is could be pu t in the  record  in the  int ere sts  of tim e. 
1 cou ld jus t con cen tra te on a few po int s th at  were emphasize d th is 
mo rni ng  if  th at  is all rig ht .

Se na tor Mus kie. I  th in k th at  would be very  he lpf ul , especia lly 
since, un fo rtu na te ly , I  am now ru nn ing up  ag ains t deadlines.

Dr . Scoville. O K.
Se na tor Mus kie. I th in k th at  the  record  would be very usefu lly  

served if  you wou ld respon d to some o f the  points , e special ly the  t ec h­
nical po int s th at  were  mad e th is  mo rning. You two  gen tlem en are 
in pos itio n to do th at , an d I wou ld like  very  much to have vour  
responses.

Dr . Scoville. I will ju st con cen tra te on one or two  th ings  I th in k 
seem to have been the th ru st  of the  arg um ents th is  mornin g.

VA LU E OF O N SIT E IN SPE CTIO N S QUES TI ON ED

Fi rs t,  it is very sig nif ica nt th at  both speake rs fo r the  ad min is tra­
tio n th is  mo rning  said and rep eated  what the y have said many tim es
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befo re, th at  it is U.S.  policy to fav or  a comprehensive  tes t ban  pro­
vided th at it  was ade quate ly veri fied  and the y desc ribe  adequa te 
ver ification as onsit e inspections.  Th is was supp or ted by I)r . Foste r 
fo r the  Defense Departm ent  as well. In  othe r words, he was supp or t­
ing  the  U.S . nat ional pos ition in th is respect.

Now wh at does th is mean? It  mean s th at  the  U.S . Government  
and spec ifica lly the Defense De partm ent, is satis fied th at  if  we could 
stop  all nuclear tes ting as of  the presen t time it would not have  a 
serious effect on our securi ty, and th at  the  only  dra wb ack  to th is 
ha lt on our pa rt  would be fea rs th at  somehow or othe r the  Soviets 
might che at, and , the reb y get a un ila ter al advanta ge  because we were 
not testi ng  as well.

It  fu rthe r means  th at  the y feel th at  the  add ed pro tec tion th at  you 
get fro m ons ite insp ect ions is eno ugh  to give us confidence th at  ou r 
securi ty would  be pro tec ted  unde r these circums tances.

We ll, I would submit  th at  the  tech nica l evidence ju st  does not 
supp or t th is kind of value fo r onsi te inspections. I th in k the  da ta  
th at  were  presented th is mo rni ng  would agree with th is  con clus ion; 
some of  the  da ta was also pre sen ted  in more detail by thes e same 
witnesses  befo re th is commit tee and the  Jo in t Com mit tee on Ato mic  
En ergy  a year  or two ago.

Fir st  of  all onsite  insp ections  are  only  allow ed or tri gg ered  when  
one detects a seismic even t but  cannot  iden tify it. Those are  the  only 
times in which you can ca rry  on an onsi te inspe ction. Now as a res ult  
of imp rovements  in seismology  which have been describ ed by the  wi t­
nesses tod ay  and  ea rlier,  and Dr . Pa no fsk y stre ssed  th is  him self, th is 
gap between test s which can be detected  but  not identif ied  and  those 
which can be iden tified has  now shru nk  and only cove rs a  very  na rro w 
yie ld rang e. There  may be some arg um ent exactly  what th at  yie ld 
ran ge  is today,  bu t it  is probably somewhere on the  orde r of a ha lf  
a kilo ton  to a few kilo ton s; it is o nly in t ha t very  na rro w yie ld ran ge 
th at  onsi te inspections  have  any value whatsoever.  Fo r tes ts th at  are  
below’ th at  value  you won’t detect them  and so there is no occasion 
fo r onsi te inspection. Fo r tes ts above th at  value you can iden tif y 
the  events by seismic mean s alone  and don ’t need them.

Fu rth ermore, we have  hea rd  n ot so m uch tod ay  as in prev ious te st i­
mony, a lot  about some of these very  fancy evas ion schemes such  as 
digg ing a big hole and explo din g a bomb in a big  hole. Ac tua lly  I  
th in k Dr.  E vernd en explo ded  tha t kin d o f m yth  t hi s mo rning, but  i t is 
stil l mentioned. An othe r a pproa ch  is th at  you migh t conduct an explo ­
sion under cover  of  the  bac kgrou nd seismic noise from a big  ea rth­
quake somewheres aro und the wor ld. I f  you had a tes t all set to go, 
maybe once every 6 m onths there  would be a big  ear thq uake  and you 
could , on sho rt notice, se t off an explosion and  its  sei smic signal s could 
be lost. Bu t onsite insp ections  don’t do any  good ag ain st theso evasion 
technique s because the y do n’t pro vide you the  seismic dete ction sign al 
to t rigg er  an on site  in spection. T hu s clear ly th at  k ind  o f an  event is no t 
conside red  sufficiently serious  to change or affec t ou r pos ition on a 
compreh ensive tes t ban.

The reason I  mentio n th is  is so t hat  some of  these, wh at I  th in k on 
the  whole  a re red  he rrings, can be taken out  of con sidera tion in ma k­
ing  a decision.
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Recognizing this narrow yield range over which onsite inspection is 
applicable, we now have the testimony of Dr. Lukasik, which was 
again confirmed by I)r. Panofsky just now, tha t even if you 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 tha t an evader by putt ing the, particularly these low yield 
tests for which onsite inspection can be used, a t sufficient depths the 
opportuni ties 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.

W H A T HAS H A PPEN ED  IN  OV ERALL VER IF IC A TI ON SY ST EM  SI NCE  1 9 6 2

Now, finally what has happened in the overall verification situa tion 
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 unilate ral national techniques tha t we have today, and we 
didn’t have the satellite systems with the kind of capabilities they 
have today and, perhaps even more impor tantly , 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 tha t national technical verification tech­
niques, will be used, and Secretary Rogers in his presentat ion of the 
SALT agreements specifically referred to satellite observation as one 
of these techniques, so it is clear tha t the Soviets have agreed to these 
as legitimate means of verifying arms control agreements.

Furthermore, the Soviet Union has agreed tha t there will not be 
any interference with such techniques and, finally, t ha t concealment 
measures will not be used to try  to make these scientific methods inop­
erative. Perhaps part icula rly applicable, for the comprehensive test 
ban they agreed to setting up an internationa l consultative commis­
sion to try to settle any questions that might come up about compliance 
with the treaty.

SA LT  PR OV ISIO NS  WOU LD  GIV E MO RE  VERIF IC A TI ON A BIL IT Y  T H A N  ONSI TE  
IN SPEC TIO N S

I think  that  one can make a very strong case that these SALT pro­
visions applied to the comprehensive test ban would give you fa r 
more verification capability and far  more confidence tha t the Soviets 
were not  testing  than  any seven onsite inspections, which has been 
the U.S. position since 1962. I just don’t think tha t thesis is arguable 
at all and I have never heard anybody in the Defense Department or 
anywhere else disagree with this thesis.

For  example, Dr. Fvernden testified this morning tha t a system 
might be built so that by seismic means alone there m ight 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. Bv using satellite observation techniques, 
I would think tha t probably at least 9 out of those 10 unidentified
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events, and most of these will be low yield in the small kt region, th at 
these would occur in areas where bv 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 anv activity, particularly  the kind of activity which would 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 anv serious consequences for our security. 
Dr. Panofsky has already pointed out really the limited value of tests  
in the future. We have al ready 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.

CO MP REHENSIVE  BAN US ING NA TIO NAL ME AN S OF VERIFICA TIO N SHOULD 
BE FAVORED TODAY

So I  think  from a security point of view it is absolutely clear tha t 
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 tha t 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 
tha t this extra  confidence is either needed or really tha t great. While 
it might be nice to try to persuade the Soviets to have them, I think  
if we do tha t it should be absolutely clear they are not necessary; 
they are only confidence-building measures and by no means should 
a comprehensive test ban be dependent on gettin g Soviet agreement 
to these unmanned stations.

[Dr. Scoville’s prepared statement follows:]
Sta teme nt  of H erbert Scoville, J r.

I t is  a g re a t pl ea su re  to  be ab le  to  appear be fo re  th is  co mm itt ee  ag ai n to d is ­
cu ss  th e su bj ec t of  a co mpr eh en sive  te st  ba n tr eaty . I fi rs t wor ke d w ith  th is  
su bc om mitt ee  on th e su bj ec t of  a nucl ea r te s t ba n ba ck  in th e la te  1950’s when,  
und er  th e  ch ai rm an sh ip  of Sen at or  H um ph re y,  it  pl ay ed  a m ajo r p a rt  in ex pl or ­
ing  th e is su es  inv olved in  lim it in g nucl ea r te st s.  Since th a t tim e,  mu ch  w at er  
ha s pa ss ed  under  th e br idge . We  ha ve  ac hiev ed  a tr ea ty  ba nn in g te st s in th e 
atm os ph er e,  oute r spac e an d un de r w at er , but  unfo rt unat e ly , und er gr ou nd  te s t­
ing  st il l goe s on an d a t th is  la te  d a te  we  are  st il l di sc us sing  a fu tu re  ba n on 
un de rg ro un d te st s.  H ad  we  succ ee de d in ba nn in g su ch  te st s te n yea rs  ago , we 
wo uld al l be be tt e r off to da y.  For  th is  re as on , I shou ld  lik e to  e xp re ss  my su pp or t 
fo r Sen at e Resolut ion G7 w ith  th e ho pe  th a t it  wi ll se rv e as  a sp ar k to  ig ni te  
ne w ef fo rt s to w ar d th e ac hi ev em en t of  a co mp let e ba n on all  nucle ar te st s.  Th e 
visit , of  Sec re ta ry  Bre zh ne v in Ju ne  of fe rs a go lde n oppo rt un ity  fo r jo in t US- 
USS R ac tion  t o finally ha lt  a ll nucl ea r w ea po ns  t es ting for a ll tim e.

Th e mom en t ha s com e fo r a re vi sion  of  US po licy on a co mpr eh en sive  te st  ba n 
tr eaty . As Phi lip Far le y , Dep uty D irec to r of ACD A has te st if ie d in  pr ev io us
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ye ar s be fo re  th is  co mm itt ee . US  po lic y has  no t ch an ge d sin ce  1963 des pi te  pro ­
foun d ch an ge s in  th e te ch ni ca l, m il it ar y  an d po li tica l si tu at io n  sin ce  th a t tim e. 
Th e re qu ir em en ts  fo r new type s of  nuc le ar  w arh ea ds ha ve  been sign ifi ca nt ly  
redu ce d,  part ic u la rl y  as  a  re su lt  o f SA LT  I, an d our  mea ns  o f ver if yin g a n u nder­
gr ou nd  te st  ba n ha ve  bee n ra dic al ly  im prov ed . Si m ul ta ne ou sly th e ne ed  to neg ot i­
a te  a co mpr eh en sive  test, ba n in ord er to  redu ce  th e pr ob ab il ity of  th e fu r th e r 
sp re ad  of  nu cl ea r wea po ns  to no n- nu cl ea r co unt ri es  is becoming  more urg en t 
ev ery da y.

VERIFICATION

Pr ev io us  test im on y be fo re  th is  Com mitt ee  an d th e Jo in t Co mmitt ee  on Atom ic 
En ergy  by re pre se n ta ti ves of  th e Defen se  D ep ar tm en t an d ou ts id e sc ient ifi c ex ­
per ts  ha s gra ph ic al ly  dem ons tr at ed  th e  m aj or im pr ov em en ts  in  th e se ism ic 
mea ns  of  ve ri fy in g a co mpr eh en sive  te s t ba n tr eaty . In  1963, we  had  on ly re la ­
tiv ely  cr ud e an d inef fect ive metho ds  of d is cr im in at in g  be tw ee n eart hquakes an d 
ex plo sio ns . In  fa ct , in th os e da ys  we  w er e on ly ab le  to id en ti fy  a fr acti on  of  
th e n a tu ra l ea rt hquak es , le av in g an  ap pr ec ia bl e nu m be r of  se ism ic ev en ts  ea ch  
yea r wh ich  could  be e it her eart hquakes or  explos ions . No firm  c ri te ri a  were 
av ai la bl e fo r id en ti fy in g ex plos ions  pe r se. Now, th anks to  th e re se ar ch  an d 
anal ysi s spon so red by ARP A an d oth er DO D ag en cies  under  th e  d irec tion  of  s uch 
ex per ts  as  Dr s. Luk as ik  an d Eve rn de n,  we  ha ve  c ri te ri a  by wh ich  ex plos ions  
ca n be iden tif ied ex pl ic it ly , an d ou r te ch ni qu es  ha ve  bee n ref ine d to  th e po in t 
th a t th es e cri te ri a  ca n be ap pl ie d to ve ry  sm al l ev en ts  (a  few KT  or le ss ).  W hi le  
th e de tect io n an d id en ti fi ca tion  th re sh ol d m ig ht  be so m ew ha t hig he r fo r ex plo­
sion s in  low  co up lin g med ia  such  as  dry  al lu vi um , it  is  mos t un like ly  th a t th is  
ty pe  of  soi l ca n be fo un d an yw he re  in th e So viet Un ion a t sufficie nt dep th s to  
av oid pr od uc in g a su bs iden ce  c ra te r which  wou ld be im m ed ia te ly  ob viou s to 
our re co nn ai ss an ce  sa te ll it es . Dr. Luk as ik  te st if ied be fo re  th e Jo in t Co mmitt ee  
on Atom ic Ene rg y on Octob er  27, 1971 (p.  53) th a t th e up pe r lim it  in  yie ld  
which  could  be te st ed  in  a low co up lin g med ia  w ithout ri sk  to  de tect ion w as  1 to 
2 KT.

The  yield ra nge fo r ev en ts  wh ich  ca n be de tect ed , bu t no t iden tif ied is  now  
ve ry  na rr ow , perh ap s so m ew he re  be tw ee n % an d a few KT . Ev en  th is  ra nge wi ll 
vary  from  da y to  da y an d lo ca tio n to lo ca tio n de pe nd ing on th e se ism ic no ise  
ba ck gr ou nd  a t th e tim e of  th e  ev en t so th a t a wo uld -be  ev ad er  could  no t be 
cert a in  th a t an y spe cif ic te st  wo uld  re m ai n un iden tif ied.  The re fo re , sin ce  on si te  
in sp ec tion s can on ly  be ap pl ie d fo r ev en ts  which  a re  de tected , bu t no t iden tif ied,  
th e op po rtun it ie s fo r such  in sp ec tion s wo uld  a t be st  be ve ry  lim ite d.  Ev en  if  
complete ly  eff ective, th ey  wou ld on ly pr ov id e ad de d confi dence w ithin  a ve ry  n a r­
row  ra ng e of  yields . Ru t, as  D r. Luk as ik  als o te st if ied be fo re  th e JC AE (p . 65 ), 
on ly tw o metho ds  of  on si te  in sp ec tio n a re  of  mu ch  va lue,  an d ev en  th es e ca n be 
ci rc um ve nt ed  by a det er m in ed  ev ad er . In  sum , it  is cl ea r th a t on si te  in sp ec tio ns  
se rv e al m os t no us ef ul  pu rp os e in  ver if yin g a co mpr eh en sive  te s t ba n tr eaty . 
Th e dete rr en t va lu e of  a te ch ni qu e of such  lim ited  ap pl ic ab il ity wo uld  seem 
in co ns eq ue nt ia l. Ye t, th e  US  po si tio n,  un ch an ge d sin ce  1963, st il l st a te s th a t it  
su pp or ts  a co mpr eh en sive  te s t ba n prov id ed  th a t on si te  in sp ec tion s a re  inclu de d.

F a r more im port an t th an  onsi te  insp ec tio ns  fo r ve ri fica tio n wo uld  be th e 
ad op tion  in a co mpr eh en sive  te s t ba n tr ea ty  of  ve ri fic at ion pr ov is io ns  si m il ar  to  
th os e es ta bl ishe d in th e ARM T re aty  an d th e In te ri m  Of fen siv e W ea po ns  Agree ­
men t. The se  lega liz e th e us e of  nati onal te ch ni ca l mea ns  of  ve ri fic at ion,  fo rb id  
in te rf ere nce  w ith  su ch  nat io nal  te ch nic al  me an s, an d ba n th e us e of  c on ce almen t 
te ch ni qu es  to  ci rc um ve nt  them . F urt her m ore , th e T re aty  es ta bli sh es  a S ta nd in g 
C on su ltat iv e Co mm iss ion  “to co ns id er  qu es tion s co nc erni ng  co mpl ianc e w ith  th e 
ob liga tion s as su med  an d re la te d  si tu a ti ons wh ich  m ay  be co ns id er ed  am bi gu ou s. '’ 
S im ilar  pr ov is ions  wo uld be ex trem el y us ef ul  in ver if y in g a co mpr eh en sive  te st  
ba n tr ea ty . A la rg e pr opor tion of  th e  de tected , bu t un id en ti fi ed  se ismic  ev en ts  in  
th e So vie t Un ion oc cu r in  co mplete ly  unin hab ited  a re as su ch  as  th e K am ch at ka 
Pen in su la  and  th e Pam ir s.  Sate ll it e  ph ot og ra ph y (a n  ag re ed  nati onal te ch ni ca l 
mea ns  of  ve ri fica tio n)  of  th e  lo ca tion  of  th es e un id en ti fied  ev en ts  wo uld  cl ea rly  
dem onst ra te  th e ab se nc e of  an y ac ti v it y  of  th e  ki nd  th a t wo uld be re qu ired  fo r 
th e  co nd uc t of  a nu cl ea r te s t th ousa nds of  fe et  un de rg ro un d.  I t  wo uld  on ly be  a 
ra re  ca se  w he re  cl an de st in e te st s co uld no t be ru le d ou t. U nd er  such  ci rc um ­
stan ce s,  re as su ra nce s co uld be so ugh t th ro ugh an  In te rn a ti ona l S ta ndi ng  Co n­
su lt a ti ve  Co mm iss ion  (I SCC ) whic h m ig ht  be es ta bli sh ed  by th e  tr eaty .

E la bora te  ev as ion sche mes  ha ve  al so  been de vised whe reby  cl an des tine te st s 
could  be carr ie d  ou t so as  to  av oid de te ct io n by  se ism ic  mea ns . One of  th es e
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involves the conduct of the explosion in a large  chamber (30 0 foot diamet er hole 
for a 10 KT sho t) several  thou sand  feet underground. Such concea lment tech­
niques would be forbidden by the treaty , and the activities necessary to prep are 
for such a tes t would almost cer tain ly be o bservable from sate llite s. At the very 
least, one would be in a position to seek an explanat ion in the  ISCC, and an 
evader would have a difficult time in providing a reason able rati ona le for such 
activi ty. Another  proposed evasion scheme, hiding the seismic signal from a 
cland estin e explosion in the noise of a large  na tur al eart hqu ake , would also 
require considerable pre par atio n long in advance of the test. An elab orate seis­
mic net  would be needed to trig ger  the explosion and yet, if the  tes t was of 
significa nt size, it would, neverth eless, always be vulne rable  to detection by 
elab orat e da ta analysis techniques or aer ial observation. In any case onsite 
inspectio n would be of no value aga ins t eith er of these  evasion schemes since if 
successful they would provide no seismic signal to just ify  the inspection.  There  is 
litt le question  tha t the risks  from chea ting  unde r a comprehensive  tes t ban 
tre aty  with  the SALT I verifica tion provisions would be significant ly less tha n 
the risk  from a comprehensive tre aty with  the 7 ons ite inspect ions per year which 
has  been t he US position since 1963.

Verification problems are  no longer a reasonable  justi ficat ion for fai lure to 
achieve a ban on u nderground tests . Cland estine  tes ts below th e detect ion thr esh­
old. appro ximately % KT, have long been recognized to be of no security sig­
nificance as is evidenced by the US position in favor of a comprehensive tes t 
ban tre aty with onsite inspect ions which cannot be applied below the  threshold. 
For  the same reasons, elab orate evasion  schemes which would not trig ger  onsite  
inspe ctions  have app aren tly never been considered a reasonable  thr eat. Seismic 
identi ficatio n techniques have improved to the point that  only a few events  per 
year  in the low KT yield range  and a rar e event above abou t 5 KT cannot be 
identified.  Tests of new stra tegic warheads such as those used in MIRVs would 
almost cert ainly  be detected,  and the mili tary  significance of a few cland estine 
low yield tests  is negligible. The SALT I verification proce dures  would provide  
signific ant added assurance th at  cheat ing in the low yield rang e or by evasion 
techniques would not involve a secu rity risk.

SECURITY IMPLICATIONS OF A TEST BAN

As a  resu lt of SALT I the incentives for furth er  nuclear weapon s testi ng have 
been drastic ally  reduced. Since 1963, more tha n SO percent of all our tes ts have 
been rela ted to stra tegic weapons, but now the ARM Tre aty  has  virt ual ly elim­
inated any furth er need for new designs. Since only 100 ARM inte rcep tors  are 
allowed at each of two sites, the re is certainl y no need to have new ARM wa r­
heads, or for effects tests  to deter mine  the  vulnera bility or ree ntry  vehicles to 
nuc lear explosions. No improvements in ARM warheads can possibly make these 
adm ittedly  inadequa te systems effective. Our Spa rtans and Spr ints  already have 
sat isfa cto ry warheads and even if these were to be replaced by o ther  types of in­
tercepto rs, which would be a terr ible  waste  of resources , nuclear weapons de­
signs th at  would serve the purpose are  al read y a vailable.

The ARM Tre aty  also eliminates the need for new war heads for offensive 
weapons since no longer do these  need to be improved in orde r to insu re over­
whelming a Soviet ARM. We alre ady have sat isfa ctory designs  for our MIRV 
warheads  for the Minutem an and Poseidon missiles and, even if a replace ment 
system were deployed to sati sfy  some prese ntly unforeseea ble need, no new nu­
clea r warh ead would be needed. If we were to seek to acquire  a capa bility to 
dest roy the Soviet ICRM force, a move which would be desta bilizin g and only 
serve to stim ulate  the  arm s race, we would not need to develop a new warhead. 
Pot ent ial improvements in missile accuracy are  fa r more imp orta nt for this 
purpose than any pote ntial  increases in yield to weight ratio s. We already  have 
weapons which can dest roy a small numbe r of such hard tar get s as ICRM 
silos or command posts  provided  we are  willing to expend on each tar get sev­
era l warh eads  out of our stockpi le of thousands.

A comprehensive tes t ban tre aty might, however, have a gre ate r effect on 
Soviet counterforc e capab ilitie s. Recause of the large size of the ir re-ent ry 
vehicles, they have never had a requir ement for a warhead with the dimensions  
needed for a small highly acc urate MIRV system which could thr eat en our 
ent ire Minuteman force. They may need more tes ts to develop such a warhead. 
Therefore, a comprehensive tes t ban could give us added  confidence th at  the



Russians were not seeking a first strik e capability and thus be an important 
contribution to US security and strategic stability.

Recently, in the afte rma th 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 th at can be carried  by the infan try with yields of tens of 
tons to missile warheads and bombs with yields as high as a megaton. Even 
with more t han 7,000 nuclear weapons of many different types in the European 
theater, we have no ration al plan for thei r use since the risks of escalation and 
the resul tant nuclear devastatio n 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 tha t they are essential for our security or war rant  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 tha t 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 tha t 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 locale 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 tha t it might escalate and destroy 
our society.

In any case, if the milita ry 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 th ere is no need to develop a whole new class of 
weapons for this purpose. However, I question the militar y utility of a weapon 
which relies on nuclear radia tion to affect manpower since a large fraction of 
casualties will not occur instantaneously , but lingeringly days or weeks la ter— 
hardly a desirable chara cteris tic for a battlefield weapon. Only those soldiers 
who receive an overwhelming superlethal exposure will be unable to continue 
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 reliabil ity of our stockpiled weapons. However, Dr. Walske, 
Assistan t to the  Secretary of Defense for Atomic Energy, indicated that, at least 
as of the time of t he h earings before this subcommittee in Jul y 1971, nuclear tests 
had never been conducted with stockpiled weapons solely for the purpose of check­
ing reliability. He also said at tha t time tha t 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 reliabili ty would be required to con­
sider initia ting nuclear war. Reliability is of lesser importance for deter rent or 
second strike weapons since no aggressor can count on surviving nuclear re­
talia tion even from weapons of u ncertain reliability. Therefore, a test ban which 
prevented both the US and USSR from checking reliability would reinforce the 
present state  of m utual deterrence which President Nixon strengthened through 
the ABM Treaty.

In summary, in the aftermath of SALT I, the needs for further  nuclear testing 
have drastica lly 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 deterr ent 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 yield ranges.

In view of these factors , Presiden t 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 draf t trea ty or an amendment to the 
Limited Test Ban T reaty of 1963 which banned underground tests and contained 
verification provisions similar to those included in the ABM Treat y signed in 
Moscow. While the trea ty is being negotiated, President Nixon should declare 
an immediate suspension of underground nuclear testing by the United States 
for as long as the Soviet Union reciprocates. This would not involve any risk to 
US security, would be a demonstration to all countries tha t the US was at least
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pre par ed  to  bri ng  to  a  h a lt  th e ne ve re nd in g quali ta ti ve  nucl ea r arm s ra ce  an d 
wo uld  be an  im port an t move, as  w as  P re si den t Ken ne dy ’s Amer ican  U niv er si ty  
spe ech, to w ar d th e  ear ly  conclu sio n of a fo rm al  t re aty .

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 tr igger any real nuclear development, new breakthrough ?

Dr. Panofsky. 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 milita rily 
significant.

Dr. Panofsky. It  would be if you attempt to find a milita ry im- •
provement, but it would not be decisive or critical.

But given a free hand one might well wish to continue testing and, 
afte r 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. Scoville. Can I just comment?
Senator Muskie. Yes, please.
Dr. Scoville. I t 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. I t 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 .S .' KNOWLEDGE OF STATUS OF SOVIET MIRV DEVELOPMENT

Senator Muskie. As a matter of fact, you mentioned MIRV  testing. *
Don't our military people feel pre tty 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. Scoville. That  is true of the testing of the MIRV  delivery ve- •
hide itself. Now as fa r 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. Scoville. We know testing is going on, but you don’t know’ 

w’hether it was a MIRA 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 MIR V’s to threaten our 
Minuteman. Xow 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 par ticu lar area a comprehensive 
test ban could actually be a real boon to our securi ty because i t would 
prevent the Soviets from acquiring such a capabil ity or certainly make 
it much more difficult.

N A TU RE OF  O N SIT E IN SPE C T IO N

Senator Muskie. AVhat is the nature of  an onsite inspection ? W hat 
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. Scoville. Well, I 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 Har riman was talking  about earlier. Back in 1963 
one was really talk ing 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. I f you have detected 
a seismic event in an a rea that  contained a mine you might go in the 
area and poke around to see if you might find evidence of a nuclear 
explosion or preparation  for one. Both of these kinds of things prob­
ably can’t be done by sa tellite, although looking for activity, human 
activity , can be done by satell ite very sa tisfactor ily. That is one reason 
why the satellite collection would be very useful.

CO M PR EHEN SI VE B A N ’S EFF ECT ON  PE A CEFU L EX PL OS IO NS

Senator Muskie. I have a question I  was asked to put in behalf of 
Senator  Haskell. I  th ink it has already been covered by testimony, but 
I will put his specific question to you so you can respond to  i t 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 natu ral gas.

Dr. Scoville. Well, both Dr. Panofsky and Mr. Farley addressed 
the problem of peaceful nuc lear explorations earlier. It  is clear peace­
ful nuclear explosions present problems for test ban because the veri­
fication difficulties are very extreme. I think Mr. Far ley ’s proposal 
this morning was probably a good one. I f 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 adequ ate  veri fica tion . I wou ld app rov e of  h is pro posal  in 
th at  connection.

In  connection with the  problem  which I th in k Se na tor  Ha skell  is 
worrie d about, which is the  Rio  Blanco  tes t, which is scheduled fo r 
Colorad o in the  near  fu tur e, th at  pa rt ic ul ar  tes t only  involves  three  
nuc lea r explosives . On the  oth er hand  th at  pa rt icul ar  t est  is only the  
first  step  down a long road of  many nucle ar explosions before  you 
have  even fea sib ili ty determ ined. The AE C has  sta ted  in th ei r en ­
vironmenta l sta tem ent th at  p erh aps as m any  as 300 n uclea r explosives 
would have  to be fired off before  one wou ld even know wh eth er the  
method  was technica lly  feas ible  a nd  it  was worth  bu ild ing a pip eline,  
To get  us eful  gas in the  Rio B lanco are a a th ousan d n uclea r explos ives  
may be needed. Th is is the very kind of  p oin t th at  was being re fe rre d 
to by Dr. Pa no fsk y th is aft ern oon. I perso na lly  t hink  t hat  one is just 
wh ist ling when  one tal ks  about fir ing  off a th ousan d un de rgroun d nu ­
clear explosives  in a small are a of  Colorad o. Th is is more than  we 
have test ed in all the  time so fa r, more un de rg ro un d; even the  300 fo r 
fea sib ilit y is more than  we have  done  in ou r whole weapons  prog ram 
in th e whole 10 yea rs since the  test  ban tr ea ty .

Dr . P axofsky. May I  re spo nd to that  ?
Sena tor  Muskie . Ves.
Dr.  P axofsky. I th ink wh eth er a com preh ensive nucle ar tes t ban  

is or  is no t com pat ible  wi th the  kind  of ac tiv ity  as the  Ri o Blanco  
tes ts depends on the  sta nd ards  of ver ification. I  mean if  we use the  
kind  of sta nd ards  of veri fica tion  whi ch Dr.  Fo ste r tal ks  abo ut, in ­
clu din g the requirement  fo r ons ite insp ect ion for  essent iall y all  sus­
pected ev ents , th en  c learly such ac tiv itie s are  incom pat ible  w ith  a com­
prehensive tes t ban.  I f  one is wi lling  to neg otiate  some syste m where 
you hav e observe rs at the point of  detonation or oth er missions for  
which the re are  several proposals , mecha nism s migh t be fou nd  to  make  
a com preh ensive nuclear tes t ban  com pat ible  with peacefu l nuc lea r 
explosions. But  a gain I  be lieve th at  th is  is a false obstacle to be rais ed 
in opp osi tion to a tes t ban  because the  economic benefi ts are  so remote  
and  the  like liho od th at  any coun try  in the  world  will accept  the  kin d 
of ecolog ical insu lts which a thousan d explosions will invo lve are  so 
remote th at  I th ink there  is p len ty  of time to negotia te pro vis ion s fo r 
pe rm itt ing peaceful  uses of nucle ar explosions as a sepa rat e amend ­
ment or ad dit ion  to  a preexisti ng  com preh ensive nucle ar t es t ban.

CO M M EX DATI OX OF W IT XESS ES

Se na tor  Muskie . I wish I  ha d the tim e to con tinu e bu t I  have  an ­
oth er app oin tment. I  would like to exp ress my appre cia tio n to both 
of you, espe cial ly fo r your si tt in g throug h th is mo rni ng 's heari ngs so 
th at  you  could give us the  benef it of  y ou r reaction and resp ond  to the  
arg um ents made in opposition to th is resolu tion . We need those  ar gu ­
ments.

Tha nk  you b oth  ve ry,  very much.
[W hereu pon, at  4:05  p.m. the subcommitt ee ad jou rned  sub jec t to 

the  call  of  the  Cha ir. ]
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Statement by Senator Charles  McC. Mat hias , J r. (R. -M d.) Before the
Subcommittee on Arms Control, I nterna tional Law and Organization of 
th e Senate Foreign Relations Committee  in  Support of Senate Resolution 
67 Calling Upon th e P resident to P romote Negotiations for a Comp rehen­
sive Test Ban Treaty, T uesday, May 1, 1973

I am happy to be a ble to tes tify  in supp ort of Senate  Resolu tion 67, of which I 
am a co-sponsor. Senat e Resol ution  67 repr esen ts a fusion of variou s previous 
resol ution s on a comprehensiv e tes t ban tre aty prese nted to the Congress durin g 
the pas t yea r and a half . The resolu tion is a very modest one, but it  seems to me 
to repr esen t a proposal for a signif icant arm s control  effort. It  entails  no risks 
and could do much to stre ngt hen  world secu rity by lessening the dan ger  of a 
nuc lear  war. In essence, thi s resolution  calls  for  a mutual  mora torium by the 
United Stat es and the Soviet Union. In addi tion,  it urge s the adm inis trat ion  to 
make a proposal to the  Soviet Union and oth er natio ns for  a perm anen t tre aty  
to ban all n uclear tests .

Most of the witnesses who will tes tify  today  testified las t year. Dur ing the  
pa st year, very lit tle  has  changed , except for the  very imp ortant  fac t th at  there 
is more autho rita tiv e scientific info rma tion  which indi cate s th at  on-site inspec­
tion is no long er a necessary requirem ent. In fact  on-site inspection is a less re li­
able means of verific ation than  the improved  seismic means of detect ion now 
availa ble.

These hear ings  will address  the  questio n as to wh at will be lost to the  United  
Sta tes  secur ity by a comprehensive  tes t ban. On the basis  of available evidence, 
it  is my view th at  very  lit tle  will  be lost. As Dr. Panofsk y pointed out las t year  
and in h is testim ony thi s year, nuc lear weapons technology is at  a mature  s tage  of 
development. The refineme nts to be gained  by fu rth er  testim ony are  of mar gina l 
significance. It should be adm itted, however, th at  a contin ued nuclear tes t pro­
gram could produce some changes in nuclear weapons  technology, par ticula rly  
in the  efficiency and economy of nuc lear  devices, but  in my view these  changes 
do not wa rra nt  holding up a complete  tes t ban.

It should also be borne in mind th at  a comprehensive test  ban will not of itse lf 
yield signif icant arm s control  benefits. It  will be signific ant only in the context 
of successful SALT talks,  and a more extens ive applicat ion of the nuclear non­
pro life rati on trea ty. In saying  this , I do not wish to dimin ish the impo rtanc e of 
making an effort to achieve  a comprehensive  tes t ban. A comprehensive tes t ban 
would con stitute an imp ortant  step  in limi ting  the nuc lear  arm s race  and would 
be an  aid in preventin g the  use of nuclear  weapons in war.

I would hope th at  the  adm inistratio n would ini tia te with the Soviet Union 
negotiatio ns on a compreh ensive tes t ban as soon as possible. The Disarmament 
Conference at  Geneva offers a good place to begin the  negotiation s. In fact, 
when Pre sident  Nixon meets with  Mr. Brezhne v in June, th at  might be an ap­
pro pri ate  occasion to r ais e the issue.

The United  Sta tes is obligate d under the provision of the Nucle ar Nonpro­
life rati on Tre aty  to und erta ke fu rthe r arm s control  efforts. Thi s pledge was 
rei ter ate d in the  join t stat ement  issued by the United  States and the Soviet 
Union in Moscow at the  signin g of the  SALT Tre aty and the Interim  Agreement 
in May 1972.

The Arms Control and Disarm ame nt Agency does not have  the  respo nsibili ty 
in the  SALT II  tal ks th at  it had und er SALT I, so i t seems to me th at  ACDA is 
now in a good p osition  to car ry out pre par atio ns leadin g to a comprehensive test  
ban.

(129 )'



This  modest step of calling upon the Unite d States and the Soviet Union to 
begin a mutual  effort to bring about a complete tes t ban is a  prac tica l and worthy 
one. It  is my hope th at  hearings on this Resolution, which are  to  take  place today, 
will a ssis t in  br ingin g ab out th at  desirable end.

U.S. Atomic Energy Commission ,
Washington, D.C., Mag SO, 191S.

Hon. Edmund S. Musk ie,
Chairman, Subcommittee on Arms Control, International Law, and Organization, 

Committee on Foreign Relations, U.S. Senate.
Dear Senator Muskie : The Atomic Energ y Commission appreci ates  the  op­

portuni ty provide d by you r let ter  of May 11, 1973, to provide comments on Senate 
Resolut ion 67 for  the  record of the  Subcomm ittee’s h ear ing on May 1, 1973. We 
are  please d to submit the enclosed comments f or that  purpose.

Sincerely,
(Si gne d) Dixy Lee Ray, Chairman.

U.S. Atomic Energy Commission Comments on Senate Resolution 67

United Sta tes  policy is to supp ort the  achievements of a comprehen sive nu­
clear  tes t ban th at  is adequ ately verified. This  policy has  been publicly affirmed 
in numerous policy state men ts as well as by U.S. ag reement to the  Limited Test 
Ban Tre aty  of 1963 and the  Nuclear Non-Prol iferat ion Tre aty  of 1968.

The Atomic Energj’ Commission supports this  policy. "Nevertheless, the AEC 
has cer tain  reservati ons with respect to S. Res. 67. The pote ntial  politic al and 
national  security benefits th at  might resu lt from a tot al cessa tion of nuclea r 
test ing  have been covered by others before  the  Subcommittee. The AEC wishes 
to stre ss th at  these  poten tial benefits would be obtained only i f any arrangemen t 
for cessati on of nucle ar tes ting  was broad ly adhered to and was tru ly effective 
in stopping nucle ar tests. If  th at  were not the  ease, there would be significant 
draw back s associa ted with a cessati on of U.S. nucle ar testi ng th at  would need 
to be s eriously  considered.

Exp ert witnesses  before this Subcommittee have already provided technical 
infor mation with respect to the effectiveness of exist ing verific ation techniques. 
The AEC desires to emphasiz e tha t, while the  capab ility to dete ct and ident ify 
nucle ar tes ts has  improved, the mil itar y significance of low yield nuclear test s 
has also increased. The public record  of the U.S. nuclear tes ting  program indi­
cates  th at  over ha lf of the  announced test s have explosive yields  of less than  
20 KT. Underground nuclear tes ts below this  level are  the most difficult to 
detec t and identi fy using even the most advanced  verification techniques cur ­
rently available.  Yet nucle ar tes ts at  these lower levels provide much of the 
fund amental knowledge required for  a nucle ar weapons development program.

In view of exist ing prac tica l limi tations on seismic moni toring systems, on­
site inspection should be an inte gral pa rt of any nuclear tes t cessation. On-site 
inspect ions intr insic ally provide the  gre atest possib ility for esta blishing  th at  a 
suspicious seismic ev ent is nuclear . They also provide  an  open procedure enabling 
all par tici pan ts to verify  to their own satisfac tion  th at  the nuc lear  tes t cessation 
is obs erv ed; they are  necessary for assu ring  compliance and consequent  con­
fidence in t he basic a rran gem ent.

Ther e are several draw backs to the proposed mora toriu m approach  th at  need 
to be considered.

1. A bila tera l mora torium probably would n ot be any  more e ffective in restr ain ­
ing thi rd countr ies from nucle ar testin g than exist ing trea ties . A moratorium  
would be far less effective tha n a formal comprehen sive tes t ban trea ty in 
fur the rin g the goal of non-proliferation.

2. Such a mora torium would not include the safeguards that  should be included 
in a forma l tre aty  and would therefo re be less desirable  tha n a comprehensive 
tes t ban trea ty. Without  accepted or establ ished cri ter ia for asce rtaining  if a 
violation of the mora toriu m had occurred , there would be no effective basis  for 
challenging a suspicious occurrence. Such an infor mal arra ngemen t, which could 
be breache d witho ut significant penalties,  could lead to suspicion and insta bility . 
In addit ion, if one country was a ble to tes t clande stinely  while  the other observed 
the morato rium, then a decisive adv anta ge might accrue to the country doing 
the testing .
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3. A U. S. -S ov ie t U nion  m ora to ri um  co uld be  co ns tr ue d as  U.S . ac ce pt an ce  
of  th e  So vi et  Un ion  po si tion  th a t n ati onal  m ea ns  a re  ad eq ua te  fo r ve rif ic at io n 
of  a nu cl ea r te s t ba n.  Hen ce , ef fo rts  in  la te r neg ot ia tion s to  incl ud e ve ri fic at io n 
m ea su re s in  th e  co nt ex t of  a co m pr eh en sive  te st  ba n tr ea ty  co uld  be se rio us ly  
ha m pe re d.  Mo reov er,  th e re  wo uld  be le ss  in ce nt iv e fo r th e  So vie t Un ion  to  
ne go tiat e a  co m pr eh en sive  te st  ba n tr e a ty  onc e su ch  a m or at or iu m  w as  in 
effect .

4. P a st  ex pe rien ce  of  th e  U.S . w ith  a nucl ea r te st  m ora to ri um  (1 9 58 -1 9 6 1 ) 
w as  no t sa ti sf acto ry . T he  U.S . w as  ta ken  by su rp ri se  wh en  th e So viet Un ion , 
a ft e r ex te ns iv e un de te ct ed  pre par at io n , re su m ed  te st in g  w ith  an  el ab ora te  te st  
se rie s.

As  em ph as iz ed  ea rl ie r,  th e  po te nti al  be ne fit s of  a ce ss at io n of  nucl ea r te st in g 
w ou ld  be ob ta in ed  on ly if  an  ar ra n g em en t fo r co mplete  ce ss at io n of  nu cl ea r 
te st in g w as  br oa dl y ad her ed  to  an d was  tr u ly  eff ec tiv e in st op pi ng  nu cl ea r w ea p­
on s te st in g.  In  th e  ab se nc e of  an  ad eq uat el y  ve rif ied  fo rm al  ag re em en t th e U.S. 
has  bee n pu rs uin g a p at h  to w ar d  hi gh ly  ad va nc ed  tec hn olog y in nucl ea r w a r­
he ad s. Q ui te  earl y  in th e h is to ry  of  th e st ra te g ic  m issi le  pr og ra m  it  be ca m e ap-

• p a re n t th a t ov er al l sy stem  co st ef fe cti ve ne ss  co uld  be in cr ea se d by pu sh in g th e 
st at e- of -t he -a rt  to w ar d  th e de ve lo pm en t of  ligh t, eff icie nt w ar hea ds th u s per m it ­
ti ng  sm al le r an d le ss  ex pe ns iv e bu t mor e ef fe cti ve  an d re liab le  wea po n sy ste ms. 
T hi s p at h  of ad va nc ed  tech no lo gy  is  no t one  to  be ab an do ne d ligh tly an d ce rt ai nl y 
no t w ith ou t ad eq uat e ass ura nce s th a t nat io nal  se cu ri ty  w ill  no t be de gr ad ed .

« T her e are  som e un iq ue  ad van ta g es as so ci at ed  w ith nucl ea r te st in g.  F or ex am ­
ple , nu cl ea r te st in g  pro vi de s an  oppor tu ni ty  to st ud y an d ev al uate  nu cl ea r 
eff ec ts.  An under st an d in g  of nuc le ar  eff ects is  es se nt ia l in th e  ef fo rt to re du ce  
th e  c oll at er al  da m ag e as so ci at ed  w it h  nu cl ea r wea po ns  an d to check an d ev al uat e 
th e  ef fe cti ve ne ss  of  w ar he ad s.  N uc le ar  te st in g al so  pr ov id es  co nt in ui ng  co nf irm a­
tion  of  th e re li ab il it y  of  th e U.S. st oc kp ile  of  nucl ea r w ar he ad s.  Su ch  re li ab il it y 
becom es al l th e  mor e es se nti al  in vie w of li m it a ti o n s re su lt in g  fro m SA LT . Th e 
AE C be lie ve s th is  re li ab il it y  ca nn ot  be ac hi ev ed  w ith th e sa m e de gr ee  of  co nfi d­
en ce  th ro ug h ev en  un lim ited  no n- nu cl ea r te st in g  or  re bu ildi ng  of  w ar he ad s.

N uc le ar  we ap on  tec hn ol og y sh ou ld  no t be view ed  as  m atu re  an d la ck in g in 
a re a s to  in ve st ig at e.  T he re  a re  ad va nc es  in  th e  nat io nal  se cu ri ty  field  w hi ch , in 
th e ab se nc e of an  ad eq uat el y ve rif ied co m pr eh en sive  te s t ba n tr eaty , sh ou ld  be 
in ve st ig at ed . F or ex am pl e,  pr ec is io n gu ided  m un it io ns  open  a ne w field  fo r nu­
cle ar de ve lopm en t. Su ch  m un it io ns  co up led  w ith  low -yi eld  nu cl ea r w ar hea ds 
de sign ed  fo r min im um  co ll at er al  da m ag e ha ve  th e pote nt ia l of  sign ifi ca nt ly  en ­
ha nc in g th e d e te rr en t im pa ct  of ta cti cal nucl ea r forces . In  ad di ti on , on e of  th e 
gr ow in g co nc er ns  in  th e  nucl ea r wea po ns  are a is re la te d  to  im pr ov in g th e ab il it y  
to pr ev en t th e  us e of  a st ol en  or  ca ptu re d  we ap on  by an  un au th ori ze d par ty . 
W hi le  th ere  are  som e met ho ds  a t han d now , th e AE C is  de ve lopi ng  se ve ra l eve n 
mo re  eff ec tiv e w ay s of  ac co m pl ishi ng  th is  end. Som e of  th es e te ch ni qu es  re quir e 
nu cl ea r te st in g in ord er  to  ver if y  th e ir  co m pa tibi li ty  w ith nu cl ea r we ap on  
de sig ns .

I t is  no t cl ea r w he th er , in ad voc at in g a p er m an en t tr e a ty  to  ba n al l nu cl ea r 
te st s,  S. Re s. 67  w as  in te nd ed  to  in cl ud e pe ac ef ul  nucl ea r ex plos ive te st s a n d /o r 
pe ac ef ul  nu cl ea r ex plos ion ap pl ic at io ns . Bo th  co nt ai ne d unde rg ro un d en gi ne er ­
ing ap pl ic at io ns  an d ex ca vat io ns w ith  nuc le ar  ex pl os io ns  ha ve  te ch ni ca l, ec on om ­
ic, an d  in  som e ca se s, en vi ro nm en ta l ad van ta ges  ov er  co nv en tion al  pr ac tic e.  Th e 
U.S . h as an  en er gy  sh or ta ge . Pro du ct io n of  n a tu ra l ga s an d pe trol eu m  from  oil

•  sh al e,  as  we ll as  cr ea ti on of  und er gr ou nd  st or ag e sp ac e fo r th es e co mm od iti es  
us in g pe ac ef ul  nu cl ea r ex pl os io ns , may  he lp  e as e th a t sh or ta ge .

Th e U.S.  tec hn olog y ba se  in pe ac ef ul  nu cl ea r ex pl os io ns  ca n be em plo yed 
do m es tic al ly , as  in th e  re ce nt  Ri o Blan co  n a tu ra l ga s pr od uc tio n ex pe rim en t, an d 
in te rn ati o n all y  as  an  ai d to no n- nu cl ea r we ap on  st a te s an d le ss er  develop ed

• co unt ri es  which  ma y an ti ci pat e th e avai la bil it y  of  th is  as si st an ce  p u rs u an t to 
th e no n- pr ol if er at io n tr e a ty . Thu s, fu ll  co ns id er at io n ne ed s to  be giv en  to w or k­
ing ou t ar ra n g em en ts  in cl ud in g sa fe g u ard s fo r ac co m m od at in g pe ac ef ul  nu cl ea r 
ex pl os io ns  u nde r a co m pr eh en sive  te s t ba n tr eaty .

Th e AE C ha s st ud ie d po ss ible sa fe g u ard s w hich  co uld be eff ec tiv ely  em plo yed 
to  in su re  th a t pe ac ef ul  nucl ea r ex pl os io n ap pl ic at io ns  are  not be in g us ed  as  
a co ve r fo r wea po n te st s an d w ill  di sc us s th es e w ith  th e  Su bc om m itt ee  if  th a t is 
de si re d.

In  co nc lusio n,  th e AE C is no t in fa v o r of  Se na te  Res ol ut io n 67  be ca us e it ca lls  
fo r in it ia ti v es by th e U.S . whi ch  do no t ap p ear to  be ju st if ie d in vie w of  th e tec h-



nlcal and politic al cons idera tions  discussed above. In the absence of a compre­
hensive nuclear tes t ban treaty  adequ ately verified, the AEC believes there  are  
compelling reasons for the U.S. to continue with a nuclear  weapon development 
program.

Task Force for the  Nuclear Test Bax,
Washington , I).C., May 8, 1973.

Senator J . W. Fulbright,
Chairman, Senate Foreign Relations Committee, Senate Office Building, 

Washington, D.C.
Dear Senator F ulbright : It  is important , I believe, that  the enclosed mat eria l 

is brough t to your atte ntio n, in connection witli the scheduled hear ings  on the 
appointments of new officers for the Arms Control and Disarmame nt Agency.

The mate rial, which is being subm itted  in my indivi dual capac ity and not on 
behalf of the Task Force for the Nuclear Test Ban, summa rizes recently  disclosed 
evidence on the role of the U-2 affair in the collapse of the 1900 “sum mit” meet­
ing. This  evidence has been uncovered since t he Senat e hearin gs on th is subje ct in 
the  sprin g of 1960. As you will recall, it was expecte d an arms  control measure , 
the test  ban treaty , would be concluded a t the 1960  meeting.

The coming hearing s on the confirmation of Fre d Ikle and Amron Katz to 
positions  in the Arms Control and Disarmament Agency should provide an op­
port uni ty to discuss the current U.S. position on the comprehensive test  ban. As 
you know, the Arms Control Subcommittee held a day of hear ings  on this issue 
on May 1, at  which both Senator Kennedy and  Ambassad or Averell Ha rrim an 
urged th at  th e tes t ban should be included on th e a genda of the “summ it” meeting 
now scheduled for June. However, governm ent witness es made clea r that  the 
Nixon adm inistra tion stil l suppo rts the  demand for on-site inspectio n of a test 
ban agreement—a condition which has prevented conclusion of this tre aty for 
over a decade.

I hope you will find the information in the  enclosed piece relevan t background 
for y our questions on test ban policies at  the hearings .

With  best wishes,
Sincerely,

(M rs. ) J osephine Pomerance.

A Nuclear Test Ban at the Summ it?

(By  Jo Pom eran ce)

“The unw arr ant ed influence of the milita ry ind ustrial  complex”, as Pres iden t 
Eisenh ower predicted, has reache d into signif icant are as of the na tion’s resources 
as well as into its  foreign policy. The inabili ty of Congress so fa r to make sub­
sta nti al cuts  in the  defense budget, or to completely ha lt hos tilit ies in Indochina 
are  man ifes tations  of the continuing sickne ss of the body politic. This  infection 
stems, in gre at par t, from the power acquired by the vas t defense  estab lishment, 
including the intelligence community, developed in the nuclear e ra.

Most recently the  hard  line rs have ini tia ted  a reorgani zatio n of the  Arms 
Control and  Disarmam ent Agency, repor tedly  directed at  a reduc tion of the 
Agency’s influence. The task of pr otec ting  the n ation  from nuclear attack , agai nst 
which the re is clearly  no effective resis tance, has seemingly made defense an 
end in itself . Indeed the perp etua tion  of the  deterrence prog ram has  become 
so vital  to many of the adm inistration’s policy makers, and to the  business and 
mil itary int ere sts  which are  involved that  the  end seems to jus tify the  means. 
Ei the r for pat rio tic motives as they see them, or merely to preserve sta tus  or 
income, the  leadin g hard  line rs have often misrepresented the fact s and deceived 
the public  in the ir efforts to promo te the defense estab lishm ent, sacrificing 
opp ortunitie s for peaceful settlement and arm s control agree ment s in the process.

Conc urren t with the atte mp t to reduce the  sta tus  of the Disarmamen t Agency, 
for example, the adm inis trat ion has  insisted on mai ntai ning  policies which pre­
vented a tes t ban agreement for over  a decade. Although most of the nat ion ’s 
leading  scien tists  now argue  t ha t a tes t ban agreem ent can be verified by nat iona l 
means alone witho ut enda ngeri ng secur ity, the adm inis trat ion  contin ues to de­
mand on-site  inspection—a condition the Russians will never accept.

This  government position, is only the most recent indication  of official inflexi­
bility on thi s tes t ban question. Over the  years,  the  officials adm inis tering the
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testing project have  been stubbornly  determined to continue testing. They have 
done this even though experts  claimed a tes t ban agreement could be concluded 
with  the Russians withou t loss of secur ity and  even though no fu rth er advantage  
could be gained by add itio nal  tests . The quest ion ar is es : how has  thi s contro­
vers ial p rogram been pe rpetua ted?

The one incident which perh aps more tha n any other insu red the  co ntinuatio n 
of testing was the collapse of the “summit” meeting in 1960 as the res ult  o f the 
crash of an American U-2 spy plane over the  U.S.S.R. Although quest ions were 
raised at  the time abou t the  motives for government policy decisions in the 
affa ir, two Senate hea ring s were unable to find sat isfa ctory explana tions for 
the  U-2 flight or for the  confusion among American diplomats  when the  plane 
was captured. Today it is partic ula rly  timely to review this episode, not  only 
because in the inte rven ing yea rs new evidence has  become available,  but  because 
the re may shor tly be ano ther summit—this  one between Preside nt Nixon and 
Soviet par ty leader  Breszlinev, where the  tes t ban is aga in expected to be high 
on the agenda.

Briefly, the fac ts are  these. Pre parat ion s for a summit meeting between Pres­
ident  Eisenhower and Premie r Khrushchev at which it was hoped some of the 
pressing intern ational problems would be solved, were begun in 1959. Secreta ry 
of Sta te He rter expected  “an inte rim agreemen t for Ber lin” might be possible 
and that  the  “disa rmamen t deadlock” might  be broken, most probably  thro ugh  a 
ban on nuclear test ing.1 2 At the Geneva tes t ban negotiations, Ambassador Wads­
wor th of the U.S. and  Ambassador  Michael Wright of the  U.K. were both con­
vinced that  the Russians wan ted the  t es t ban agreemen t and  th at  ad equate prep ­
ara tions had been made on th e term s of th e t rea ty.  They were apprehensive,  how­
ever, since they had  not received new inst ruc tion s for months. Rumors were 
circ ulat ing that  John A. McCone, C hairman  of the U.S. Atomic Energy Commis­
sion, the agency responsible for the  test ing program, had asked  the  President  
to break off the talks. ’ Rumors of McCone’s strong opposition to the tes t ban 
were confirmed about a month before  the scheduled summit meeting, in a column 
by Joseph Alsop on April 4th in the  New York H era ld Tribune. McCone’s genera l 
thesis, Alsop reported, was that  a tes t ban could not be adequately  verified and 
that  fu rth er  testing was essentia l to secur ity. Commenting on a speech by Mc­
Cone outlin ing these views, Alsop w ro te : “These are  the  appalling fac ts to have 
to face at the present stage  of American policy making. With  the summit confe r­
ence ju st  around the  corner , the American government stands  vir tua lly  commit­
ted to the wholly inadequate Geneva detection system . . .  In the circumstances” 
he cont inued, “one must admire the  m odera te way Chairman McCone has  pressed 
on Presid ent  Eisenhower the case fo r the go slow approach to the  voluntary  m ora­
torium on tes ts.” Here,  Alsop seems to imply th at  stronger actio n is needed. It  
is not known whe ther  McCone took additional action to prevent the  tes t ban. 
It is known that  subsequent ly his conclusions  on thi s question were  shown to be 
completely false. Nevertheless, the A.E.C., the agency he represente d, continued 
opposition to the te st ban.

Officials in ano ther  government agency were also disturbed by the  prospect of 
the summ it conference. David Wise and Thomas Ross, wri ting  in “The U-2 
Affair ,” rep ort  th at  within the  CIA, which ran the U-2 espionage program, and 
in the  intelligence community in general, “the re was an uneasy feeling as the 
summit approached th at  a deten te might be reached in Pa ris  . . . An int ern a­
tion al rapprochement , followed by E isenhower’s tr ip to Russia, would make fur-  

• tlier flights politically impossible in the  foreseeable fu tur e . . . There was a
strong desi re therefo re to get one last  mission in under the  wire .” 3 As a conse­
quence, desp ite the fac t the re had been suspension of flights in the pas t a t sensi­
tive  periods,4 a U-2 flight over the U.S.S.R. to obta in furth er  information on 
missile instal lat ion s was authorized for  May 1, jus t two weeks before the summit. 

■ The pilot was Fra nci s Gary  Powers  who has  since repo rted his experiences in
“Operation  Overflight,” a book which the  CIA, under the  Chairmanship of Mc­
Cone, succeeded in suppressing from 1961 unt il 1969. In his book Powers reports 
that  before May 1st, the overf lights had  been dra stic ally reduced for  a period of 
about  two year s. Although some other  surveillance missions  had been scheduled.

1 Ross,  Tho mas  B., an d Wise , Da vid.  The  U—2 Af fa ir . Ra nd om  Ho use. In c. , New York. 
1962. pp . 141.  263.

2 I n te rv ie w s w ith Amba ss ad or s .Tames W ad sw or th  an d Michael W ri gh t,  Ge neva . Mav  
196 0.

3 R oss  an d W hi te , op. cit ., p. 265.
‘ I bid. , p. 176.
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“M on ths wo uld pa ss  w itho ut on e,” he  w ri te s.  “T he n su dd en ly , a ft e r a lon g 
pa use,  tw o fligh ts wer e sche du led fo r tlie same mon th , Apr il I96 0.” 5 6 Is  it  pr ob ab le  
as  W ise  and  Itos s re por t,  th a t th es e fli gh ts w er e or de re d a t th e tim e of th e su m m it 
be ca us e they  were so es se nt ia l, if  al l fli gh ts  ha d al re ad y bee n v ir tu all y  su s­
pe nd ed  fo r a tw o year pe rio d?  C er ta in ly  Pow er s’ ac co un t ra is es  qu es tion s as  to  
th e cr ed ib il ity of  th e offic ial reason  fo r th e May 1s t o ve rfl igh t.

Po wers al so  re po rt ed  he was  un us ua lly ne rv ou s du ring th e fligh t because, 
in st ea d of hi s cu stom ar y pla ne , he  was  as sign ed  one flow n over the ni gh t be fore  
fro m Lo ckheed, w he re  it  ha d been se nt  fo r re pa ir s.  It  was  ‘ kn ow n as  ‘a dog ,' 
ne ve r ha vi ng  flown ex ac tly  ri ght . . . .  No so on er  was  one m al fu nc tion  co r­
re cted  th an  an oth er ap pe ar ed . It s cu rr en t id io sy nc ra sy  was  one of  th e fu el  ta nks 
wh ich  wou ldn’t feed  al l of  th e fuel . B ut  not al l th e tim e, ju s t oc ca sion al ly .” 8 
Mo reo ver, in a re ce nt  in te rv ie w  w ith Pau l Ja co bs , a Los An geles  w ri te r.  Po wer s 
sa id  he  ha s sin ce  di scov ered  hi s own pl an e was  no t di sa bled  as  he  w as  tol d. 
D oe sn 't it  see m ex tr aord in ary  th a t,  a t so se ns iti ve  a pe rio d,  a pl an e wh ich  is 
obvio us ly ac ci de nt -p ro ne  shou ld  be as sign ed  to fly ov er  th e So vie t Union ? Here 
ag ai n,  Po wer s seem s to be qu es tion in g th e mo tiv e fo r th e overf lig ht .

Po w er s took  off from  Pes ha w ar , l ’ak is ta n , fly ing  a t ab ou t 68,(MX) ft . to  esc ap e 
So vie t tig ht er  pl an es  an d an ti -a ir c ra ft  missi les.  Above Sv erdiov sk  th e pl an e 
cr as he d,  an d Pow er s par ac hute d  sa fe ly  to th e  gr ou nd  whe re  he  was  a rr est ed  an d 
ta ken  to th e  So viet au th or it ie s.  L ate r a t his  tr ia l,  an d a t th e Sen at e he ar in gs , 
Po wer s te st if ied he  wa s su re  not hi ng  h it  hi s a ir c ra ft .7 Th e plan e,  he  thou gh t, 
was  di sa bl ed  by an  in te rn al  explos ion or  by a shock wav e fro m a near miss by 
a R us si an  an ti -a ir c ra ft  rocket.  Alth ou gh  th e  officia l So vie t stor y was  th a t Po w er s 
ha d been h it  by  a sin gle rock et , even th e Com mun ist  pr es s qu es tio ne d th is  ver ­
sio n. At  tl ie  op er at in g level of  th e  U-2 , So viet he ight -fi nd ing ra d a r was  st il l 
ju dg ed  to  be ine ffe cti ve .

Dn May 7, Khr us hc he v an no un ce d from  th e Kremlin  th a t th e pi lo t. Po we rs,  
ha d been ca ptu re d, co nc ludi ng : “ I am  pre par ed  to  g ra n t th a t th e P re si den t ha d 
no kn ow led ge  of  a fligh t be ing di sp at ch ed  to  th e So vie t Un ion  an d fa il in g  to 
re tu rn . B ut  it  sh ou ld  a le rt  us  st il l mor e . . . when th e m il it a ri st s begin  to  ru n 
th e show  . . . th e re su lt  ca n we ll be d is as te ro us. ” A few  ho ur s la te r,  th e P re si ­
dent's  pr es s se cr et ar y, Ja m es  H ag er ty , an no un ce d to  ne ws me n th a t th e U.S. 
wo uld re su m e nu cl ea r test in g,  un de r Pro je ct  Ve la, to im prov e it s ab il it y  to de tect  
such  bl as ts . The  re po rt er s ga ined  th e im pr es sion  th e te st s could  invo lve nu cl ea r 
weapons . Wise  an d Ross comm ent, “B ec au se  th e an no un ce m en t of  rene wed  U.S. 
atom ic  te st in g  ca me a few hou rs  a ft e r K hr us hc he v’s speech , it  w as  inev ita bl e 
th a t th e  tw o be came lin ke d in  m an y min ds  as  a be llic ose U ni ted S ta te s an sw er  to  
th e  spy pl an e ch ar ge s. ” 8

The  re st  of  th e  stor y,  is, of  course , his to ry . Khr us hc he v w as  fu ri ous th a t a 
U.S.  spy pl an e sho uld  ha ve  been au th ori ze d ju s t pr io r to th e su m m it  wh en  a 
cl im at e of  tr u s t was  so es se nt ia l. Th e Amer ican s mad e m att ers  w or se  by th ei r 
resp on se  to  tli e Sovie t ac cu sa tio ns . W ise  an d Ro ss co mmen t on th e Amer ican  
ha nd ling  of  th e cr is is  th is  way  : “By ly ing,  wh en it  could  ha ve  re m aine d sil en t, 
by adm it ti ng  it  ha d lied, by di sc la im in g Pre si den tial  re sp on sibi lit y,  an d then  
adm it ti ng  P re si den tial  re sp on sibi li ty , an d fin all y by im plyi ng  th e  fli gh ts wo uld  
co nt in ue , th e Uni ted S ta te s mad e it  im po ssi ble fo r th e  su m mit to ta ke plac e.” 
Is  it  pr ob ab le  th a t seas on ed  dip lo m at s wo uld  become  so co nfus ed  th ey  wo uld  
mak e th is  s uccess ion  o f e rr o rs ?

Th e P re si den t,  who Pow er s st a te s was  ne ve r ad eq ua te ly  in fo rm ed  of th e c ir ­
cu m stan ce s of  th e flight,® tr ie d  to  ta ke  an  inde pe nd en t st and  from  his  ad vi so rs . 
He  fina lly  an no un ce d a t tli e co nf er en ce  ta ble  in P ari s th a t he  had  ca lle d off the 
U-2  fli gh ts . Khr us hc he v ha d de man de d th is  ple dge as  a co nd iti on  fo r at te ndin g 
th e su m mit.  He could  no t do oth er w is e an d re m ain Pre m ie r of  t he  U.S .S.R. When 
th e  pled ge  came , howe ver, it wa s too la te , an d K hr us hc he v le ft  Par is .

The  Sen at e in ve st ig at io n by th e Fo re ig n R el at io ns  Co mmitt ee  was  he ld en ­
ti re ly  in ex ec ut ive sess ion be tw ee n Ma y 27 an d Ju ne  2, 1960. The  CIA te st i-

5 P ow er s,  F ra nci s Ga ry , Op er at ion O ve rn ight . Hol t, R hin eh art  an d W in ston  Inc.,  New Yo rk.  197 0, p. 69.
"I b id .,  p. 76.
7 I bid. , p. 322.
8 R oss an d Wise,  op. ci t. , p. 100.
8 P ow er s,  F ra nce s Ga ry , op. ci t. , p. 352 .
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mo ny w as  ex purg at ed  by CIA off icials  be fo re  th e  reco rd  w as  re le as ed  to  th e 
pr es s ac co rd in g to  th e st at em en t on th e fly lea f. Ev en  w ith  al l th e  secrecy, th e 
d is ast er w as  no t fu lly  ex pl ai ne d.  Fe w Com mitt ee  mem be rs as ked  qu es tion s ab ou t 
th e cr uc ia l po in ts  in th e af fa ir . The  Co mmitt ee  did confi rm th a t th e de cis ion to 
send  th e U -2  was  no t mad e by to p official s. P re si den t Eisen ho w er  merely  a u th o r­
ized  a gr ou p of  fl ight s w ith ou t an y th oug ht  th a t one m ig ht  be clo se to th e  su m ­
mi t, no r w as  he  re m in de d of th is  sign ifi ca nt  po in t wh en  his ap pr ov al  of  th e 
pl an  w as  re qu es te d.  R ic har d  Biss ell , Dep uty D irec to r of  th e CIA m ad e al l the 
ar ra ng em en ts .

Th e Com mitt ee  seem ed  co nc erne d th a t go ve rn m en t moves  ha d he lped  to mak e 
th e U.S. im ag e suffi cie nt ly  be lli ge re nt  to has te n th e co lla pse of  th e  su mmit.  The y 
pres sed w itn es se s p a rt ic u la rl y  on tw o p o in ts : fir st , how  did  V ice-Pr es iden t Ni xo n 
ha pp en  to  st a te  on te le vi sion  on May 14 th a t th e fli gh ts wo uld  co nt in ue  when th e 
Pre si de nt  ha d giv en  th e ord er  to  ha lt  them  on May 12? Mo reover,  sin ce  th er e 
d id n 't seem to be any em erge nc y,  wh y did Sec re ta ry  of Defen se  G at es  o rd er a 
wor ld-w ide a le rt  of  U.S.  fo rc es  a t th e mom en t it  ap pe ar ed  K hr us hc he v mig ht  re ­
co ns id er  hi s de cis ion to  leav e P a r is ? 10

Th e d is ast er a t th e  su m m it  ru in ed  ho pe s fo r an  ea rl y  ea sing  of th e in te rn a*
* tion al  cl im at e an d po stpo ne d a co mpr eh en sive  te s t ba n tr ea ty  fo r ye ar s.  I t  is 

possi ble  to  co nc lude  from  th e ev iden ce  pr es en te d he re , mu ch of it  on ly  now  as­
semble d to ge th er , th a t mere ne gl igen ce  was  no t th e ca us e of  th e trag ed y,  but 
th a t pe rson s a n d /o r ag en ci es  pl an ne d to  pre ve nt  th e det en te  which  co uld ha ve  
re su lted  from  th e su m mit.  Co mmen tin g on si m il ar U.S. in te lli ge nc e mission s

* wh ich  ha ve  ha d an  ex tr ao rd in ary  im pa ct  on his to ry , P ete r Dale Sc ot t w ri te s,  
“T he  Pu eb lo  cr is is  ne ed s to  be unders to od .. . .  Ther e ar e  too  m an y in di ca tion s 
th a t man y all eg ed  ‘e rr o rs ’ an d ‘co incide nc es ’ on th e Amer ican  sid e w ithout which  
th e in ci de nt  wo uld  not ha ve  o ccu rr ed ; wer e in  fa c t no t err ors  an d co incide nc es  
bu t part  of  an  en duri ng pa tt e rn  of  ar ti fi ci al ly  pr od uc ed  pr ov oc at ions  a n d /o r 
‘cr is es ’ th e  re cu rr en ce  of  which  has cont ri but ed  to th e  in cr ea si ng  m il it ari zati on  
of Amer ican  fo re ign po lic y sin ce  th e all -to o co m pa ra bl e U-2  in ci de nt  of  I960”.11 
In  a new  book on th e CIA,  C. F le tc her  P ro u ty  su gg es ts  a plot  again st  th e pea ce : 
“I f  by an y ch an ce  th e  th ought had  oc cu rred  to th e  fo ur men  wh o laun ch ed  it  
th a t th e fa il u re  of  th is  re la tivel y un im port an t fli gh t wo uld  co mpletely wreck  
an d v it ia te  al l of th e ho pe s an d pl an s of th e  Eisen ho w er  C ru sa de  fo r Pe ace, th ey  
could  no t ha ve  chosen  a more ef fecti ve  metho d or  tim e to  ha ve  done  it.  The  ve ry  
fa ct th a t w ha t w as  do ne  could  ha ve  bee n do ne  so ea si ly  ac co rd in g to  a si n is te r 
plan , no t an  ac ci de nt  or So viet ac t, se rv es  on ly  to  fu el  th e th ough t th a t it  mig ht  
ha ve  been do ne  on pu rpos e.  Su ch a simple th in g as fa il u re  to su pp ly  th e pl an e 
w ith  suf fic ien t hy dr og en  fo r th e fli gh t co uld ha ve  re su lted , ju s t as  i t  did, in  th e 
cert a in  fla me -out of  th e  en gine  an d th e su bs eq ue nt  fa il u re  of  th e m ission — 
or th e success of  th e  mission —d ep en ding  upon  th e se cr et  in te n t of  th ose  wh o 
di sp at ch ed  it .” 12 P ro uty  goes on to say th e fl ight  was  “lau nc he d an d di re ct ed  by 
a sm al l cel l of  in ne r e li te ”—by fo ur me n, wh ose  na mes  he  does not re ve al .

/Today, a new ca mpa ign fo r th e te s t ba n is be ing in it ia te d  w ith  th e in tr od uc tion  
of  Sen at e Res ol ut io n 67 on F ebru ary  20, 1973, an d ano th er su m m it m ee ting  is 
sche du led in la te  Ju ne . Evide nc e th a t th e pu bl ic  has  been  complete ly  m is lead  in 
re ce nt  y ea rs  by  th e A .E.C . an d th e Pe nt ag on  ab ou t th e th e n ec es si ty  f o r on -s ite  in­
spec tio n fo r ad eq uat e su rv ei ll an ce  of a te st  ba n ag re em en t ha ve  a lr eady  bee n 
pr es en te d a t Sen at e hea ring s.  The  new di sc lo su re s as se mbled  he re  in dic ati ng  the 
1960 su m m it  m ee ting  may  ha ve  been  sa bo ta ge d in  p a rt  to  pre ve nt  th e  te s t ba n 
ag re em en t, a re  al so  im port an t to  an  ev al ua tion  of  th e go ve rn m en t’s po si tio n on

•  th is  arm s co nt ro l mea su re . The  ev iden ce  could  be ex plod ed  fu rt h e r a t ad dit io nal  
hear in gs a t which  Jo hn McC one, F ra nci s Gar y Po wer s and F le tc her P ro u ty  wo uld  
be am on g th e w itn es se s wh o wo uld  be as ke d to  prov id e w hat ev er  info rm at io n t he y 
m ig ht  pos ses s. I f  a t al l po ss ible,  it  wo uld see m th e Sen at e For ei gn  R el at io ns  C om­
mit te e,  wh ich  is  e mpo wered  to  o ve rsee  go ve rn m en t oper at io ns in  th is  a re a,  shou ld

•  ha ve  th e fact s.

10 E ve nts  In ci den t to  th e  Sum m it  Co nferen ce , Sen at e For ei gn  Rel at io ns  Co mmitt ee  H ear­
in gs . May 27. Ju ne 1 an d 2. 1960 .

11 Sco tt , Pet er  Da le.  Th e W ar  Con sp ira cy . Bo bb s-M erril l Co., In c. . New  Yo rk.  197 2, p. 112. 
13 P ro uty , L. F le tc her , The  Se cr et  Te am , Pre ntice -H al l,  Inc .,‘ En gle wo od  Cliff s, N.J.  1973.

pp. 35 4- 5.
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T he Ripon Society, 
Washing ton, D.C., Ap ril 26 ,1 97 3.

Hon. Charles McC. Mathias ,
U.S. S enate,
Washington, D.C.

Dear Senator Mathias : As a principal co-sponsor of S. Res. 67, you are  no 
doubt awa re of The Ripon Society’s pas t suppo rt for atte mpts to encoura ge nego­
tiat ions for a comprehensive nuc lear  te st ban tre aty .

Last  year, In response to a resoluti on sim ilar  to S. Res. 67, Ripon urged the 
Admi nistration  to actively promote nego tiation s leading to a tes t ban tre aty . In 
our state ment , a copy of which is enclosed, we observed “th at a more propi tious 
time for agreem ent upon such a tre aty  may n ot easily be found again.”

A y ear has passed since we issued our state men t, and w’e a re not any closer to 
negot iating  a tes t ban trea ty. There fore, on beha lf of The Ripon Society, I want 
to rei ter ate  our stron g support  for a comprehensiv e nuclea r tes t ban trea ty.

We wish you a nd your colleagues every success in y our efforts to secure Senate 
passage of S. Res. 67.

Sincerely,
Michael F. MacLeod,

Nati onal  Direct or.
Enclosure.

Statement by the  Ripon Society

A renewed willingness to activel y pur sue  the negot iation  of a comprehensive 
nucle ar tes t tre aty  would be in keeping with the  best of the foreign  policies 
of the Nixon Admi nistra tion. A successful tre aty  would be an impor tan t com­
plement to a SALT agreemen t, and a signif icant item in the list  of init iati ves  
which this adm inis trat ion  has  unde rtake n, to reshape  the Soviet-U.S. rela tion ­
ship, a nd even in some respects, the  st ruc tur e of world o rder.

Such a position  is possible and in fac t easy, for Mr. Nixon to take. Modern 
seismic technology can detec t and ident ify all but  the triv iall y sma llest  seismic 
events, hence the trad itio nal  American position tha t any agree ment must include 
provisions for on-site inspection, can safe ly be jettiso ned, or at  a minimum, sub­
stan tial ly modified.

A numbe r of benefits are  likely to accrue  from a comprehensiv e tes t ban 
trea ty. Per hap s the most significant, is that  it would act as a sub stan tial  brake  
upon the development of new weapons systems and hence upon the  arm s race. 
An i mp orta nt point here is th at  this brak e would be a pplied at  the  final develop­
ment and engineering  stage s and hence would not necessa rily inh ibit  the early 
stage s of resear ch much, if  at  all.

Beyond its impact upon the U.S.-Soviet Arms Race, a comprehensive tes t ban 
tre aty  could w’ell serve to bring additio nal natio ns to rat ify  the non-p rolife ration  
tre aty  of 1968, and perha ps even serve to inhib it the  atmospher ic testi ng of 
Fran ce and China.

A thi rd benefit of sub stan tial  significance is the elimin ation of the environ­
menta l risk s inher ent in continued  underg round testin g. Among these are  the 
accid ental venting  of radio activ e debr is into the atmosphere, which has occurred 
frequ ently  enough to cause subs tant ial concern;  the possible conta minat ion of 
undergrou nd wate r and /or  surround ing ear th, which can find i ts way into rive rs 
and stre ams  and thereby raise rad iati on levels over broad ar ea s; and finally the  
not insu bstant ial risk of trigg ering eart hquakes  in some areas.

The costs to United States nati ona l secur ity are  v ery small or nonexistent. The 
warh ead stockpile is enormous, the  technology is highly sophis ticated . It  Is ex­
tremel y unlikely th at  any pressi ng need to test  subs tant iall y new warhe ad tech ­
nology could be wa rran ted  in the  foreseeable future , and a working  agreem ent 
might well preclude th at  need indefinite ly. Furt herm ore,  such trea ties  can be 
writte n with an escape c lause, as was the 1963  Limited  Test Ban Trea ty, whereby 
pressi ng dangers to the “supreme nati onal  inte res t” can allow for  t he abroga tion 
of th e t rea ty.

Beyond argument s over the mer its of a comprehensive tes t ban, it  is also im­
po rta nt to realize th at  a more prop itiou s time for agree ment upon such a tre aty  
may n ot easil y be foun d ag ain.



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 init iate  active efforts 
to reach agreement on a comprehensive Test Ban Treaty , as an important and 
logical part  of its foreign and national security  policy.

Letters and Articles Submitted by Senator Edward M. Kennedy Regarding 
Senate Resolution 67

The Arms Control Association,
Washington, D.C. Apri l 27, 1973.

Hon. Edward M. Kennedy,
U.S. Senate,
Washington, D.C.

Dear Senator Kennedy : I am gra teful 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 enthusiast ically 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 fo r 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
sive Test Ban Treaty  as an arms control measure of the first priority. I believe 
tha t an immediate end to nuclear testing by the United States and the Soviet 
Union, even if others do not a t once follow suit, is very much in our security in­
terest, and tha t continued testing  is an unwarranted inhibition to progress in 
SALT and to the durabil ity of the Non-Proliferation Treaty.  It  provides con­
tinued and embarrassing  evidence of a lack of commitment to the solemn trea ty 
undertak ing we made, both in the 1963 Limited Tes t 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 th at 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 inten t of the Resolution to faci litate  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 tha t follow I will e laborate on some of the foregoing observa­
tions, although it is with a sense tha t 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 th is Resolution for your initiative.  
Sincerely,

William C. Foster,
Chairman.

International Union, United Automobile, Aerospace &
Agricultural Workers of America—UAW,

Washington, D.C., April 23,1973.Hon. Edward M. Kennedy,
U.S. 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



abs tain s from underground testing,” and calls upon him to “set forth  promptly 
a new proposal to the government of the USSR and othe r nations  for a per­
manent tre aty to ban a ll nuclear tes ts.”

The UAW has  long advocated a complete, ra th er  than a pa rtial nuc lear  tes t 
ban. In the words of our 1970 Con stitu tional Convention Resolut ion on Peace 
and Di sar ma me nt:

“No less imp orta nt to the development of a peaceful world  is the  att ain me nt of 
a c omprehensive t es t ban tre aty  between the  U nited  States and the  Soviet Union. 
Underground nucle ar testing,  while resulti ng in no significa nt nuc lear  fallout, 
does contrib ute to the furth er  refinement of MIRV and ABM capa bilit ies, and 
thu s adds an ex tra  spu rt to the race for firs t-st rike  superiorit y. Only a successful 
conclusion to SALT can, in our judgment, avoid this  race for first- strike 
supe rior ity.”

Much has happened since thi s resol ution was passed to confirm our  then-high  
hopes for peace. A decisive Senate vote in favo r of a comprehensive tes t ban, 
will, we believe, continue t he alre ady  strong forw ard  movement tow ard s a stable  
and lasti ng peace in  the  world.

Sincerely,
Leonard  W ood cock, 

President, Interna tion al Union, UAW.

U.S . Sen a te ,
Washington, D.C., April  30,1973.

Hon. E dmund S. Muskie,
Chairm-an, Subcommit tee on Arms Control, Inte rnational Law and Organization, 

Sena te Committee on Foreign Relations, Washington, D.C.
Dear Mr. Chairman : Although I did not wish to burde n the Subcommittee by

coming before you a second time in supp ort of our comprehensive nuclear test  
ban resolu tion, I hope a word for the record wil l be in order.

Developments since 1963, when the United  States first committed itse lf to 
“achieve the  discontinuance of all tes t explosions of nuclear  weapon s for all 
time,” make it more logical tha n ever th at  we purs ue such an objective. Tech­
nology has vast ly improved our means  of detection and ver ific ation; the  SALT 
accords of 1972 have placed qu antita tiv e limi tations on offensive and defensive 
stra teg ic we apo ns; the time is ripe for  a nex t step which would brin g to a ha lt a 
maj or phas e of the  qualit ativ e aspec t of the nucle ar arms race.

A fa vorable  Senate vote on this  Resolution would continue the  momentum in 
the arm s contro l field. I earnes tly requ est early Committee consideration.

Tha nk you ve ry much.
Sincerely,

P hi li p A. Hart.

University of California,
La Jolla, Calif., March 15, 1973.

Senator  Edward M. Kennedy,
U.S. Senate,
Washington, D.C.

Dear Senator Kennedy : I have read the  resolut ion which you introd uced and 
the argu men ts which you put  forw ard. Needless to say, I am very much in favor  
of a ll efforts  to stop this crazy competi tion between two gre at coun tries  who have 
no reason to und erta ke any kind of war, especially involving atomic weapons. 
Surely the  leade rs of two countrie s should und erst and  th at  any attem pt to ini ti­
ate  an atomic war  would be dis ast rou s in the extreme . I have  been fear ing th at  
some accid ent will occur and a weapon of some kind  will land  in our count ry 
or in the U.S.S.R., triggering off an enormous exchange  of atomic weapons. All 
effor ts th at  can be made to come to an und erst and ing with the  Soviet Union in 
reg ard  to thi s ma tter are  of gre at importa nce, and I must say th at  I grea tly 
adm ire your efforts in atte mp ting  to accomplish this.

I wish I could get over the feelin g th at  the Russians are  exceedingly tricky , 
and  I greatly  deplore their  lack of publicity in rega rd to wh at they are  doing. 
I do hope th at  the United  States does not play a sim ilar  game, but, at  the same
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time, I  hope our negotiators  are careful in view of t he 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 you keep me in­
formed of all moves of this kind.

With best regards.
Sincerely,

Harold C. Urey.
University of California, 

Berkeley, Calif., May 8, 1978.
Senator Edward M. Kennedy,
U.S. Senate,
Washington.

Dear Senator Kennedy : Thank you for sending me your May 1 statement 
supporting a comprehensive Test Ban Treaty (CT B).

I thoroughly approve and applaud your statement.
Sincerely,

Owen Chamberlain,
Professor of Physics.

P.S. Any help I give would probably be channeled through the Federation 
of American Scientists (Washington office).

Massachusetts I nstitute of Technology,
Laboratory for Nuclear Science,

Cambridge, Mass., March 9,1973.
Senator Edward 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 calling 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 
interna tional agenda. Not only will the cessation of underground testing place 
an effective inhibition on the race fo r qualitative improvements in nuclear arma­
ments, thereby enhancing the prospects for fruit ful results in the next stage of 
SALT, but it is perhaps the most useful immediate step tha t we and the Rus­
sians can take to promote adherence to the Non-Proliferation Treaty  by the 
technologically advanced nations tha t have still not ratified it.

I sincerely commend your initiative  in this matter. With best wishes, 
Sincerely yours,

Bernard T. Feld, 
Professor of Physios.

Massachusetts Institute of Technology,
Cambridge, Mass., March 19,1973.

Hon. Edward M. Kennedy,
U.S. Senate,

• Washington, D.C.
Dear Senator Kennedy : Thank you for sending me a copy of your recent 

(Feb ruar y 20) statement on a comprehensive nuclear test ban treaty , and for 
soliciting my comments and endorsement.

w I concur wholeheartedly with your arguments and am most pleased to endorse
the effort.

I wish you well with it.
Sincerely yours,

G. W. Rathjens.



The  J ohns Hopkins University School of Medicine,
The J ohns Hopkins Hospital,

Baltimore, Md., March 12,1918.
Senator Edward M. Kennedy,
U.S. Senate,
Washington, D.C.

Dear Senator Kennedy : Tha nk you for  sending me your resolu tion urging a 
comprehensive tes t ban trea ty. As long as unr est ric ted  resea rch and development 
of nuclear weapons continue, the  danger of a holocaust does not dimin ish and 
intern atio nal  tensions will rema in high. A comprehensive tes t ban seems the  only 
feasible way a t the  moment for beginning to achieve some s tab ilit y and,  thereby, 
taking the  first  significa nt step towa rd removing the growing  th re at  to human 
survival posed by the  nuclear arm s race. Therefore, I strongly supp ort the 
resolution .

Sincerely,
J erome D. Frank, M.D.,

Professor of Psychiatry.

The League of Women Voters of the United States,
Washington, D.C., March Ilf, 1978.

Hon. J. William Fulbright,
Chairman, Senate Committee on Foreign Relations,
U.S. Senate,
Washington, D.C.

Dear Senator Fulbright: Over the  year s the League of Women Voters has 
backed var ious arms  control measures under its position supp orting int ern a­
tional agree ment s aimed at  reducing  the risks of war. We have endorse d U.S. 
ratif icati on of the  Nuclear Nonp roliferati on Trea ty, the Geneva Protocol on chemi­
cal-biological warfare and the tre aty  to ban nucle ar weapons from the seabed.

Consi stent  with our past supp ort we now wish to be recorde d in f avo r of S. Res. 
67, which proposes an immediate suspension on underground nuclear testing and 
prompt nego tiatio n with the Soviet Union and other natio ns for  a permanent 
tre aty  to ban  al l Nuclear  tes ts.

League supp ort of efforts to reduce  the  risk of war  evolves from an historic 
League belie f th at  nations must find means other tha n war  to solve world prob­
lems. Changing political  balances , emerging are as of mutual int ere st between the 
maj or powers, techn ical advan ces in the detection of nuclear blas ts, and the de­
velopment of new weapons sy stems encourage cons tant conferences on the  va rious  
phases  of disa rmamen t and arm s control. Any ag reement reached, however, must 
include safe gua rds  for U.S. nationa l secur ity and the  domestic economy. It  is 
gener ally held th at  disarmamen t is a step-by-step process and th at  any measure 
to reduce the risk  of war  is a step of value, not only in itse lf but  also in creat ing 
an atmo sphere of mutual confidence in which a disarmed world is possible.

We believe th at  extens ion of the  par tia l Test Ban Tre aty to include und er­
ground test ing would be an esse ntial  step towa rd ending the nuclear arm s race. 
It  would encourage adherence to the  nonprol ifera tion  tre aty by many poten tial 
nuclear powers which are  reluct ant  to forgo nucle ar weapons development while 
tes ting  by the nuclea r supe r powers goes on. It  would prot ect our enviro nment 
from the  ventin g of radioac tive mat eria ls, conta mina tion of undergrou nd wat ers 
and oth er dange rs of nuclear tes ting.

The League of Women Voters supp orts  U.S. init iati ves  to nego tiate  a compre­
hensive tes t ban treaty  and supp orts  these  proopsals as vita l prerequ isites to na­
tional secur ity and world peace.

Sincerely,
Mrs. Bruce B. Benson,

President.

University of California, San Diego,
La Jolla, Calif., March 5, 1978.

Hon. Edward M. Kennedy,
U.S. Senate,
W as hi ng to n,  D.C.

Dear Senator Kennedy : Tha nks  for your let ter  of Feb rua ry 27, which en­
closed a copy of your Febru ary  20 stateme nt on a Comprehensive Test Ban. I



am personally  delighted by your action s in the  mat ter and strongly  endors e 
them.

Enclosed please find a copy of an arti cle  on the  subj ect published in last No­
vembe r’s Scientific American.

The re are  some other elements of the Qualitativ e Arms Race which deserve  
atte ntion also. Some of these, especia lly those relating to ASW, have been dis­
cussed recently by Pete  Scoville and by Kosta  Tsipis (a t M IT ). Some others 
are discussed in a pap er of mine to be published shor tly in the  Bul letin of the 
Atomic Scien tist s; I’ll send a copy along as soon as it is available.

Sincerely,
H erbert F. York.

[From the  Scientific American, November 1972]

T he  Great Test-Ban Debate—T he  T rend of Events in  Weaponry and in
Arms  Control T end To Refut e Arguments  Presented a Decade Ago Against  
a Limit ed Nuclear-Test Ban and To I ndicate T hat  th e T ime May Be R ipe  
for a Comp rehe nsive  Test Ban

(By Herbe rt F. York )

The modest but significant prog ress  tow ard the  contro l of nuclear  weapons 
th at  has  been made duri ng the  pa st nine year s has brou ght to the  fore  the ques­
tion th at  was raise d in the first pl ac e: Is  the time ripe for a tre aty proh ibiting 
all tes ts of nuclear  weap ons?  Indeed , both the limited-test-b an tre aty of 1963 
and the  nonprol iferatio n tre aty  of 1968 contain clauses obliga ting the sign ato­
ries to seek to achieve  a tre aty  esta blis hing a comprehensive  ban. The issue is 
therefo re being debated again,  as it was when Jero me B. Wiesner and I dis­
cussed the subject in these  pages in October, 1964. This  time, however, it is 
possible to employ hindsig ht to shar pen  foresi ght, because most of the  arg u­
ments being made again st a comprehensiv e tes t ban now are  esse ntia lly the same 
as the ones th at  were put  for ward in the long debate preceding the adoption of 
the  limit ed tes t ban. An examination  of how those arguments  look in the ligh t 
of exper ience will help to supply a basis  for esti mating  how much weight  they 
should be given in the pres ent debate .

The quest ions involved are  of two general types. One type has  to do with  the  
means for  mo nitorin g a  t es t b an to e nsu re th at  th e sign ator ies ar e complying with 
the tre aty . Th at subject was recently reviewed in these  pages [see  “Exte ndin g 
the Nucl ear-T est Ban,” by Henr y R. Myers; Scie ntific Americ an, Ja nu ar y] . 
The other type has to do with  the pot ent ial effects of a tes t ban on the  national  
security of the  partie s to a tre aty or any other agreement . I shal l limit  my dis­
cussion t o qu estions of t his  type.

In the debat es of a decade and  more ago (from 1957 to 1963, to be more pre ­
cise ) the nati onal-sec urity  ma tte rs most frequent ly raised by people who opposed 
or seriously questioned the tes t ban came under the  following gene ral he ad ing s: 
anti-b allist ic-mi ssile  (AB M) systems, weapons effects, pure fusion bombs, im­
provem ent of the  yield-to-weight rat io of nuclear weapons and new knowledge, 
possibly involving mil itary surprises . Let us review the arguments  and the  sub­
seque nt developments u nder each heading .

In the ear ly 1960’s claim s w ere made by Russ ian officials th at  the  U.S.S.R. had 
solved the problem of inte rcep ting  and  destro ying incoming bal list ic missiles. 
Not long af ter wa rd  U.S. intelligence act ivi ty discovered th at  the Russian s were 
indeed beginning to deploy an ABM system. Moreover, the exten sive series  of 
nuclear tes ts conducted by the Rus sian s dur ing  1961 and 1962 had includ­
ed explosions at  alti tud es th at  would be of inte res t to desig ners of an ABM sys­
tem. The U.S. had also conducted a number  of liigh -alti tude  tes ts, leading  
cer tain  scie ntis ts and milita ry officials to ass ert  th at  thi s coun try had enough 
knowledge to design an ABM system. Secreta ry of Defense Robe rt S. McNa­
ma ra and oth er high officials did not agree, however, and so no ABM-system 
deployment was t hen auth oriz ed in th is count ry.

Opponents of a tes t ban contended th at  the  reason for the  difference be­
tween the Russian  decision to deploy and the U.S. decision not to deploy 
must be th at  the Russian s knew someth ing we did not know. They suggested 
th at  this someth ing had been discovered  duri ng the Russ ian tes t series. Some op­
ponents went on to specu late th at  the reason the Russian s were now willing  to 
consider a tes t ban was th at  they had learned some esse ntia l secre t and saw 
the tes t ban as a way of p reve nting the U.S. from learning  it.
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For  example, the  physicist Edw ard Teller sa id : “I thin k the re is a  d isp ari ty in 
knowledge, and  the  d ispa rity  of knowledge today means a dispar ity of power to­
morrow. . . .  I believe t hat , because they have acquir ed this knowledge, they don’t 
need any more atmos pheric  te sts, and I believe th at  is why Khrushchev is willing 
to sign the  tre aty at  present.” Senator Strom Thurm ond sa id : “All it  will take  
to put the Soviets in a domi nant nuclear position is two th in gs : one, enough time 
to build up a stockpile of the already  perfected Red antim issi le missile, which 
will render  our  huge arsenal of ICBM’s [int erc ont inenta l balli stic miss iles]  use­
less, and second, ratificatio n of the test-ban tre aty  th at  will prev ent the  United 
States from high -alti tude  tes ts necess ary for completion of our own Nike X 
antim issile-missile program , thereb y leavin g America defensel ess aga inst  Red 
missiles.”

When pressed for detai ls, the opponents of the tes t ban commonly referre d to 
several  ma tte rs on which, they said, insufficient information existed , at  leas t in 
the U.S. One ma tte r was the  blackout phenomenon, in which a nuclear  explosion 
at  high alt itu de  produces a large volume of ionized air  th at  is for a time opaque 
to rad ar. The re were also allus ions to cer tain  long-rang e “kill ” me chanism s tha t 
would work aga ins t incoming warh eads.  Here it was argued  th at  tes ts were 
needed in order to design defensive war hea ds th at  would  produce such effects and 
offensive w arhe ads that  would surviv e the effects.

On the other side of the  argu men t it was contended th at  the U.S.S.R. had not 
gained  any special advantage due to some p riva te knowledge abou t high -alti tude  
effects. Harold  Brown, who w as then Dire ctor  of Defense Research and Engineer­
ing, said : “I feel ra the r strong ly th at  they [th e Rus sian s] are  not subs tant ially 
ahead of us.” He added th at  it was not a defect in nuclear  knowledge that  had 
preve nted the  U.S. from deploying ABM systems but ra ther  th at  “the U.S. de­
cided not  to  deploy the Nike Zeus because i ts effectiveness was inad equ ate  aga inst 
U.S. penetra tion  aids . . . and we assum e the  same would be tru e of the Soviet 
pene trat ion-aid capability .” The U.S. Jo int  Chiefs of Staff said th at  “development 
of the  U.S. [ABM] system does n ot depend on at mosp heric  testi ng and hence this 
tre aty  will not significan tly influence any imbalance th at  may exist.”

Wh at have subsequ ent events  reveal ed about these claims and predictio ns? The 
Rus sian  ABM program proceeded erra tically  from the base describ ed in 1963. 
After several periods of delay th at  indica ted indecision and  uncertai nty,  the 
Moscow ABM system (now  called the Galosh system) was reported early  this  
year to have  fewer than 100 ABM vehicles ready for launching. The system was 
gene rally  judge d to be qui te inad equate for coping with an at tack  agai nst it by 
U.S. missiles. Russ ian AMB instal lat ion s th at  had at  one time been reported 
aro und  Leningrad and Tall inn eit her were dism antle d or tur ned  out  to have a 
diffe rent purpose. Nothing that  has happened since the test-b an debate  has con­
firmed the  notion th at  the  U.S.S.R. knew something the U.S. did not know. In ­
deed, the  Russian decision to deploy the Galosh system seems to  have been due to 
a poor und ersta ndin g of just how easy it is to pen etra te systems of that  type 
and  size.

On the U.S. side the development of an ABM system continu ed through the 
1960’s at  a level of abou t .$500 million per year. The system slowly evolved, as 
did the politica l situ atio n both domestic ally and inte rnation ally . Final ly, near 
the end of the Johnson Adm inist ratio n, a decision was made to deploy an ABM 
system called Sentinel arou nd cer tain cities. The main reason  given was that  it 
would provide  protec tion aga ins t a prospect ive Chinese missile force.

After conside rable public reac tion this decision was rescinde d, and a deploy­
ment of the game equipment und er a new name (Safeg ua rd ) was proposed by 
the Nixon Administra tion.  The Senate  accepted the  proposal af ter a long debate 
about the  effectiveness of the system and the problems being met in developing 
it. In the  ent ire debate developments in nuclear  weaponry were never cited as 
havin g a crucia l role in the vari ous  decisions concerning deployment. The seriou s 
quest ions that  were raised about the feas ibilit y of the system all had to do with 
such matters as the  computers, the  rada r and the problems posed by decoys and 
MIRV ’s (mu ltip le indep enden tly targ etab le reen try veh icle s). When nuclear 
problem s such as blackout were  mentioned, it was only per iphe rally  and never 
as constitu ting  a maj or problem.

None of this proves th at  nuclear-weapo ns developm ent and weapons-effect 
rese arch  are  ent irely irre lev ant to ABM development, but  it  does indicate  that  
rece nt research and developm ent in this field have been f ar  from essential. App ar­
ently  any lack of perfe ction  in weapons can be overcome in the  design of othe r



pa rts  of the  system. Moreover, as the  ABM progra m has  shif ted from Sentine l to 
Safe guard and now to the  site-defense system (sometimes called Har ds ite ), the  
emph asis has  shif ted from  inter cept ion at  gre at dista nces and high alt itu des to 
inter cept ion ne ar the  ta rg et  at  rela tivel y low alti tudes, where  the phenomena to 
be dea lt with are much b ett er known.

I tur n now to weapons  effects. Durin g the yea rs when nuclear  weapon s were 
tested aboveground, the basic effects—blast,  radiation, fal lou t—th at  kill, inj ure  
and  destroy were studied in gre at detai l. These are  the weapons effects that  
m at te r; the entire  concept of deter rence , which all sides cite as the main  reason 
for  mai ntain ing nuclear forces, is based wholly on the  thr ea t of unacceptable 
levels of death and des truc tion  through these  effects. For  decades  the phenome­
nology of these effects has  been known with  a precision th at  fa r exceeds the 
pra ctic al use of the infor mati on.

In addi tion  to these basic  phenomena one hea rs of a few other more exotic 
effects that  are  of techn ical int ere st in connection with  cer tain duels between 
nuclear  weapons. Uncert aint ies about such effects are  sometimes rais ed as an 
issue  in test-b an debates . Among the  effects are  “TR EE ” and “EMP.”

TRE E stan ds for  t rans ien t rad iat ion  effects on ele ctronics. It  is  a n old problem 
th at  has  become relat ively  more imp orta nt as more complex devices have been 
introduce d into nuclea r-weapons systems. It is also mainly of int ere st in connec­
tion with duels in oute r space, wher e the re is nothing to attenuate radiation, 
which ther efor e w ould f ar  ou trea ch other effects such as blast.

EMP stan ds for  elect romagnetic pulse. It refers  to the  fact  th at  a nuc lear  
explosion produces a larg e elect roma gneti c field, which in turn  can induce larg e 
elect ric cur ren ts in conductors  at  sub sta ntial distances.  Such curr ents , if not h­
ing is done about  them, can sometimes  produce des truc tive  effects in insuffi­
cient ly protected equipment.

Some of the  people who work on nu clea r weapons  have  en visioned an att ack in 
which an enemy explodes a serie s of warheads high over U.S. missile fields, p ro­
ducing a  series  of TRE E and EMP phenomena (o r other long-range ef fects)  timed 
in such a way that  the  U.S. could not launch its  missiles while  the bar rag e con­
tinued. ( The t acti c i s known as “pin-down.” )

It  is impossible to believe th at  real  politic al or milita ry lead ers would con­
sider  such an effort in tye face of the  var iety  and disper sion of ret aliato ry weap­
ons th at  could be employed. Even so, the  claim th at  furth er  resea rch was needed 
on thi s matt er  was advan ced in the  ear ly 1960’s as an argu men t aga inst  the  tes t 
ban. (A t the time the argu men t was  large ly conducted  behind the cur tain of 
secrecy th at  surrounds  much mi lita ry ac tiv ity ; public  discussion of the issue  
became possible only la te r. )

All the  more exotic effects were observed before the pa rti al  tes t ban went  into  
effect. They were not as thor ough ly stud ied as the basic  effects, however, and in 
addition  cer tain  new forms  of intera ctio n between these phenomena and specific 
weapons  systems have been found since 1963. At fi rst it was thou ght th at  i t would 
be difficult to learn  more about  the  exotic  effects in unde rgro und explosions, and 
th at  possibility was raised as an argum ent  aga inst  the partial tes t ban. Later  it 
turn ed out that  a good deal can be learned about the  effects from underground 
test ing and  by othe r means. In 1968 Vice-Admiral Lloyd M. Mustin,  dire ctor  of 
the Defense Atomic Supp ort Agency, reported to Congress: “We thin k we have 
the interactio n of thr ea ts with thes e two systems [Minuteman and  Po lar is] well 
understood and identified and very carefully developed and soph isticated  counter ­
measures fa r advan ced.”

In sum, no really  new phenomena produced by the  explosion of nucle ar 
weapons has  been discovered in abo ut 15 years,  and the re is no good reason to 
expect th at  any will be forthcoming. In those yea rs the U.S. has  refined its 
knowledge of the effects of specific system s and in specific environm ental  sit ua ­
tions. Even at  th at  level of deta il we have long since passed the point of dimin­
ishing  return s. The remainin g unc ertain ties are  small compared with the other 
uncer tain ties  about any nuclear  a tt a c k : the  kind, number, yield and accura cy 
of the weapo ns; the tar ge ts sel ect ed; the timing, the rela tion  to oth er attack s 
or to poli tical  moves, and so on. These are  the  unc erta int ies  th at  will domin ate 
the thin king of any sta tesma n who may one day be consid ering the use of 
nuclear weapons. No doubt the re is more to be learned about weapons  effects, 
but  the matt er  is largely of intere st to specia lists, and concern abou t it should 
have  no bear ing on imp orta nt politic al quest ions such as whe ther  or not to ban 
fu rth er  nuc lear  tests.



Pure-f usion  bombs and  bombs with  a high  rati o of fusion to fission (al so  called 
neutron  bombs) were seen in the late 1950’s as offering a number of advantages, 
and the need to develop them was therefo re raised as an argu men t aga ins t a 
tes t ban. Teller,  for example, was reported to have said to a Republ ican com­
mittee  on nuclear testing in 1963: “We have sta rte d the development  of clean 
and cheap nuclear  explosives. We need more tes ts to complete this  development. 
Clean and cheap nuclear explosives are  needed for battlefield use, for  peaceful 
appli cations and for missile defense.” Joh n A. Wheeler of Princ eton University 
was reported  as tellin g the same grou p: “As a physicist and spec ialis t on nuclea r 
fission I see a decisive loss to national  secu rity from a test  ban. It  will preven t 
us from developing a technology of pure  hydrogen devices free of fission fal l­
out. . . . The new technology will have  imp orta nt peacetim e appl icat ions  in 
mining and earth-moving and will revolutionize ground war fare . . . .  It  is un­
conscionable to renounce for the free world a revolutionary  device which others  
will then make with out our knowledge.”

On the  oth er side, William C. Fost er, dire ctor  of the U.S. Arms Control and 
Disarmamen t Agency, said th at  the exp ert advice he had received was th at  pure- 
fusion weapons would not be of gre at advantage. The reason, he said, was tha t 
“they would cons titu te prim arily a cheaper sub stitute for the explosive com­
ponents in our alrea dy large  stockpile of n uclear weapons.”

How did ma tters tur n ou t? The pure-f usion bomb rema ins undeveloped, and 
responsible people no longer talk  much abou t it as being the  basis  of a new 
revolution in weaponry. When officials of the  Depa rtme nt of Defense  and the 
Atomic Energy  Commission present argu men ts for contin ued tes ting now, they 
do not ra te  the  need for fission-free bombs any higher tha n the need for other 
and more orthodo x modifications and improvements.

A pure-fu sion explosion may yet be achieved as a resu lt of all  the effort th at  
has been expended. It  would be a technological accomplishment , b ut the  likelihood 
th at  it would have any large mil itar y or politica l value  seems small. The basic 
fac t is th at  the  nuclea r capa bility  of the majo r nuclear  powers  is already 
sup ers atu rated in the sense th at  it can produce more var ieties of death, dest ruc­
tion and  hor ror  than  anyone can seriously contemplate  seeking to inflict.

It  was also stat ed duri ng the debate preceding the tes t ban of 1963 th at  
furth er  improvement in the yield-to-w eight ratio of nucle ar weapons was in 
prosp ect and th at  certain othe r improve ments and modifications were both possi­
ble and  necessary. Among them were decreased vuln erab ility  to nearb y nuclear 
explosion s and increase d safety of weapons. Sub stan tial  progress has  indeed 
been made along these  lines since 1963. The imp orta nt question , however, i s : 
How im por tant and how relevant  ha s the progress  been ?

The Poseidon missile provides a basis  for discussion. It  is more advance d tha n 
its  p redecessor, the Polaris  A-3, in many ways. It  is bigger, it  can carry a larger  
paylo ad a longer distance  and it  has improved accuracy. Moreover, its  payload  
is of the MIRV type: each missile  launches a “bus,” which has  on board a large  
number of reen try missiles, each of which can be accurately  and independently 
targeted . None of these  advances depended on nuclear  tests .

M. Carl Walske, Jr.,  assis tan t to the  Secre tary of Defense for Atomic Energy, 
recent ly sta ted  th at  the warhead  for the  Poseidon MIRV was developed af ter 
the  limite d test  ban went into effect, and he argued th at  if  the  ban had been 
comprehensive,  nothing like the present Poseidon MIRV could have been devel­
oped. I believe his stateme nt 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 multiplici ty (few er indepen dent miss iles)  
or a  sho rter  range, but it could hav e ha d a  h ighe r to tal  yield.

Presu mabl y the  new Poseidon warh ead has been furth er  modified so as to 
reduce its vulnerability to atte mp ts to inte rcep t it. These  modifications appar­
ently  resul ted in a reduc tion of the  yield-to-weight ratio . In anv case such 
modifications were superfluo us, since the basic multiple-w arhead fea ture is in 
itself  the  most effective means for penetra ting  anti-ballist ic-mi ssile  defenses of 
the  kind that  now exist. It  does so simply by overwhelming the defense with 
lar ger  numbers. The only requ irem ent is th at  the  individual warheads be ha rd­
ened enough and sepa rate d enough so th at  one intercep tor must  be launche d 
for each reen try vehicle. An A-3  warhead on a MIRV bus of the Poseidon type 
would easily sat isfy this requirement.

Defense penetra bili ty beyond what could be achieved in 1963 is needed only 
aga ins t an ABM defense consis ting of very large numbers of relati vely sophisti-
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ca te d in te rc ep to rs . No su ch  de fens e now ex is ts —n or , I be lieve , is  th ere  an y 
se riou s pr os pe ct  of  one  in  th e fo re se ea bl e fu tu re . To  say* th e le as t, de ploy men t 
of  th e pos t-1963  Po se idon  w ar he ad  is  pre m at ur e.

It  is sm al l won de r th a t th e co nc ern ov er  su rp ri se s and new kn ow led ge  per­
si st s.  One ne ed  on ly  re ca ll  th e ea rly year s of  nu cl ea r de ve lopm en t to  real iz e th a t 
su rp ri se s an d new kn ow led ge  ab ou nd ed  a t th a t tim e.  The  phen om en on  o f 
nuc le ar  fiss ion  w as  di sc ov ered  in  1938. The  fi rs t nucl ea r- te st  devic e was  ex plo ded 
on ly sev en years  la te r,  which  was  al so  th e fi rs t (a nd  so  fa r th e on ly ) tim e th a t 
nu cl ea r bom bs were em ploy ed  in  w ar fa re . In  te rm s of  en ergy  ou tp u t thos e 
bomb s were 1,000 tim es  la rg er th an  th e bigg es t ch em ical  bom bs.

Seven  ye ar s la te r th e fi rs t th er m on ucl ea r de vice  was  explo ded. I t w as  1,000 
tim es  as  la rg e in  outp ut of  en ergy  as  th e fi rs t at om ic  bomb s. Bo th of th es e hu ge  
tec hn olog ical  st ep s ca n be chara ct er iz ed  as  br ea kth ro ughs,  an d they  had  m aj or 
pol it ic al  an d m il it ary  consequences . No such  hu ge  ga in s in yie ld  wer e mad e 
th ere aft er,  bu t duri ng th e nex t seven year s fu nda m en ta lly  im port an t fa cto rs  
su ch  as  yi eld- to -w eigh t ra ti o  co nt in ue d to  im prov e ra di ca lly.  Bj’ 1960 th e yie ld- 
to -w eigh t ra ti o  of  fissio n bomb s was  tw o ord er s of  m ag niture  (100 tim es ) la rg er 
th an  it  had  been a t th e be ginn ing.  Me ans al so  had  bee n fo un d fo r bo th redu cing  
th e size  an d in cr ea si ng th e  yield- to -w eigh t ra ti o  of  th er m onucl ea r we ap on s, 
ag ai n by or de r-of -m ag ni tu de  am ou nt s.

As a re su lt  of  such  de ve lopm en ts  man y peop le ca me to  be lieve  po li tica lly sig­
ni fica nt  tech no logica l bre ak th ro ughs ha d becom e th e no rm  fo r nu cl ea r te ch no l­
ogy. One th us finds m an y le ad er s in th e field em ph as iz in g th e lik el ihoo d an d im ­
port an ce  of  fu rt h e r te ch no lo gi ca l su rp ri se s an d arg uin g th a t no bars  sh ou ld  be 
ra is ed  ag ain st  ob ta in in g new kn ow led ge . In  1963, que st io ni ng  th e l im ited -tes t-ba n 
tr ea ty , Jo hn S. Fos te r,  Jr .,  th en  d ir ec to r of  th e Law re nc e R ad ia tion  L ab or at or y 
(h e is now  dir ec to r of  de fe ns e re se ar ch  an d en gi ne er in g in  th e D ep ar tm en t of  
D ef en se ),  sa id : "W e a re  invo lved  in  a field  of tech no logy  th a t is no t fu lly under­
sto od , no r it s ap pl ic at io ns , an d he nce new  ex jier im en ts  fr eq uen tly  br in g su r­
pr is es .” Tel le r sa id  a ba n wo uld “p ro hi bi t fu tu re  sc ienc e” an d w as  “d irec te d 
again st  kn ow led ge .” In  1961 R ep re se nta tive Che t Ho lif iel d, th en  ch ai rm an  of  th e 
Jo in t Co mmitt ee  on Atom ic Ene rg y,  ex pr es se d co nc ern ab ou t “the u lt im ate  ge n­
er al  eff ec t on we ap on s tec hn olog y of  a co nt in ui ng  te st  ba n, ” which  wo uld  “i n ­
ev itab ly  st ifl e de ve lopm en ts un dr ea m ed  of  a t th e  p re se n t tim e. ” He a d d e d : “C on­
ce pt s are  now  be ing  co ns id ered  by our  sc ie nti st s which  could  be as  re vo lu tiona ry  
as  th e Il-bo mb [w as ] in 1949.” G en er al  C urt is  E. Le May, as  Chi ef  o f St af f of  th e 
C.S. A ir Fo rce in 1963, s a id : “We  are  ju s t a t th e be ginn in g of  our in ve st ig at io ns  
in to  t he  n uc lear -w ea po ns  fie ld.”

On th e o th er  side, pr op on en ts  of  a te st  ba n ex pr es se d do ub t ab out th e im po r­
ta nc e of  spe cif ic pote nt ia l b re ak th ro ughs an d saw as  un like ly  th e po ss ib il ity th a t 
an y such  de ve lopm en t wo uld up se t th e ba lanc e of  powe r. W ill iam F ost er  of th e 
d is ar m am en t agency, su pp or ting th e  lim ite d te st  ba n, su gg es ted th a t nu cl ea r sc i­
ence w as  m at ur in g.  “T he  po in t of  dim in is hi ng  re tu rn s in im prov ing weig ht -y iel d 
ra ti os is fa s t ap pr oa ch in g. " he  sa id .

At  th e tim e of  th e de ba te  on th e p a rt ia l te st  ba n th e is su e of  su rp ri se s an d n ew  
know led ge  w as  st il l dif ficult  to  res olve . On th e one han d th ere  w as  th e re co rd  o f a 
re m ar kab le  se ries  of di sc ov er ie s, tech no lo gi ca l ad va nc es  an d pol it ic al ly  sign ifi ­
can t ap pl ic at io ns . On th e o th er han d no fu rt h e r b re ak th ro ughs were th en  in  
sigh t, w ith th e po ss ible ex ce pt ion of  th e pu re -fus io n bom b, an d of  th a t man y ex­
pert s sa id  it  wo uld be te ch no lo gi ca lly  novel  bu t w ithout g re at pol it ic al  or  m il i­
ta ry  sig nif ica nce.

Now , ho wev er , it  see ms  to  me th a t th is  issu e has  been  reso lved . N uc lear  
wea po ns  ha ve  been  fu rt h e r ref ine d, and  th ere  is  g re a te r under st andin g  of  th e 
de ta il s of  cert a in  eff ects,  bu t no new kn ow led ge  or su rp ri se s rem otely si m il ar  
in ki nd  or  im po rt an ce  to  th os e of  th e  fi rs t tw o nucl ea r de ca de s ha ve  been re ­
po rt ed  or  cl aimed . Mo reo ver, th e  nucl ea r ar se nal is  so la rg e an d var ie d  th a t 
th e sign ifi ca nc e of new in ve nt io ns  is  s m al l in  an y case.  Com pa red w ith th e  d an ge r 
of  fu rt h e r p ro li fe ra ti on  of  nuc le ar wea po ns , th e  da nger  th a t th e U.S . will  be 
ov erwhe lm ed  by an  un su sp ec ted bre ak th ro ugh see ms  va ni sh in gl y sm all .

Let  us  tu rn  now to  th e arg um en ts  th a t were mad e in  1963 and earl ie r in  sui>- 
port  of  th e lim ited  te s t ba n. Fiv e pri nci pa l po in ts  w er e mad e and ca n be  se t 
fo rt h  he re  in  quot at io n of  p a rt ic ip an ts : (1 ) “A nu cl ea r te s t ba n tr e a ty  wo uld  
co nst it u te  a sign if ic an t st ep  in  th e  d ir ec tion of sl ac ke ni ng  th e  ar m s ra ce” (D ea n 
R usk ).  (2 ) I t  wo uld  pre se rv e fo r a “lon ger  pe riod  our pre se n t nucl ea r advan­
ta ge ” (W il li am  F o st e r) . (3 ) “T he  tr e a ty  w ill  cu rb  th e po llution of  th e  atm os -
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pher e” (Pres ide nt Kennedy). (4 ) It  would cre ate  a polit ical climate in which 
“new opp ortunitie s for fur the r steps tow ard turn ing  the arm s race downw ard 
might well be more within  the  realm of possi bility  than  at  pre sen t” (R us k) . 
(5 ) “A nuclear tes t ban would con stitute  a signific ant first  step  in achieving 
control over the furth er  sprea d of nuclear  weai>ons” (F os te r) .

Each of the state men ts also amou nted to a prediction. Let us see how the 
predict ions sta nd up in 1972. The limited tes t ban probably  did slow down the 
arm s race between the  U.S. and the U.S.S.R., but it cann ot be considered to 
have  been outs tandingly  successful in th is respect. It  probably  has  severely 
limited the fu rth er  development  of very larg e therm onuc lear weapons, but the 
ra te  of nuclear  test ing has  continued at  abou t the same level—althou gh the 
tes ts are  now underground.

Similarl y, the  tre aty  does not appear to have done much to preserve  the “nu­
clea r adv ant age ” of  the U.S. Since the  tre aty  was signed, the U.S.S.R. has 
achieved rough par ity  with the  U.S. in stra tegic weapons. In any event, the  de­
gree of “overk ill” in the nuclear  capabil ity of both coun tries  is such th at  fur­
the r technological advances would make lit tle  political or mil itar y difference.

The tre aty  has been quite effective in curbing radio activ e pollutio n of the at ­
mosphere. Although France and China have continued to conduct nuclear  test s in 
the atmosphere , the tests  are  fa r less freq uen t than  was the case when the U.S. 
and the U.S.S.R. were conductin g them. Moreover, w ithout the tre aty the re would 
be no hope of persuading  those nations  and othe r potential  nuclear powers to 
accept sim ilar  res trai nts . Meanwhile, in the absence of a comprehen sive tes t ban 
such haz ards as underground conta minat ion, eart hquakes and leakage of radi o­
activ e substances  into the atmosphere  remain possible.

The record of the tre aty  in crea ting  an environment  that  made fu rth er  moves 
tow ard arm s control  possible is excellent. The tre aty  has been followed by agree­
ments to proh ibit nucle ar weapons in space (1 96 7) , make Latin America a non­
nucle ar zone (1 96 7) , bar  furth er  prol ifer atio n of nuclear weapons  (1 96 8) , rule 
out the seabed for the emplacement of nucle ar weapons (19 71 ) and  proh ibit the 
use of biological weapons (197 2) . One might also cite the  “hot line” agreements  
of 1963 and 1971 and the  recent strategic-arm s-lim itatio n talks (SA LT ) tha t 
resulted in agreement by the U.S. and the U.S.S.R. to put ceilings on the ir offen­
sive and defensiv e missiles.

One should also recognize, however, that  many of the  tre ati es are  periph eral 
to the main problem and in effect proh ibit actions th at  no natio n par ticu larl y 
wanted to und erta ke anyway . The Bri tish  disarmamen t exp ert Phil ip J. Noel- 
Bake r, reviewing the results  of the 1959 tre aty  that  demilitar ized  Antar ctica , 
commented th at  “while disarming  Ant arct ica,  we put  7,000 nuclear  weapons in 
Europe; we should have disarmed Euro pe and put those weapons in Antarct ica.” 
Nonetheless , all the agree ments  are  steps  in the righ t direction, and  collectively 
they add up to something significant . Moreover, they help to make arms-c ontrol 
and disarm ame nt measures seem more feasible.

Proba bly the most im por tant r esu lt of th e limited tes t ban h as been i ts contribu ­
tion to inhibiting the fu rth er  pro life ration of nuclear weapons. Since the  tre aty  
was signed, only China has  begun tes ting  weapons, and the Chinese program  to 
develop nuclear  weapons had been set in motion long before 1963. The cause was 
greatly  aided  by the non prol ifera tion  treaty , which now h as some 70 signa tories 
in addi tion to the origin al adh erents  (th e U.S., the  United Kingdom and the 
U.S.S .R.).  It  also seems evident th at  the  tre aty  has  detered nonsigners from 
testing .

Indeed, the most imp ortant  reaso n for moving now toward a comprehensive 
ban on testi ng nucle ar weapons is th at  it would stren gthe n and reinforce the non­
prol ifer atio n trea ty. The present situ atio n conta ins elements of hypocrisy and 
unfa irne ss, since the two major nuc lear powers are  trying  to pers uade othe r na ­
tion s th at  nuclear weapons are  unne cessa ry while at  the same time both are  con­
ducting test programs.

To sum up, a decade of hindsig ht on the debates precedi ng the limited -test- 
ban tre aty  of 1963 sugges ts the following  main conc lusio ns:

1. The predic tions of maj or sur prises  and ominous developments were wrong. 
The re has been no “thi rd revol ution ” in nucle ar weapons. The atmos pheric  test s 
before 1963 and the unde rgrou nd test s since then  have not produced a solution 
to the problem of developing an ABM system th at  would be likely  to have more 
tha n limi ted success.

2. On the  other hand, the passa ge of time has  confirmed the  more moderate 
claims th at  there was sub sta ntial progress to be made in improving the yield-
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to -w ei gh t ra ti o,  h ar den in g w ea po ns  ag ain st  in te rc ep ti on,  m ak in g b ett er fit s 
to  ne w de liv er y sy st em s an d so on.  Th e qu es tion s to he as ke d,  ho w ev er , a re  ho w 
pr og re ss  in  th es e a re a s h as  af fe ct ed  th e nu cl ea r ba la nc e an d w het her  su ch  te c h ­
ni ca l pr og re ss  is po li tica lly si gn ifi ca nt . Th e an sw er s see m to be th a t,  if  a n y ­
th in g,  co nt in ue d te st in g  has  fu rt h e r de gr ad ed  w h at ev er  nucl ea r ad van ta ge th e 
U.S . st il l ha d in 19 63  an d th a t th e po li tica l si gn ifi ca nc e of  nu cl ea r we ap on s is 
de ri ve d from  th e hu ge  nu m be rs  of  su ch  w ea po ns  ra th e r th an  fr om  th e ir  te ch ni ca l 
so ph is tica tion .

3.  T he  li m ited  te s t ba n has  n o t do ne  mu ch  to  slo w th e m ai n ar m s ra ce  be ­
tw ee n th e tw o su pe rp ow er s.  T he  re as on  is th e li m ited  n atu re  of  th e ag re em en t. A 
co m pr eh en si ve  ba n in  19 63  pr ob ab ly  wo uld  ha ve  do ne  mu ch  mo re.

4. On th e o th er ha nd , th e li m it ed  ba n h a s ac co m pl ish ed  se ve ra l of  th e mo st im ­
p o rt a n t ob je ct iv es  th a t w er e se t fo r it . In  as ce nd in g or der  o f im po rt an ce  th ey  
are  cl ea ne r a ir , th e es ta bl is hm en t of  a po lit ic al  cl im at e co nd uc iv e to  mu ch  a d ­
di ti ona l pr og re ss  in arm s co nt ro l an d d is ar m am en t an d th e  d is ti n c t slo wi ng  o f th e 
sp re ad  of  nu cl ea r we ap on s.

On ba la nc e,  th er ef ore , th e  li m it ed  te s t ba n ca n be  de sc rib ed  as  a  su cc ess . C le ar - 
* l.v, ho wev er , it  ne ed s to  be ex te nd ed  to pr ohi bit  un de rg ou nd  te st in g. A co m­

pr eh en si ve  tr e a ty  m ay  no w be w it h in  g r a s p ; we  m us t re ac h fo r it  w hi le we ca n.

Corn ell  U nive rs ity ,
P rogram on Scie nc e, T echnolog y and  Soc iety,

% It h a c a , N.Y ., M ar ch  2 ,1 9 7 8 .
Sen at or  E dward M. K en ne dy ,
S en at e Office B ui ld in g,
W as hi ng to n,  D.C.

D ear Senato r Ken ne dy  : I st ro ngl y  su ppo rt  y our F eb ru ary  2 0  re so lu tio n 
w hi ch  ca lls on  P re si d en t Ni xo n to  pr op os e to  th e U .S .S .R . an  im m ed ia te  su sp en ­
sio n of  un de rg ro un d te st in g  an d w hi ch  ur ge s th e P re si d en t to  pre se n t a ne w 
pr op os al  fo r th e co nc lu sio n of  a co m pr eh en si ve  N uc le ar  T es t R an  T re at y . Th e 
se cu ri ng  of  a co m pr eh en sive  te st  ba n tr e a ty  wo uld  be  a st ro ng  add it io nal  st ep  
in  cu rb in g th e arm s ra ce . I t wo uld  es ta bli sh  th e U.S . an d th e U .S .S .R . as  le ad er s 
in  an  a tt e m p t to  slo w do wn  th e de ve lo pm en t of  nu cl ea r w ea po ns . I t wo uld  ai d 
in wi de  ac ce pt an ce  of  th e  nuc le ar  non -p ro li fe ra ti on  tr e a ty . F in al ly , an d no t tr iv ­
ia lly,  it  w ou ld  sa ve  a  goo d de al  of  m on ey .

My pe rs on al  ju dg m en t is  th a t th er e is  c on si de ra bl e se nti m en t w it h in  t h e  U .S. S. R.  
fo r a  te st  ba n tr e a ty  so th a t a po si tive  U.S . in it ia ti v e  w ou ld  ha ve  a re al  ch an ce  
of  br in gi ng  fo rt h  a po si tive  re sp on se  from  th e U .S .S .R . I de ep ly  ho pe  yo ur  
re so lu tion  re ce iv es  fa vo ra bl e Sen at e re sp on se  an d st im u la te s th e P re si d en t in to  
ac tio n.

Si nc er el y yo ur s,
F . A. Long.

SA NE ,
A Cit iz en s’ Orga niz ati on  F or a San e W orld,

W as hi ng to n,  D.C.,  M ar ch  2 9 ,1 9 7 3 .
S en at or  E dward M. Ken ne dy ,
Old Sen at e Office Bui ld in g,
W as hi ng to n,  D.C .
(A tt en ti o n  of  M ar k S ch n ei d er ).

D ear Senat or K enn edy  : I am  w ri ti n g  to  ex pr es s th e fu ll su p p o rt  of  SA NE  fo r
S. Re s. 67 . As  you  we ll kn ow , ou r or gan iz at io n  w as  es ta bl is he d in  19 57  to  see k 
a co m pl ete  en d to  nu cl ea r te st in g  in al l en vi ro nm en ts . T he  Lim ited  T es t B an  of 
19 63  w as  a  lon g st ep  in th e ri g h t dir ec ti on , b u t th e go al w as  no t fu lly  ac hi ev ed . 
As  a co nc ess ion  to  th e w ea po ns  de ve lo pe rs  (p erh ap s in bo th c o u n tr ie s) , un de r- 

5 gr ou nd  te st s w er e ex clu de d fr om  t h a t tr e a ty .
I t  is lo ng  p a st  tim e to  co ns um m at e a co m pr eh en sive  nu cl ea r te s t ba n.  As of  

m id -1 97 2,  th e  U ni te d S ta te s ha d de pl oy ed  5, 90 0 st ra te g ic  nu cl ea r w ar h ea d s,  th e 
So vi et Un io n, 2, 20 0 ( “P ea ce , N at io na l Sec ur ity,  an d th e  SA LT  A gr ee m en ts ,’’ 
B ure au  of  Pub lic Affa irs , U. S. D ep ar tm en t of  S ta te , A ug us t 1,  1 9 7 2 ).

Si nc e ea ch  of  th es e w arh ea d s ca n des tr oy  a ci ty , we  no w ha ve  th e  po w er  to 
de st ro y th e  21 9  m aj o r So vi et ci ti es  13  tim es  ov er , if  on ly h a lf  th e w ar h ea d s 
re ac h th e ir  ta rg e ts  in ca se  of  w ar .

M or eo ve r, th e sa m e S ta te  D ep ar tm en t do cu m en t in fo rm s us  th a t,  by 19 77 , th e 
U ni te d S ta te s will  ha ve  9 ,8 0 0  st ra te g ic  n u cle a r w ea po ns  an d  th e So vi et  Un io n will



have almost 4,000—under  the terms o f the SALT Agree men t! By then we will he 
able to destroy the major  Soviet citie s 22 times over, if only half the warheads 
reach the ir target.

From a ny point of view, th is is insan ity.
We look forw ard to working with  you on behal f of S. Res. 67.

Sincerely,
Sanford Gottlieb, 

Executi ve Director.

[News Release ]

Bureau of Public Affa irs ,
Department of State,

Office of Media Service,
August 1,1912.

P eace, National Security, and the  SA LT Agreements

Since World War II,  the United Stat es and the Soviet Union combined have 
produced nearl y $20 trillion in gross natio nal produ ct—approxi mately $15 
trilli on in the United Sta tes and more than $4 trilli on in the Soviet Union. Of 
this amount , more than $2 trill ion  has been spent on defense (app roximately 
$1.3 tril lion  by the United States, and an estim ated $1 trill ion by the Soviet 
Union ).

If the  two societies continue  to grow’ ns projected to the end of the  century , 
and if both continue to spend the same proportion  of GNP on defense, the tw’o 
countries together,  by the  year  2,000 A.D., could spend ano ther $5 trilli on or 
more to main tain nationa l security.

In both countr ies there are othe r pressing needs for capi tal, and both coun­
trie s have long recognized a mutual advantage  in first stabil izing  the  level of 
spending  and ultimately  moving to the stage where both coun tries  can safely 
scale i t down.

When President Nixon and General  Secre tary Brezhnev signed the SALT 
agreements  in Moscow’, May 26, 1972, the first stage  was completed. Agreement 
w’as reached to limit ABMs to very low’ levels, including  a commitment not to 
build a nationw ide ABM defense or the base for such a defense. Both sides 
thu s forego a defense against reta liat ion, and, in effect, have agreed to main­
tain  mutual deterrence.

Agreement was also reached to stabiliz e the level of stra tegic offensive mis­
siles for five years, giving both sides an oppor tunity  to proceed to the  second stage 
of negot iations  in which furth er  limi tations and controls will be pursued.

The freeze on stra tegi c offensive missiles leaves the Soviet Union with  more 
missile launche rs and the United  States with more warheads and bombers. 
(See  Missile Balance  Sheet below.) A great many fact ors  were balanced  off on 
both sides, but the  most importa nt consid eration —probably the  facto r th at  made 
the Inte rim Agreement feasible—is  the recognition (given concrete form in the 
ABM Tr eaty)  tha t with any conceivable or cur ren t or fut ure  deployment of nu­
clea r weapons, nei ther  side can expect to atta ck the othe r witho ut receiving a 
reta lia tor y stri ke th at  w’ould destro y the att acke r as a modern natio n-sta te. Out 
of this  fact  grows the assu ranc e of  nation al secur ity for both sides. This, in turn , 
now makes it possible to negotiate addit ional  mut ual limi tations—hopefully  in­
cluding redu ctions of forces on both sides.

However, if the United States were to make unilat era lly a subs tant ial reduc­
tion in strategic  stren gth, the other side might lose incentive to continue at the 
barg ainin g table. Similarly , if eith er side were somehow able to make a sub­
sta nti al jump in its stra tegi c forces, w’e can only ant icip ate  that  the other side 
would u nder take  to redress th e balance.

Pres iden t Nixon said in his Foreign  Policy Repo rt of Feb ruary 1971 th at  any 
Soviet atte mpt to obtain a larg e advantage  “would spark an arms  race which 
would, in the end. prove pointle ss.” The Pres ident added th at  “both sides would 
almost surely commit the  neces sary resources  to maintai n a balance .”

The Inter im Agreement lim its for up to five years  the numbers of interco n­
tinen tal ballis tic missiles (IC BM ). and submarine-launched ballis tic missiles 
(SLB M) for the Soviet Union and the United States.  Some might argue  that  the 
Soviet Union gained an advanta ge because it is permitted  larg er tota l numbers 
of ICBM launchers, SLBM launchers, and modern ball istic  missile submarines.



However, it  is also argu ed th at  the  United  Sta tes  gained  an adv antage  because 
no cu rre nt U.S. offensive arm s prog ram is limit ed whereas lim itat ion s are  placed 
the thr ee  most activ e Soviet progra ms. Furthe rmore , although the  Soviet Union 
will have  more missi le laun cher s, the  United Sta tes  has  a consi derab le lead in 
numbers of war heads and inte rco ntin ental bombers, and  in quali tat ive  fac tor s— 
including weapon depe ndab ility  and general weapons soph istic atio n—which are  
not limi ted by the  ag reeme nts.

The cen tral  fac t is th at  both sides  find adv anta ges  in the limitat ions. We have 
reached levels wher e nei the r side can st ar t a nuc lear  wa r withou t trig ger ing  i ts 
own dest ructi on. Ther e are  simply  too many laun cher s, too many  warhe ads  th at  
would survive a sur prise atta ck.

More imp ortantly , both sides can benefit enormously from add itio nal  str ate gic  
arm s limitations.  An imp ort ant  process  has, however, been sta rted. Both the  
Unite d Sta tes and the  USSR are investing  in thi s process, and we expect will 
wan t to preserve the inve stme nt and build  upon it. It  is not a quest ion of “win ­
ning ” o r “losing” . Both sides—and the  world—ga in from what has  been achieved  
withou t compromising  the  basic sec urit y intere sts  of any nation .

ECONOMICS

The long-rang e effect of the  arm s race  on the economics of the  Unite d Sta tes  
and the  Soviet Union is difficult to gauge precisely,  but  it  is obviously enormous. 
The United Sta tes is cur ren tly  spend ing abou t e ight  p erce nt of GNP on defense— 
appr oximat ely .$80 bi llion in FY 1972. The Soviet Union is spending in the  rang e 
of 11- 14 percent of GNP—some $45 -60  billion in 1972, depend ing on the  method 
of eval uat ing  the cost. As noted above, if both countries were to conti nue to spend 
at  these  levels of GNP to the  end of the  c entu ry, the  aggr egate defen se costs for 
the Unite d Sta tes and the  Soviet Union combined migh t tot al more tha n $5 
trillio n.

Both countrie s find defense spend ing a sub sta ntial burde n on the economy, 
but the effect probably  is more serio us in the  Soviet Union, because  the  high 
level of defense spendin g is believed to reduc e sub stantially the ava ilab le growth 
cap ital  badly needed fo r expan sion of the Soviet economy.

Effor ts to compare the  Soviet defense burden with  th at  of the United States 
are  difficult because nei the r the costs nor the  distr ibu tion of GNP in  the  two  coun ­
trie s are  comparable. Wh at is clea r is th at  given the  economic resou rces of the 
Soviet Union and its rela tively lower level of economic development, the  ar ms  rac e 
places a comparat ively  gre ate r burd en upon the Soviet economy t han  on the  U.S. 
economy. Therefore, in economic term s the  Soviet Union has  even greater  reason  
tha n the United Sta tes to develop meaningful  weapons cont rols thro ugh  
negot iation.

The  SALT agree ment s are an imp ort ant  step tow ard achie veme nt of the  kinds 
of controls th at  over time  can sub sta ntially reduce expend itur es on both sides, 
althou gh the  goal has not been reache d in the ini tia l stage. The agre ements signed 
in Moscow do, however, provid e the  foun datio n for  negotiat ions  which will, 
hopefully, lead to imp orta nt cuts in the  level of defense spend ing on both sides.

Both the United States and  the USSR could well contin ue to spend at  a ppr oxi ­
mately  curre nt levels while negotiat ing add itional limitat ions, with  the  funds 
devoted chiefly to  q ual ita tive improvem ents. One of o ur goals will be to avoid  this.

MISSILE BALANCE SHEET

ICBM launchers: Cu rre nt stre ngth : U.S. 1, 054; USSR 1,618. The Unite d Sta tes  
has  no new ICBM cons truct ion program un de rw ay ; the  Soviet Union has  been 
building new ICBMs. Withou t the agreement , if recen t cons truct ion rat es  were 
continu ed for  five years, the  United  Sta tes  would still have 1.054 ICBMs and  the 
Soviet Union, which has  been building at  a ra te  of up to 250 a year, could have 
more tha n 2,800 land-based ICBMs. Und er SALT both sides  are  frozen  a t curre nt 
levels.

SLBM lau nc he rs: The United Sta tes  cur ren tly  has  656 Polaris  and Poseidon 
missile la un ch er s; the Soviet Union has approximately 650 -70 0 SLBM’s. The 
United  Sta tes has  no missile subm arines und er const ruc tio n; the Soviet Union 
has an on-going program of some ei ght new subm arines a year. Without SALT, in 
five years the  United  Sta tes missil e-lau nchin g subm arines would not have  in-



creased, while the  Soviet total could hav e risen  to 80 or 90. With SALT, the  
United  States has  the righ t to increa se to up to 44 submarines. The Soviet Union 
may add modern  balli stic missile subm arine s up to the numb er of 62 oper ation al, 
but only provide d that  they ret ire  209 older land-based missiles and  30 older 
SLBM launc hers. This  would leave the USSR with no more tha n 950  modern 
SLBM launch ers.

Total ICBMs and SLBMs consis tent with  the  term s of the  agree me nt: United 
State s, 1,170; USSR, 2,419. War head s: The  difference in numbers of missiles is 
offset by the  kind s of warheads they can carry. Curre ntly,  with  the  new MIRV 
warheads, the  U.S. stra tegi c missiles and  heavy bombers car ry 5,900  nucle ar 
wa rh ea ds ; the  Soviet missiles and  heavy bombers carr y an estim ated  2,200  war­
heads. The Int erim Agreement sets no limit  on the number  of warheads for eith er 
side, and both of these  figures could rise sub stan tial ly in five years. The implica­
tion of the  w arh ead  figures are  enormous. They mean th at  cu rren tly, in the  event 
of  a surpris e nuclear attack, if half of the U.S. strateg ic capab ility was wiped out, 
the  United Sta tes  could still  stri ke more tha n 2,500 separa te tar get s in the Soviet 
Union. This  reinforces the recognition  on both sides th at  ther e can be no winner 
in a nucle ar war. The U.S. expects  to co ntinu e to  hold a s ubs tantial  warhead lead 
duri ng the Interim  Agreement, sufficient to more than compensate  f or the num eri­
cal edge th e Soviet Union has in missile launc hers.  The numbe r of U.S. independ­
ently targ eta ble  warheads is plann ed nearly to double in the next five years, and 
will rema in fa r ahead of the  Soviet to tal.

Meg aton nag e: The agreement does not lim it megatonnage as such. Both sides 
are  free  to make warh eads  as large  or as small as they wish. On the  average, 
Soviet Missile warh eads  are  larg er tha n U.S. warheads. It  should be noted, how­
ever, th at  the  rad ius  of damag e does n ot incre ase propora tionate to the  increa se 
in yield. If  the explosive power is doubled, the rad ius  of damage increases by 
approxim ately  one-third. Moreover, accuracy is more imp orta nt tha n yield.

Business Executives Move,
March  6, 1973.

Re Comprehensive Test  Ban Resolu tion S.R. 67 
Sena tor Edward M. Kennedy,
Sena te Office Building,
Washington, D.C.

Dear Senator Kennedy : On beh alf of BEM I am wri ting in supp ort of 
S.R. 67.

The gre ate st dangers of o ur coun try are  from with in ra ther  t han from  without . 
Money should be spent for domestic priorit ies ra th er  tha n for  the building of 
incre asing ly sophis ticated  weapons. Otherwise the un res t in our  own popula tion 
may lead  to suppression of freedom s and opportun ities  which are the best pa rt 
of the American heritage.

It  is fut ile  and wasteful to develop w eapons of more terr ible  des truc tive  power 
when the  weapons we have are  so powerful th at  th reats to use them, eith er 
expressed or implied, have lost  much of th eir  credib ility.

BEM is not a pacifist group but  wre are  opposed to the mil itar iza tion of our 
society and to spending for  weapons which tend to desta bilize the  inte rna tion al 
situatio n.

We hope you will be successful in gett ing the Senat e to vote in fav or of S.R. 67. 
Sincerely,

Henry E. Niles,
Chairma n.

World Federalists, USA, 
Washington, D.C., March 12, 1913.

Sen ator  Edward M. Kennedy,
Old Senate Office Building,
Washin gton, D.C.

Dear Senator Kennedy : I am wri ting  to commend you f or introducing S. Res. 
67, calli ng on the Pre side nt to promo te negot iations for a comprehensive tes t 
ban trea ty.

Our  organ izati on would like to go on record as endorsing the philosophy em­
bodied in this  resolu tion and would like to be of every assi stan ce possible in 
expediting its passage. Pleas e let  us know how and wh at we can do to help. 

Sincerely,
Luther H. Evans, Presi dent ,

( Dic tate d by Dr. E van s but signed in his ab sence .)
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Society for Social Responsibility in  Science,
March 8, 1978.

Hon. Edward M. Kennedy,
U.S. Senate,
Washington, D.C.

Dear Senator Kennedy : We are  hea rtil y in fav or of SR 67 and strongly 
supp ort your effort to see th at  i t is  passed.

Sincerely,
J. Malvern Benj am in, Jr. ,

Vice-President.

Church of the  Brethren,
Elgin, III., Apri l 19 ,19 73.

Hon. Edward M. Kennedy,
U.S. Senate,
Washington., D.C.

Dear Senator Kennedy : Since t he adve nt of a tomic  weapons the  Church of the 
Bre thr en has  spoken through its Annual Conference regarding its  concern for 

l the  aband onme nt of the tes ting of nuc lear  weapons. We have  recognized the  in­
her ent  dang er of these  weapons, not only in the ir dest ruct ive poten tial, but  
real ize th at  they also  cause  a th re at  to mankind because of the ir abil ity to con­
tam ina te thi s planet on which we live and the ai r which we breat he. Ther efore , 
through the Annual Conference we have called  “upon the  Governm ent of the 

< Unite d Sta tes to tak e the  lead  in perm anen t aban donm ent of such tes ts.” My
denom ination thro ugh out  its  hist ory  has counselled its members not to pa rti ci­
pat e in the mi lita ry and to renounce the  way of violence per petu ated  by th e mili ­
tar y way of life and an obsession for  mil itar y solutions  to seemingly every inter­
nat ion al conflict. Again and aga in the  church  has  spoken thro ugh its Annual 
Conference rega rdin g disa rma men t, nuclear test ing,  the terror  of modern weap­
ons an d othe r r elat ed issues.

Ther efore , we are encouraged th at  a Sena te Resolution has been introd uced 
callin g for an imme diate  suspension of underground  nuclear  tes ting and urgin g 
the Pre sid ent  to set for th a new proposal to the  USSR and othe r nat ion s for a 
perm anent tre aty  to ban all nuclear  tests . At thi s point  we want to registe r our 
supp ort for this resolu tion, wish you well in thi s effort, and requ est your sug­
gestions and guidance as to how we can be of fu rth er  ass ista nce  as thi s ma tte r 
is dea lt with in the two Houses of Congress.

Sincerely,
H. Lamar Gibble,

Peace and  Inte rnati on al Affair s C onsul tant.

Board of Missions of The United Methodist Church ,
Women’s Division, 

Washington, D.C., April 8,19 78.
Hon. Edward M. Kennedy,
U.S. Senate,
Washington, D.C.

Dear Senator Kennedy : The Women’s Division, Board of Global Minis tries, 
United Methodist Church hea rtil y endorses and strongly urges  passa ge of S. Res. 

U 67 in fav or of a comprehen sive tes t ban. Your speech and the following  colloquy
between you and Senator  Humphrey  as recorded  in the Congressional Record 
of Feb. 20, 1973 outlin ed very well the need for a comprehensive  tes t ban.

* There are  many values in a CT B: the  signif icant slow down in the arm s race.
the psychological effect on othe r countri es to stop the development of nucle ar 

5  weapons, a hopefully dimi nishi ng dan ger  of a nuc lear  holocaust. The problem of
verification and the argument th at  pote ntia l new scientific adva nces  would be 
inhi bited by a testi ng ban have been effectively shown to be of lit tle  import.

It  is very imp orta nt th at  a compreh ensive tes t ban be ini tiated.  Passage of 
S. Res. 67 provides an impetus to th is quest  for peace.

Sincerely,
J oyce Hamlin ,

Sec reta ry for  Leg islat ive Affairs.



United Presbyterian Washington Office,
Washington, D.C., April 3, 1973.

Hon. E dward M. Kennedy,
U.S. Senate,
W ashington, D.C.

Dear Senator Kennedy: The General Assembly of the United  Presby teri an 
Church in 1971 urged “renewed and rea list ic efforts to negotiate  a comprehen sive 
nucle ar weapons tes t ban, and fu rth er urges th at  consideration also be given to 
the cessa tion of peaceful nuclear  explosions as we ll; unless it can be shown to a 
responsible  intern atio nal  group that  their  benefits clearly outweigh the ir poten- 
tia l ecological risk s and th at  opportun ities  for furth er weapons tes ting under 
the  guise of peaceful explosions can  be forec losed.”

We therefo re believe your Senat e Resolu tion 67 calling on the Pre sident  to de­
clar e a mora toriu m on underground nuclear  test ing and to negotia te with  the 
U.S.S.R. a tre aty  to stop undergrou nd testing,  to be an imp orta nt step toward 
the achievement of the comprehen sive tes t ban which our General Assembly 
supports.

We commend you for the introduction  of this  Resolutio n and endor se it whole­
hear tedly  with  the hope th at  the Sena te and House will si>eedily approve it.

War mest person al regards.
Sincerely,

J osiah Beeman,
Directo r.

The Network Staff, 
Washington,  D.C., April 12, 1973.

Sena tor Edward K ennedy,
Senat e Office Building,
Washington, D.C.

Dear Senator Kennedy : It  is in line  with  the goals of NETWORK, a national  
task force  of religious women w orkin g for  social justic e, to endorse your call for 
a comprehen sive ban on nu clear test s. We ful ly suppo rt Senat e Resolution 67 and 
urge its passage and rapi d impleme ntation.

When we negotia ted the par tia l tes t ban in 1963 ther e was good reason for 
hesi tation in including  under ground test s in the ban since app rop ria te means to 
insu re compliance were not availa ble. Th at is not the  case at  pres ent since the 
SALT accords of 1972 have estab lishe d precede nts for arms contro l verification 
proced ures and the technology to implem ent these is fully ade qua te to the task.

The pres ent inte rna tion al clima te of cooperation is one th at  should be fu r­
ther ed in every possible way and a comprehensive tes t ban is an excellent step 
in t ha t directio n.

Moreover, both the  U.S. and the  U.S.S.R. have many domestic needs th at  
would profit from the release  of valuable resource s now spen t in the  nucle ar 
arms race. We can not afford to neglect them any longer in an  irrati on al preoc­
cupation with  building  newer  and bet ter  weapons of dest ruction  th at  are  clearly  
unnecessary.

We, therefore, are  in full accord 1. with the call for  an imme diate  suspension 
on our  pa rt of underground nuclear  test ing  to rema in in effect as long as the 
Soviet Union abst ains  from unde rgrou nd testi ng and 2. promp t action  to set 
forth new proposals  to the  U.S.S.R. and other nations  for a perm anent tre aty  to 
ban all nuclear tests.

Sincerely yours,
Sister Margaret Hohman , S.C.N.,

Network Staff.

Board of Christia n Education,
Richmond, Va., March  27, 1973.

Hon. Edward M. Kennedy,
U.S. Senate,
Washington, D.C.

Dear Senator Kennedy : I am wri ting to  express suppo rt f or  Senate  Resolution 
67 calli ng on the Pre sident  to prom ote nego tiatio ns for a comprehen sive tes t ban 
trea ty.

The 109th  General Assembly of the  Pre sby teri an Church in the  United  States, 
the  highe st judi cato ry of our denom ination , adopte d a resolution  at  its meeting 
in 1969 in which it expressed  “app recia tion  of our government’s ratif icat ion of



the nuclear non-proliferation treaty , ur ge (d)  strong citizen support of the treaty, 
and cal l(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.

J oint Washington Office for Social Concern,
Washington, D.C., March 29, 1973.

Hon. Edward M. Kennedy,
Old Senate Office Building,
Washington, D.C.

Dear Senator Kennedy: We a re delighted tha t 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 S. Res. 67 and 
clean up the unfinished business which began with the part ial 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 radiatio n hazards. I am enclosing a copy of our 
March newsletter in which you will note tha t one of our prioriti es this year is 
the comprehensive nuclear test ban.

Sincerely yours,
Robert E. Jones, 

Executive Director.

United Church of Christ,
Council for Christian Social Action,

Washington, D.C., March 5, 1973.
Hon. Edward M. Kennedy,
U.S. Senate, Senate Office 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 tha t 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 h as shown tha t the ir fears  were 
not justified. The ceasing of atmospheric testing reduced the tremendous hazard  
for deadly pollution and also was an indication of goodwill and the possibility 
of agreement to limit arms. The 1963 trea ty 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 anothe r trea ty completing the ban on nuclear 
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 tha t underground tests 
would go undetected is not justified in 1973.

With the arguments against nuclear bans thus diminished and the desirability  
of fur ther progress in interna tional friendship enhanced, we believe i t is timely 
for the  Senate to pass this resolution.

Sincerely yours,
Tilford E. Dudley, 

Director, Washington Office.



McMurry College, 
Abilene, Tex., March 12, 1973.

Mr. Mark Schneider,
U.S. Senate,
Washington, D.C.
(At tention  of Sena tor Kennedy.)

Dear Mr. Schneider: On March 12, 1973, the  Congress of the Stu den t Associa­
tion  of McMurry College unan imously approved and endorse d the proposal for a 
Comprehensive  Nuclear Test Ban.

If  we may be of furth er assi stan ce in thi s matter , please contact  us. 
Sincerely yours,

Gary P. Patton, Pres iden t.

National Women’s Conference of the  American Ethical Union,
New York, N.Y., Fe bru ary  15, 1973.

Mr. Mark Schneider,
U.S. Senate,
Washington, D.C.
(At ten tion of Sena tor Edw ard M. Kennedy.)

Dear Mr. Schneider: The National Women’s Conference of the  American
Ethic al Union endorse s the Comprehensive Nuclea r Test  Ban Resolu tion and 
supp orts  the effort to secure supp ort from the Soviet Union and oth er natio ns 
for  a perm anen t t rea ty to ban  all  nuclear tests .

We are pleased that  some of our Sena tors have co-sponsored such a Resolu­
tion and will do all we can to encoura ge suppo rt for it.

We feel th at  it ’s most imp orta nt at  thi s time to begin to reduce  the amou nts 
of money budgeted and used for mi lita ry purpos es and that  it is imp orta nt to 
prote ct our environ ment from the dang ers of nuclea r testin g.

Sincerel y yours,
Rose L. Walker,

(Mrs.  Harold L.) 
N.W.C. Rep. to U.N.

American E thical  Union,
New York, N.Y., Fe brua ry  15, 1973 .

Mr. Mark Schneider,
(At ten tion of Senator E dward  M. K enn edy ).
U.S. Sen ate, Washington, D.C.

Dear Sir : The American Eth ical Union strongly endorses the  Comprehensive 
Nucle ar Tes t Ban Resolut ion and we urge  th at  you use your effor ts to secure 
stron g su ppo rt f or t his  re solution.

We feel it is-im por tant  th at  the Unite d Sta tes follow thro ugh  in its  commit­
ment in previous tre aties (P ar tial  Test  Ban—’63 and Non-Proliferation —’68 ) 
to nego tiate  a comprehen sive test  ban tre aty and th at  it propose to the  Soviet 
Union tha t i t too help sec ure a  tr ea ty to ban all  nuc lear  tests.

Sincerel y yours,
May H. Weis .

Christian  Church , 
Indi anapoli s, Ind.,  March 5,19 73.

Senator  E dward M. Kennedy,
Senate Office Building,
Washington, D.C.

Dear Senator Kennedy : I have noted with  intere st th at  you have  introd uced 
Senate Resolutio n 67 in suppo rt of a comprehen sive tes t ban treaty . It  is indeed 
hea rten ing  to know th at  this  ma jor concern of all mankind is receiving such 
serio us atten tion . The  Chr istian Churc hes (Disc iples  of Ch ris t) have over the  
years specifically suppo rted a ban on nuclear testin g. Resolution s passed by our 
Assembly in 1959 and 1971 and reaffirmed since then supp ort thi s objective.



Therefore, it is my hope that you will be successful in bringing Senate Resolution 
G7 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. F angmeier, 

Director, Inte rnati onal  Affairs.

Religious Action Center,
Union of American Hebrew Congregations,

Washington, D.C., March 8, 1973.Hon. Edward M. Kennedy,
U.S. Senate,
Washington, D.C.

(Atten tion : Mr. Mark Schneider).
Dear Senator Kennedy : We strongly endorse and support the Comprehensive 

Nuclear Test Ban Resolution (S. Res. 67) which you are sponsoring in the 
Senate tha t would ask President Nixon to propose an immediate ban on nuclear 
testing and urging a new proposal to the Soviet Union and other nations for a 
permanent treat y 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, peacte and safety of the world tha t is directly related to the continued 
development of nuclear and thermonuc lear weapons. You might be interested 
in a brief chronology of positions taken by the UAHC over the past fourteen 
ye ar s:

1959—Opposed resumption of atmospheric nuclear testing.
1961—Supported President Kennedy in his decision to resist resumption of 

atmospheric nuclear testing.
1963—Supported the Nuclear Tes t Ban tre aty.
1965—Warned against continued prolifera tion of nuclear weapons.
1968— Supported strengthened Arms Control and Disarmament Agency and 

urged negotiations to end the prolifera tion of dangerous weapons.
1969— Opposed ABM, supported renunciation  of germ warfare and nerve gases, 

and supported the objectives of the SALT negotiations.
So, we have a long history tha t supports the position tha t you are espousing 

in your proposed resolution. We ought to recall now th at the fears  expressed by 
those who hesitated to support the Test Ban Treaty in 11X53 turned  out to be 
groundless and the world achieved more safety than  danger from tha t pact. 
Now, with reference to underground testing, it is clear tha t new technology of 
verification makes it as feasible and desirable, as it has long been necessary, 
tha t the  end of nuclear testing finally become a reality.

Kindest personal regards.
Sincerely,

Marvin Braiterman.
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