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I am deeply honored to have been chosen to be the recipient 
of the 1987 Leo Szilard Award for my negotiation and implementa
tion ofa May 1986 Agreement with the Soviet Academy ofSciences 
for demonstration of in-country seismic verification ofa nuclear test 
ban. I am. of course. very pleased to be now added to the list ofgreat 
individual physicists who have received this award. but the credit 
for the NROC/Soviet Academy project must be shared among the 
number of individuals who have played an important role in this 
historic initiative - the largest privately funded scientific exchange 
ever between the U.S. and the U.S.S.R .. 

On the Sovietside. Academician Evgeny P. Velikhov. Vice 
President of the Soviet Academy of Sciences and Academician 
M.A. Sadovsky, Director of the Institute of Physics of the Earth 
(IPE) agreed to the project in Moscow last May when I fmt formally 
presented the concept at an Academy-sponsored Workshop on 
Verification of a Comprehensive Test Ban. At what must have been 
considerable political risk, they showed great political courage in 
seeking and obtaining Soviet government approval for this unprece
dented project. Professor Mikhail Gokhberg, Deputy Director of 
IPE, is responsible for the overall management of the Soviet 
component of the project and Dr. Igor Nersesov, Chief of Seismol
ogy at IPE, oversees the Soviet field team. 

On the American side, Dr. Charles Archambeau of the Uni
versity of Colorado has overall technical responsibility for seismic 
research and is Chairman of the NROC Seismic Monitoring Advi
sory Committee. Dr. Jonathan Berger of Scripps Institution of 
Oceanography. University of California, San Diego and Professor 
Jim Brune of Scripps and who is also Director of the Seismological 
Laboratory at the University of Nevada, Reno are co-investigators 
responsible for the American field teams and the installation and 
operation of the seismic equipment. 

The project represents the largest single program NROC has 
ever undertaken in its 17-year history. Adrian DeWind, chairman of 
NROC, participated in the Moscow Workshop, signed the agree
ment with the Soviet Academy on behalf ofNROC, and has played 
an active role in its implementation. John Adams, Executive 
Director of NROC, has made a major contribution, including his 
tireless efforts to raise the funds for NROC's participation in this 
exchange. My colleague S. Jacob Scherr, NROC Staff Attorney, has 
worked closely with me on a day-to-day basis in the management of 
the project. 
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There are numerous other Americans and Soviets on what we 
think of as our Test Ban Verification Team, making this project a 
success. And fmally, this effort would never have gotten off the 
ground without the very generous support from American founda
tions, individual funders, and the public. 

The United States has sought a Comprehensive Test Ban 
Treaty (CfBT) since the mid-1950s - through every Administration 
from Eisenhower to Carter. From a U.S. perspective, at least upuntil 
the Reagan Administration, achieving adequate verifIcation was the 
principal obstacle. Ultimately, negotiations toward a CfBT were 
broken off by the Carter Administration following the Soviet 
invasion of Afghanistan. Negotiations were not resumed during the 
Reagan Administration. Reagan is the only President to at:tively 
oppose a CfB. 

General Secretary Gorbachev made clear his interest in a test 
ban when he unilaterally suspended Soviet testing in July 1985. He 
also announced that verifIcation would not be an obstacle to a test 
ban. It is in this setting on May 22 oflast year that NROC proposed 
to the Soviet Academy of Sciences to establish and jointly staff 
seismic monitoring stations adjacent to each ofthe principal nuclear 
weapons testing sites in the two countries: in eastern Kazakhstan in 
the Soviet Union and the Nevada Test Site in the United States. As 
you know, seismology provides the main tools for detecting and 
discriminating underground nuclear tests and for accurate estimates 
oftheir yields. The objectives of the project as originally envisioned 
are: 

• to demonstrate that in-country nuclear weapons test veri
fication is not an obstacle to a comprehensive test ban 
(CfB) or a moratorium on testing; 

, to demonstrate that scientists of the United States and the 
Soviet Union are prepared to cooperate to work toward a 
common goal of a CfB; and 

• to obtain baseline seismic data that would be useful in 
designing and operating a seismic verifIcation network. 

We agreed that we need not wait until a treaty was negotiated but 
could place equipment in the field to demonstrate verifieation 
procedures and fmd out what problems might arise. By May 28, 
Velikhov had obtained Soviet government approval for the basic 
idea and the historic agreement was signed by Evgeny P. Velikhov 
on behalf of the Academy and by Adrian DeWind on behalf of 
NRDC. 

In the past ten months. NROC and the Academy have made 
substantial progress in implementing the NROC/Academy agree
ment. 

Under the Agreement. we had a single month in which to 
launch the project. In just three weeks. NROC raised about $1 
million. Dr. Archambeau persuaded Drs. Berger and Brune at 
Scripps to agree on extremely short notice to equip and send a team 



seismologists to the Soviet Union. In a little more than a week. 
e were able to obtain the necessary export license. 

'IRe U.S. team of seismologists arrived in Moscow on July 4. 
(ith IPS. we established the frrst station at Karltaralinsk on July 9 
f last year. By the end of August the U.S. and Soviet teams had 
:stablished three stations around the Kazakh te:st site about 200 
dlometers distant. The stations were located at Karltaralinsk, Ba
(anaul and Karasu in the Kazakh Republic. 

It wu decided to equip the stations in two phases. The 
stations were initially equipped (Phase I) with short period (Tele
dyne Geotech S-I3) and intermediate period (Kinemetrics Sol) 
surface seismometers and battery operated portable digital RCOtd
era. Mostof this equipment was loaned by Scripps. Over the last ten 
months rotating teams of two seismologists from Scripps and the 
Univeraity of Nevada have joined with their IPE counterparts in 
operatina this Phase I equipment. 

In late July. Scripps also began the JKOCUlemellt of over 
$600,000 worth of state-of-the-art seismic and computer data re
cording equipment for Phase ll. This included high frequency 
down-hole seismometers which had to be custom manufactured by 
Teledyne Geotech. 

Construction of facilities to house the Phue n equipment 
were completed by the Soviets by early November 1986. The site:s 
at Karltaralinsk, Bayanaul and Karasu. are all located in granite 
massifs that rise several hundred meters above the surrounding 
Kazakh steppe. Inorder to reduce the surface noise, boreholes with 
20 cm diameters, which would eventually house the high frequency 
seismometers. were drilled to depths of 70 to 100 meters, cued, and 
sealed. Wellhead vaults were set in the surrounding rock.just below 
the earth's surface. The interiors of these vaults measure approxi
mately 3X4 meters with a lX2 meter pier situated next to the 
borehole. At each site a large trailer was sitlllled approximately 
300 meters from the vault to house recording instruments. One or 
two additional trailers at each site provide accommodations for 
Soviet and American personnel. High-voltase power lines were 
installed 
at each site along with backup diesel generlllorl. 

During the past two months the two teams have been install
ing and calibrating the instruments at the thn!:e Kazakh swions. At 
each station there are three component high-frequenc:y aecelerame
tera (Teledyne Geotech 541(0) in the borehole. augmented by six 
surface seismometers on the pier. three component shorJ period 
instnlments (Teledyne GS-l3) and three component intermediate 
period instruments (Kinemetrics Sol). There are also plans to install 
three broadband seismometers (Streckeison STS-VBB). When 
fully equipped these stations will each cover a frequency band from 
100 Hertz down to a period of about 3000 seconds. The seismic 
signals are to be recorded locally on magnetic tape. The data 
recording system (designed and assembled by Scripps) at each 
station in cludes signal digiti~rs and a PDP 11/73 computer. 

Ths Soviet Union ended its nineteen-month unilaterial test
ing moratorium on February 26,1987. At the insistence ofthe Soviet 
Govenunent, the Kazakh stations are required to be turned off for a 
short period surrounding each of their tests. A military offICial flies 
into each station a few days prior to a test, and a protocol is followed 
to shut down and seal the instruments. 'IRe day after the test an 
official returns and the stations can be turned on. During the frrst few 
te:sts thus far, this procedure has not worked well due to the diffi
culty of tI ansporting our team to each of the stations to turn them 
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back on. Since February 26. the stations have been down about 50 
percentof the time. Provided we can reduce the delay in restarting 
our stations, the scientific objectives of the project should not be 
compromised by the inability to record Soviet te:sts. The primary 
purpose of the project is to demonstrate teclulology to verify the 
absence of clandestine. or unannounced. te:sts. In the past Soviet 
te:sts were not announced. either before or after the shot. NRIX: is 
now in the unprecedented position of receiving formal advanced 
notice of Soviet tests. 

While operating, the Kazakh stations will continue to collect 
seismic data from U.S. nuclear tests in Nevada,teleseismic and 
regional earthquakes, andindustrial explosions in the region, as well 
as background noise. Our best scientific results, associated with 
verification of te:st limitations or bans, will come from the anlayses 
of these data. 

The ambient ground noise level is being recorded and its fre
quency dependence meuured. The noise levels obviously control 
the magnitude of events that can be detected and the accuracy with 
which signals can be characterized by any given swion configura
tion. 

Analysis ofregional earthquakes andexplosions (out to 2000 
Ion) can be used to study the source properties and transmission 
efficiencies of various seismic wave types. which ireusually termed 
seismic "phases," in the Kazakh area and thereby reduce uncertain
ties in the quantitative description of .a..ruc wave propagation 
characteristics. Numerous studies oftbia kind havebeen conducted 
in Nevada, but this provides the firstoppoltlJlUty for U.S. seismolo
gists to study the Kazakh test lite uea. Thae studies will be 
particularly useful in reducing the uncertainties of important para
meters of models usCd to estimate the capability of in-country 
seismic stations 10 verify • tow threshold te:st ban treaty. 

Evemden, A1ehambeaU md Cranawic (Rellkw of Geophy
sics 24, May J9S6. pp. ~-2lS). for example. ague that 40 high
frequcmcy swiOlll,. includin& 2S in-counny stations in the Soviet 
Unionofthe typebOiriaoperatecl undertheNRDC/Soviet Academy 
project. would be saf6d.eat 10 verify a fknoton thnlshold test ban. 
A .mw.r D1UIlberwould be NqUinIci 10 monitor the U.S. They 
Illume the JIOIIibility·tif _ion by fully decoupling the under
ground explosion. 1halil. they IIIUlIIe IIltempII might be made to 
mume the seismic aipal &om the explosicn by exploding the 
nueleardevice in .larJeuncfer&tound cavity. Theirmodel Illumes 
sufficiently quietliteacan be found in the Soviet Union and efficient 
transmission ofhigh-freqaieaeJ (30 to 40 Hz) seismic compression 
md shear waves It regional diitancel in stable continental shield 
areas. Preliminary analysis of the d8ta &om our Kazakh stations is 
consistent with these assumptions. 

'IRe velocity and attenuationofconipreasion mdshearwaves 
depend on the temperature and composition of the medium. It is 
now well known that the upper mantle attentuation below the 
Kazakh test site is low compared to the attentllation below the 
Nevada te:st site. Thus, for the same yield. the amplitude of the 
compression body wave (the so-called P-wave) recorded at a distant 
station from a nuclear test in Nevada is smaller than for a test in 
Kazakh. Consequently, if no correction is made for these differ
ences, theexplosion in Kazakh will appear larger than theequivalent 
explosion in Nevada. 

Failure to properly correctforthel1\.biadorP-wavesleaving 
the Nevada and Kazakh te:st sites, in years past" has led to over
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estimates ofSoviet test yields and has resulted in U.S. Govenunent 
claims that the Soviets have violated the 150 kiloton limit under the 
Threshold Test Ban Treaty. As reviewed by Sykes (,'Underground 
Nuclear Explosions: Verifying Limits on Underground Testing, 
Yield Estimates and Public Policy," in Press, U.S. Report to IUoo, 
1987), more exhaustive analyses in recent years indicate that the II\, 
bias is higher than that previously assumed by the U.S. Govenunent, 
and the evidence for Soviet non-compliance with the 150 ktlimithas 
evaporated. 

Some of the best data for reducing the uncertainty in the II\, 
bias, and thus for detennining the II\,versus yield relationship for the 
Kazakh test site, will come from seismic measurements ofNevada 
nuclear tests by our stations near the Kazakh test site. This is 
accomplished by comparing the Il\ as measured near the Kazakh 
test site with the values from well calibrated reoording stations 
elsewhere in the world. Specifically, the attenuationofa body wave 
(i.e., the direct compressional P-wave) travelins from Nevada to 
Kazakh is the same as that for a signal traveling in the reverse 
direction. Since the yield of U.S. tests are known to the U.S. 
Govenunent, the P-wave amplitudes for Nevada tests recorded at 
our Kazakh stations gives a direct measure of the attenuation and 
this in tum can be used to normalize Soviet tests recorded atstations 
in Nevada. 

TIle bias can also be measured, albeit not as accurately, by 
comparing the P-wave amplitude ofteleseismic earthquakes simul
taneously recorded at our Kazakh stations and at our Nevada 
stations. The Soviets can of course use these same proceudres to 
improve their estimates ofthe yields ofU.S. tests. Hopefully, we can 
put to rest the issue of whether the Soviets have violated the 150 
kiloton limit. Preliminary analysis of our data, incidently, is 
consistent with Soviet compliance. 

We have been delayed in establishing the Nevada station and 
our Soviet colleagues have been unable to staff them due to 
successful efforts by the Reagan Administration to obstruct our joint 
research program. In September 1986 we invited fIVe Soviet 
seismologists to come to the United States to assist in selecting 
locations for the three seismic monitoring stations around the 
Nevada Test Site (NTS). The Reagan Administration flIStdelayed 
action of the visa request until after their scheduled departure and 
then placed restrictions on their visas. TIle Soviets were told that 
they would not be permitted to visit the proposed sites without fltst 
going to the Nevada Test Site and witnessing a nuclear explosion 
and a demonstration of CORRTEX. CORRTEX, the acronym for 
"continuous reflectometry for radius versus time," is a device for 
indirectly measuring the yield of an explosion by measuring the 
speed ofthe shock wave in a narrow radial distance range at the edge 
of the hydrodynamic zone. For tamped explosions in the 75 to 150 
kiloton range, this range is a few tens of meters away from the 
explosion source. Pres~dent Reagan had previously invited the 
Soviet Govenunent to send their experts to Nevada for such a 
demonstration in response to General Secretary Gorbachev's 
Administration's strategy has been todeflect Congressional interest 
in a nuclear test ban or moratorium by insisting that the Soviets have 
probably violated the Threshold Test Ban Treaty and that better 
verifICation methods are required before the Treaty is ratified. The 
extension of the Soviet test moratorium last April. The Reagan 
Reagan Administration wants the Soviets to agree that each side be 
permitted to measure, using the CORRTEX technique, the yield of 

all nuclear tests above 75 kilotons conducted by the other side. 
(CORRTEX doesnot work well at lower yields because the distance 
range for the measurement of the shock speed is too close to the 
source.) 

The Soviet position is that while the CORRTEX method is 
useful for measuring the yield ofone' s own tests. it is not a pmctical 
method of monitoring the yields of tests by a second party, since 
confidence in yield estimates would be low because ofuncertainties 
in the reliability of information required to properly emplace the 
CORRTEX system and interpret the recorded data. For example, 
the uncertainty in the yield estimate could be a factor oftwo or more 
at the 95 percent confidence level if the emplacement geometry, and 
the local rock properties. were not well known. Thus. CORRTEX 
is unworkable under a scenario which assumes cheating. The 
Soviets, moreover, do not wish to establish the precedent ofrenego
tiating a treaty which both countries have signed. as a precondition 
toratiflcation. TIle Soviets, rightfully I believe, also seeCORRTEX 
as yet another attempt by Administration officials, who are actually 
opposed to arms control, to foster the impression of fltovement in 
discussions with the Soviet Union. 

Presumably for all of these reasons, the Soviets have refused 
to permit the seismologists associated with the NROC/Academy 
project to participate in a CORRTEX demonstration at the Nevada 
Test Site. Without visiting the test site the Soviet seismologists were 
permitted to stay in the U.S. only seven days. We were permitted to 
take them to LaJoJIa. California. where the two teams, relying on 
slides, rock samples and geologic maps, selected the three station 
sites around the Nevada Test Site. 

In February, a team from the Seismological Laboratory at the 
University of Nevada, Reno. established temporary surface seis
mometers at these three locations and began recording data. We 
invited three Soviet seismologists to the U.S. to workfor two months 
with our seismologists at Scripps and the University ofNevada and 
to assist in the construction and installation of the Phase II stations. 
Again, the Reagan Administration placed the same restrictions on 
theirvisas. Their stay in the U.S. would be limited to seven days and 
they could not go to our stations in Nevada or California unless they 
flISt went to NTS and wilnessed a test and CORRTEX demonstra
tion. 

In an effort to break the visa impasse, Academician Velikhov 
convened a workshop on Nuclear Test Yield Estimation in Moscow 
on February 12, 1987. This workshop was attended by over two 
dozen scientists from eight countries. Two methods of yield 
estimation were considered: the CORRTEX method and several 
new seismic techniques. Soviet experts from the Academy pre
sented technical papers on CORRTEX. Velikhov invited U.S. 
Govenunent experts on CORRTEX from Los Alamos National 
Laboratory and experts on seismic techniques from Lawrence 
LivermoreNational Laboratory. They didnot attend. Following the 
workshop Velikhov telexed the U.S. weapons laboratories offering 
to continue the discussions to identify the best method that can be 
employed for yield estimation. He asked whether the Los Alamos 
and Livermore experts could participate in such a workshop and. if 
so, what would be a COflVenient time and place for a meeting. 

Upon returning from Moscow, we brought these new devel
opments to the attention of the State Department pointing out that 
the Academy has agreed to have its CORRTEX experts partiCipate 
in technical discussions at a time and place of U.S. choosing, and 
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that no useful purpose can be served by forcing the young seismolo
gists associated with the NROC/Academy project to go to the 
Nevada Test Site to witne'is an explosion and a demonstration of 
CORRTEX about which they have no expertise. Moreover. assum
ing the Administration was interested in resolving teclmical issues 
surrounding CORRTEX. an opportunity existed to host the Soviet 
Academy's experts. 

Despite these efforts by the Soviet Academy, the Reagan 
Administration continues to refuse to lift the visa restrictions ofour 
Soviet colleagues. To continue to prohibit the Soviet seismologists 
from visiting our joint seismic monitoring stations without flISt 
witnessing a CORRTEX demonstration about which they have no 
expertise makes it clear the Administration is only using them for its 
own propaganda purposes. 

We have all been taught the virtues ofliving in a free society. 
It is appalling to fmd that our American scientists have more 
freedom to travel and conduct scientifIC research in the Soviet 
Union, than our Soviet colleagues have in the United States. 
American physicists are not free to engage in privately funded, 
unclassified research where it is seen by the Executive Branch as 
threatening to its oWn policy preferences. 

The Reagan Administration seems to be afraid of scientific 
truth. The Administration stands in fear of a research program 
designed to demonstrate verification of a comprehensive test ban; a 
program which in fact improves its own capabilities to verify the 
existing Threshold Test Ban Treaty. 

SDI PROGRESS 

Gerold Y on as, President Titan Technologies, San Diego, California 


[The author was formerly Chief Scientist of the SOl Organization. 
This paper was originally presented at the Arms Control and 
Verification Teclmology Symposium in Albuquerque, New Mex
ico, on 14 April 1987.] 

In spite of the rhetoric. the SOl is a research and technology 
program to provide the basis for a future deployment decision. 
although it is not a deployment program. A decision-driven pro
gram is very different from a deployment program where well
defmed goals, schedules and budgets can be turned over to a 
program manager. To such a program manager, innovation will be 
the enemy. in SOl it is still an ally. Within the SDI there still is 
flexibility, as well there should be. In the decision process one has 
to not only deal with defmed teclmical requirements, but we must 
also understand the possibility that as time proceeds. the Soviets can 
anticipate our future capabilities and we mustcope with a changing 
set of requirements. For this reason, managing a decision-driven 
program places severe demands on planning and communicating 
the nature of the program to the public. 

Oneofthe most frequently posed questions to the SOl is to its 
state ofprogress. The most extensive advances have been in rocket
launched. maneuvering exoatmospheric interceptors with precision 
homing that can destroy targets by direct collision. The progress is 
a result of miniaturized sensors; computers. and Jropulsion. There 
has been a series of very impressive intercept experiments begin
ning with the HOE program in 1984 that demonstrated interception 
and destruction of an RV in outer space, the development and 
successful testing in 1985 of a much smaller antisatellite weapon 
launched from an aircraft, and then most recently in September 1986 
the Delta 180 experiment in which two space test platforms tracked 
and observedeachothergiving an extensive amount oftracking and 

homing information. The Delta 180 experiment emphasized the 
appearance or optical signature of rocket powered flight as needed 
to defme the sensor requirements for boost-or post-boost-phase 
intercept 

Substantial progress has also been made with endoat
mospheric interceptors. Recent demonstrations of small. agile, 
homing missiles offer the possibility of developing an ability to 
intercept and destroy, bydirect collision. high velocity attacking mi 
ssiles within the atmosphere. 

The second vital area ofprogress is in our ability to track and 
discriminate re-entry vehicles above the earth's atmosphere far 
from their intended targets. The most likely near-term approach to 
accomplish this intercept is with sensors and missiles launched from 
the ground, and carrying out their surveillance. tracking, and inter
cepts in the late mid-course part of the flight. In on:Ier to succeed 
with this kindofintercept in the face ofa responsive threat where we 
must expect, chaff. decoys. and anti-simulation, we have to find a 
solution to the problem of discriminating the heavy objects. Here 
there has been progress using passive. active, and interactive tech
niques to acquire, track, and interrogate this complex threat cloud 
and provide defined tracks for interception of the real RV's. Many 
years of prior investment in long wave infra-red sensors and recent 
advances in laser radars are beginning to pay dividends. 

The third area is the survivability ofourpredeployed assets in 
and surveillance capabilities that must survive a determined attack. 
We have greatly improved our understanding of the components 
and tactics of a survivable system, although we realize that in an 
attack we would certainly lose many important assets. The issue 
here is, to defme a ~ concept that continues to function and 
neverpresents an attractive target to an attacker. In this area we are 
faced with the task ofdefining the threat and Jredicting its evolution, 
and our activities have been greatly accelerated. Studies thus far 
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