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LETTER DATED 28 AUGUST 1958 FROM THE DEPUTY PERMANENT REPRESENTATLIVE
OF THE UNION OF SOVIET SOCIALIST REPUBLICS TO THE UNITED NATIONS
ATDRESSED TO THE SECRETARY-GENERAT

28 Auguset 1958

Pursuant to agreement reached between the Government of the Union of
Soviet Socialist Bepuflics and the Government of the United States of America
in the course of an exchange of notes in April, Mey and June 1958, a conference
of experts of both sides convened in Geneva from 1 July 1958 to 21 August 1958
o study the possibility of detecting violations of a possible agreement on the

sugpension of nuclear tests. The conference of experts concluded its work with

the adoption of & report which the experts participating in the conference have
submitted to their respective Governments, The Governments of the Union of

Soviet Soclallst Republics and the United States of Americe had agreed in their
éxchange of notes to keep the Security Council and the Genefal Assenbl y informed

of the work of the conference of experts through the intermediary of the
Secretary-Genersl. Accordingly, I have been instructed by my CGovernment to K
submit o you the attached "Report of the Conference of Experts to Study the
Poseibllity of Detecting Viclations of a Possible Agreement on the Suspension

of Muclesr Tests" with the request that it be circulated to the Securlty Councll
and the General Assenmbly as a document of the United Nations.

(8igned) G. ARKADEV

Deputy Permanent Represgentative of
the USSR to the United Nations
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I, TWRODUCTION

ss 1n neceordance with an agroement reoashed as o resuld of an
oxzchange of letbers botwaen the Choizmem of the Coumeil of Ministers of the
Union of Soviot Sociclist Repubiics s No 8. Khrushehov, and the Prosident
of the United S’t::r:.tes of imoriea, Dwight D, Eisenhower, rogarding the -
calling of o confercnce of oxports to's.‘bud;r tho possibility of deteetlng
violations of o noesible ngrocment on the suspension of nuelear tests, thore
bogen on 1 July 1758, in Goneva, in the Palais des Nations, a conforcnce of,
on the ome hand, exporté from Westorn eountrics aond, on thoe othor heond, '
dolegatisne of experts of tho Union of Soviot Soeialiast Ropublics, the Polish
Poeople's Republie, tho Czechoslovak Republie and the People's Rgpublioc of
Romanice, ‘ .
B, Tho Seorstary-Goneral of the Unitod Notions wea roprosented ob tho
Conforonce by his Porsonol Ropresoumtative, iir, T. G. Norcyapan, OConforenco
faellities and Soerotoriat sorvicds wore provided by the United Natlons,
Thé Experts exoross thoir cpprociction for tho good officos of $ho
Sooratary-General =nd his Porsonsl Hepresentative, and for the services of
" tho Sceretariat staff attachod to the Conferance.

C. Tho agenda £or tho Conforomce, adopted »n 4 July, ineluded tho
following main questions: :

1. DIzchongo of opinisns on tho problem »f the various methods
for dstocting ntomle oxplosions nnd on othor gonoral problems_ of the Cnonfeorsuce
doliborationg.,

' 2, Determination of o list of bosic mothods of systematie
observetions for Dhonomons indieative of on explosion,

' 3. 4 system for controlling the ubaervaﬁco‘ of on agroemcnt on
thoe cossation of nueloar tosig,

4, Drawing up o report of experts to the governments of thoso
sountriss roprosonted ot the Conferoneces,with sonclusions and suggestions
Togerding o systom for oontrolling the obsorvanco of an ogreement on the
oosgation of nueleonr tosts,
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'D, The Conference held 30 offieinl sessions and completed 18 work
on 21 August 1958. By prior ogreement the Conference held its sessions in
‘private, ' ' . . : d
E. The Conference of Experts considersd the phenomena accompenying
muclear explosions got off under various conditions. ‘

¥, Some of these phenomena, namely the acoustic woves ogcurring when
there ore explosions in air and in water, the seismlc oscillations that occur
when there are explosions on the ground, under the ground, anﬁlunde& ﬁater,
the radio pulses thet are producod when thers are explosions in the ﬂtmosphere,
and the optloal and gamma rodistion when propegabed over. long distnnues, gerve
to indicate axplosaions and to astimate their time and place.

Gs When nuclear explosiona ocour in tho atmosphere the radioaotive
debris which is formed mixes in the utmnaphere, and is dispersed over: graat
distances, If o nuelear explosion is sat off iu the ocean or in the earthts
erust, the rodionetive debris will remaln eoncontrated 0lose to tho sito or
the explesion for o considerable time,

H. The gensitivity of medern physical, chamiocal and geophysioal methods
of measuramsnﬁ moekes it possible to datect nuelser cxplosions by the indications
desoribed ebove at considerable distances, as hereafter described, Thus it
is known thet explosions of high yield which are set off on the surface of tho
earth and in the lower part of bthe atmosphore can be detected withqut}difficulty
at points of the globe which are very remote from the site of the explosion,

On the other hand, explosions which are of low yield {a fow kilotons) can be
detectad with good raliébility given the present state of observational
techniques only if there is a speoially set up contrel system such as that
suggested in Seebion IV of this roport,

I. A basic difficulty in detoeting and identifying smel) explusions
arises because many zatural phenomena (earthquakes, thunder storms and othors)
give signols which ave similer to those produced by explogions, or which by
thelr Presence hinder the detection of the signals sought.

J+ The discrimination of the signels of nntural events from signals of
explosions is aided hy a carsful analysis of the recorded data, tukinglinxo
account readings obtalned ot several pointe., Those remaining unidentiried

ovents which could be suspecied as being nucloar explosions might be rpsolved
by inspeaection of the site,
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K. Tho Conforones of 3xports hos considored tho mothods of dotoebing
nuclonr oxplosinns by the ceoustic, hydrotgoustic ond solsmie cselllations
which thoy produso inm the oir, wetor, or in the ccrth's erust, aﬁd, also tho
detoction of exploisions by tho oloctromo.gnotic‘ oselllations which are
pro;)agatod Trom thom, 2ud by thoe redioctetivo dobris thet the oxplosli-mse ecuso,
| L. Tho Cwmafaronce heos uxerined tho offectivenoss ond linmitotions
of oach of Thuso mothods for tho dotoction of nueloor oxplosions and it has
ogreed that tho cmnbinod wae of tho vorious mothods considerebly foclllitotes |
tho dotection ond idontification of muelonr oxplosi ns,

M., Jfftor oxcmining tho sopnrato mothods, tho Conforonee oxamined
tho quostion of tho tochnical equijﬁont of tho e:ndroel systion nocossary o
dotoot and jdonbify nuelonr vkplogisns, ond, after that, it possod to the
q_ucstion of tho ennbrl systom o8 o whole,

N. 48 o rosult of 1o examination of those questions the Gonforonce
»romhqﬁ the conelusion thobt it iz tuchnieclly focsiblo to set up, with the
ccpobilitios cnd limitations indicatod in Soobion IV of this ropors, o
worknble cnd offective cnntrol syston for tho detoction of vislotions of
on agroegment on the worldwide cogsation »f nueloar woapons tosta.

6. In tho prosemt rejort informatbisn is given aboub tho varisus
nothots of detection ond icontification of nuelocr Q::plosi‘:na, about the
‘tochnieal oguimmont of o ecntrsl systom end about & contrTal systom s o
wiole. Coples of the individual doeumonts gontaining the e-nelusions
odopted by tho Conforonso on ecel of the questicns mentionod are attochod
t2 tho prosont rozori. Vorbatim reesrds oné working do¢umonts in thoe
mr::ing 1"111@%.508 WP tho C-nforence will follow o8 soon cs thuy are
-..vz‘.il&'blc for attnebmont to the report.
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II, BASIC METHODS FOR DETECTION AND IDENTIFICATION
OF NUCLEAR EXFLOSIONS |

A, QDonclusions as to fthe epplicability of the Methed ef Recording Acggg io
Waves for the Detestion of Nuclear Explosions.

The Conference of Experts oxamined the process of propagetion of the acoustiec
waves caused by muclear explosions end the methods of recording these waves with the
ain of determining the ppesibility of using them for detecting muclesr sxplosions,

1, When there are explosions in air, e strong alr acoustic wave 1s formed whiel
propegates over large distances, An indication of the emplitude of the alr pressur
wave is given by a formula which is approximately valid for a homogeneous atmosphers
and aceor&ing to which this amplitude is proportiqnal to the cube root of the yield
snd inversely proportliomsl to the distancé,* However, the amplitude of this acoustit
wave is strongly dependent upon meteorological. eonditigns and cannot be rredicted
accurately by & eimple Fformula of such & kind.' VTha tbserved amplitude in‘certain
cases can be five times larger or smaller then that predicted by a formulation which
1nc1uﬂgé only the energy relesase and the distance tn.detesting station,

2. Existing apparatus of specisl design can debect the air wave from a one
kiloton explosion in the air above local backeround noise at relatively large
distances,

The detection eapability of & simgle station is strongly dependent tpon the
orientation of the propagation path to the station with respect to' the upper winds,
When the upper winds are mainly in one direction, a one kiloton explosiuh can be
detected with a high degree of coifidence downwind at s distance of 2,00b te 3,000
kilometres and upwind et a distance of 500 kilometres. When the upper winde are
erratic and the average wind is amall, such ag frequently happeng 1n the spring and
fall, detection of a one kdloton explosion cen be accompllshed with a similar degree
of confidence to a distance of approximately 1,300 kilometres independently of the
fGirection, On the besis of the recoqu‘from'thrae stations, the locatlon,of the
explosion can be determined with en aceuracy of better tham 100 kilometrss,

3, The acoustic apparatus ob ccntrol-posts at the avove distances from an
explosion can detect explosions which oceur botween the surface and a height of
~ kilomatres. A reasonable extrapolation of existing experience indicetes that
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for explosions taking place up to an altitude of abeut 50 kilemetres there sheuld
not be a great change in the deteotabllity of the acoustlce wave, Whether a
substentlel acoustic wave will be’genéra@ed at higher eltitudes is not well kmown
from direct expsrimeht or from any theoretical considerations so far discussed. Deep
underground and unﬁerwater exyiosions do nbt produce alr waves sufficlently intense
for detection ‘purposes,,_ .

An underwster axplosion in the oéeans generates very atrong underwater sound
waves (hydroacoustic), which even in the case of small sxplosions can be detected
et distances of about 10,000 Kilometres,

4, Acoustic waves which resemblé in certain cases the acoustlc signals of
nuclear sxplosions may be produced by metural events‘(primarily-meteorﬂc, volcanic
or aubmar;ne distﬁrbances). In suoh cases the identification of the event as
nétural or a3 a nuclear explosidn,must be b@sod‘on a compsrison of acoustie data
with those obtained by aid of other methoeds, R |

S« It 1s noted that methods of recording of pressure waves may be further
improved to increase the precision and the sensitivity, and to eliminate background
noise and spurious signals,

B, Conclusions as to the Applicability of the Method of Using Radioscbive
Debris for Detenting and Subsequently Identifyine NMuclear Explosions,

The Gdnferance of Experts'has studied ths'procesa of the dissemination of
radioactive debris resulting from & nueiear'explosion and has considered the cgllecti
of smmples of radioactive debris and ite analysia as one of the mothods for detecting
and subsequently identifying muclear explosions,

1. When.an oxplosion ocours a considerasble quantity of radioaective debris
is produced If’the explosion is bassd on a fission reaction then thim quantity
amounts to 3 % .10a ouries per 1 kb TNT equivalent of the ensrgy of the explesion
as of one hour after the mection, Thermonuclear reactions will lead to the formetic
of Carbon 14, Tritium, end other radicective substances which result from neutran
irrediation anhd which, in principle, cem also bo used to detect an explesion,

2, When nuclear explosions osour betwesn the earth!s surfacs and a helght of
appreximately ten kilnmetfes_theﬁradioactiva debris is thrown into the atmosphers
where it is carried by winds to'great distancss, The concentration of this
redicactive debris is greatly.influenced_by the vertical and horizontal ﬁistribution
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' of the wind in the troposphere and in the lewer layers of the stratospha#é. The

goncentration is also depreased as-a consequence of washing out by rain gnd
grovitatbonal deposition,

3. . The digtribution b& height of the radicactive debrls carried in ithe atmnrsphe

will depend in the first pléce on the energy of the explosion, on the conditions in

whicH the explosion took place (i,e, on the earth, under the earth, nr in the air) an
on the psteorological conditions at the mrment of explosion, In the cade of low
energy exﬁlosiogsiin the air up to a height of approximetely %en kilometres the
radioactive debri%#uill initlally concentrate in e small volume below the tropopause.
This Aebris will graduslly get dlsseminated both horizontally and vertiGQlly in the
troposphers and iﬁ the course of a period'of from one to thirty days (depending on
the turbulence of the atmosphers, the wind sbtructure, and the dimensioms 'of the
perticles which carry the radioactive substances) it can be detogted close to the
earth's surface, as also st verious heights up to the tropopause,

4, The spreading of the cloud inm the atmosphere is determined by mﬁny
meteorological processes, As a result of the action of these prbcesseéitha cloud
is bound to reach a stege when it is mixed in a verticel dirvection and spreaed in a

-horizontal direction in such a way as to efford the most convenient conditions for

taking ‘semples,

Galculationé and experimental dgta give ground for considering that!this stege
will be reached in the period between the fifth and tﬁentieth day of the existence
of the cloud, Befnfa-thgt period the cloud may he 00 wmall, both in its horizoutal
and its vertical extent. After fhirty days have expired a considerable part of
the radicsctive debris will decay and a sample will-eonstitute a lesser proportion
of the matural or other baskgrpund, thereby-making more difficult the detection and
identification of an explosion, |

‘5, Existing rediochemicml techniques meke it possible to detect and identify
fresh decay prdduats in a sample of radioactive debris'containihg about 108 fissions,

‘The'time of origin of this fresh debris can be determined within five to'ten per cent

of its age if the semple contains about 10°° fissions and is not conteminated to any
considerabls extent by old fission products, o '
6., The taking of ssmples on the surface of the eerth bj a network of control
posts makes iﬁ possible to carry out continusl mbnitoring of the contamination of
the air et many separate points by means of gir Tiltration and also by céllecting
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radloactive fallout and fallouwt in rain, Iz control posts are disposed ab distanceé
of the order of 2,000 - 3,000 kilometres theﬁ an explosion with an energy of 1 kt
set off in the troposphere (0 - 10 kilometres sbove the surface of the earth) will
be detected with a high degree of reliability in the period of five to twenty days
although the place of explosioﬁ cannot be exactiy determined and although the time
of explosion will be debermined with some error, Calculation shows that with
favourable meteorological conditions su explosion of oven lesser snergy can be
detocted in this way,

In the course of the ﬁeriod of time of from two to five days after an explosion
of energy eguivalent to 1 kt the collection of a semple of radiocactive debris from
the explosion which is suitable for analysis cﬁn be offected in the sir by an
aireraft if the area of the supposed location of the cloud is known approximately.
The teking of such a sample will make i£ possible to esteblish approximately the
point of the explosion by means of using meteotologicdl data for back-tracking the
trajectory of movement of the cloud, '

Ta Uhﬂerground'or underwater explosions set off at shallow depths and
accompeniied by the throwing up of earth or water can also be identified by the
method of colleeting radloactive samples slthough with lesser reliability than for
exploeions of the same energy in the troposphere,

8, The Conference of Experts considers that systematlic measurements of
radiloactive substances in the air and also the collection of radicactive serosols
deposited on the ground and messurements of the radicactivity of precipiltation can
be sucoessfully used for the detection of nuclear explosions end alsc, in many cases,
for assessing certain parameters relating to them even in the sbsence of other
indications, '

The utilisation for a regular control service, as a method for detecting
nuclear explosions, of the taking of samples, of the air bj airc;aft over‘oceans
can be uged for detecting nucléar explosions, For this purpose use should be made
of existing alreraft flights over the ocesmns which are carried out by various
countries for the purposss of meteorologlcsl observations, .

%, The Conference of Experte considers that the method of taking samples
of radioactive debris can also be used successfully for subseguent investigation
of the fmet of a nuclear explogion in those cases when there are the appropriate
indications from other methods,
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For this purpose it is posasible to usc tho detoetion of radiouctive dobris
remaining at the point of tho supposed exploslon (on tho carth's surface, under
the corth, in the wetor) and also the detormination of the presence of ¢
ra&ioactivo cloud in the poried botwuon two and five deys after a supposed
oxplogion in tho ctnosphars in the ares vhory tho eloud 1s culeulutud o b0 by
tho timo of invomtigation.

In such a case search for the rcdiecsctive cloud ecn be mode on ant alreraft
having oquipment for tho taking of = sémple of rediosctive debris, To this
end use should bo mnde chiefly of the aireraft flights ovur the ocosns made for
the purposes of meteorologicel observations.

10, In somc omses use car be made of aireraft f1lights over the tarritories
of the USA, the USSR, the UK and othor countries to colleet aixr sam@loé for the
purpose of checking on data obtalinod by other mefhods of doteetion of nueloax
explosions, .

The Experts consider thot to accomplish this task it would be quite
gufficient to moke use of the airercft of the country being overflown and thab
in such ceses it is sufficiont that f£lights for the purpose specified ahould bhe
medo along routes lcid down in advanco, Revresonbctives of the USSR, the USA,
the UK or other St&fes participating in the oporation of the control system may
be on board thése esireraft in the capacity of observers,

il. The exports notc_that in the courss of time the sensitivity and
officiency of the mothod of collseoting radiometive debris will increeso a&s &
consequence of tho atmosphsre becoming eleared of tho raﬁioacti%e products
it contains, ond also as ¢ result of the porfootion of the tochniques for
oolloetbing and anélyaing samples, -
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C. Gonglusions as o he Applicability of the Method of Recording Seismie
Waves for the Deteotlon of Nuclear Explogiong.

The Conference has considered the processes of propagetion of seismic waves
generated by nuclear explosions and the methods for recording these waves for the
purpose of determining the possibility of using them for the devection of underground
and undérwater nuclear explosions,

1. When nuelsap explosions ooour under the ground or under the water, longitu-
dinal, transverse and surface waves are formed and get propagated to greet distences.
The first lomgitudinel wave is the most importent, both for détecting an explosion
and for debermining the place of the explosion, and also for disbinguishing an
earthqueke from explosions, Transverse and surface waves also help to defins the
nature of a selsmic perturbation.

2. Longitudinal selsmic waves ceused by underground nuolear explosions set off
under ornditions analogous to those in which the Rainier* shot ococourred can be
detsoted and the direetion of first motion of the lonzgitudinal wave cen be determined
at a distance of apprarximately 1,000 kilometres, and elso at distances of approximate!
2,000-3,500 kilometres at sites whioch are considerably Anl_lére guiet than the average
for: .

() exp;l.osions of the order of 'one.kiloton recorded during periods of.

favourable noise conditions

(b) explosions of the order of five kilotoms recorded during pariods of

unfavourable noise conditions.

It must be noted that all seismic stations situated at thousands of kilometras
from one encther cannot have an identleally high or ldentically low level of back-
ground et ome and the same “time.

3« Conditions for deteotion and identification of underwater axplosions set
off 1n shallow water but at a sufficient depth, are considerably more favourable
than conditions for detecting underground explosions.

4, Oéntro;l. posta'carxwiﬁg out seismic observetions should be put at sites with
a minimal level of microseismic background, such as are possible in internal con-
tinental reglons. Such stations, when provided with arrays of seismographs, can

* The underground nuclear explosion "Rainier” with an energy of 1.7 kilotons
(Nevads) was set off in unfavourable conditions for trensferring epergy to the
ground., However, even worse cmditions of coupling ars possible.
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:'..nsura the obtaining of the data indicated above. Heowsver, at stations which are in
unfavourable regions such as ooastal and island regions the noise level w:l].'l. be
higher than at quiet stations inside continents. In these gases for dateetion and
determination of the sign of first motion the energy of the explosion must increase
in the ratiy ef the power of 3/2 with respsct to the increasa of background level.
This is in part compensated by the fact that quiet stations inside continénts will
reglster more powerful explosinﬁ at distances vf from 2,000 te 3,500 Id.lémet.res.
Bursts with an energy of 5 kilotons and more will be detested by quiet stgtions
placed at the distances nemed,

6. The majority of earthquakes can be distinguished from éxplosions:with a
high degree of reliability if the direction of firet motion of the longitudinal
wave 18 olearly registered at 5 or more seiemlc stations on various bearings from
the eplcentre., Thus not less then 90 per cent of ell earthquakes taking place in
éontinshta can be identified, The remeining lnfpericent or leas of casasiwill
require the analysis of additional seilsmograms where thia is possible; and for thie
burpose use must also be made nf the data of the existing network of s,e:lm#ic atations,
A o required, these supplementary stations should be further equipped with }improved

bepparatus. In relativoly aseismic areas it is sufficient merely to define the
position of the eploentre. In this conmection cases of dstection of seismic ovents
will be regarded as susplcious and will requirs further investigation with the help
of other methods, For these ceses which remain unidentified inspection of #he
region will be necessary. ‘

In regions where the regular disposition of selsmic stations in quieﬁ conditions
:ls not posaibla, the percentage of correct 1dent1fioation af surthquakes will be less,

With modern methods end making use of the data of several surrounding seismic
stations the area within which an epicentre is localized can be assessed as
approximately 100-200 aquare Idlcmetres, '

6. It is noted that the range and aceuracy 2f recording and 1dent1fy1ng
underground nuclear explosions can be improved in the future by means af parfeating
the methods of recording selsmic waves, both by way of perfecting apparatus end
also by way of perfeoting the methods for differemtiuting an earthquake from
explosions,
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- D. QGonelusions on the Applicabllity of the Method of Regordins of Radio

Blgnals for the Detection of Nuclear Explosions. _
The Conference of Experts considered the generation and propagation of radio

pulges originating from a nuclear explosion amd the methods of recording these

signels ln order to determine the possibllity of using them for the detectlon of
nucleéar explosions.,

1. In the cese of & nuclear sxplosion in the amosphera, there arises &
pawarful elactromagnetic radistion (radic signnl), caused by the gemme radiation
accompanying the siplosion. In the case of underground, underwater, or speoially
shlelded explosions radio emissions are not expected which can be recorded st great
d.:lata:noea by modsern techniques.

When the explosion is carried out on or above the surface of 'bha earth (water)
and without specilally constructed layers to absorb gexme reys, the. anergy and
speotral distribution of the radio signal are such that its essential components
are prb}l:aga‘ted‘ over the whole terrestrial globe. The strength of the radio s8ignal
deponds upon cerbain features of the construction of the bomb end on the sltitude
of the explosion. An sxplosion of 1 kiloton yleld esn be dotocted by means of
iadlo slgnals at distances exeeeding 6,000 km asswning thab in the meighbourhood
of the reeeiviﬁg station there is no high noiss lsvsl from leoal thundersto:.:ms or
other sources.

By radio direetion Tinding methoda, it is possible to determine the azimuth
of the signal source with an accuracy of about 2 s 1.2., about 30 ¥;m at & disbance
of 1,000 km. The time of production of the signal may be established with an
aceurasy of several millisoconds. The sttaimment of such acouracy depends on the
cholce of sufficlently flat location and on the absencs of slectriesl interferenace
at the receiving site.

24 Lightning flashes emit radio signels in the same froquency range and act
as 1nterrarence for the msthod of detectiou of a nuclear explosion by means of its
redio signal.

Olose to the source of radiation, the forms of radio signals from lightning
and from nuclear explosions exsmined to date are guite different. However, ab
digtances exceeding 1,000 kilometres, due to the distortion of the form of radlo
signals in the wave guide Fformed by the earth end bhe ionosphere, the form of radlo
signals from some individual lightning flashes is similar to the signal from nuclear
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explosions. The number of signals from lightning Fflashes recorded by apphratus
without using speclal techniques of siznal aselection depends on the senaitivity

of the apparatus and on the locallty and cen emount to from ten to several hundred
signals per gecond. Existing techniquea can be applied to exclude autumatieally

the preponderant majority of signels from lightning, The dlstinction of $he remaining
signels due to atmospherics from those due to nuclear explosionsrraquires'the
application of'speoial methods of discrimination, including orlteria on form of-
signal,- spectral distribution and distance to source of radiation.

In the present state of the technique of the diseriminztion of signals in sonme
individual ocases the record of a gignal cannot be identified elther as coming from
a nuclear explosion or frem lighitning,

S« The Confeorence of Experts regommends that further research should be
carried out in order to understand more fully the physical propertles of atmospheries
involved in dlfferontiating signals ficm nuclear explosions and atmospheries, by
means of the development of the theory of this problem, the colleetion and
aystematiﬁation of data about atmnsﬁherics and the development of suitable automatic
Ingtruments. The Conference considers that thers are.éood prospects for';mprovomﬁnt
of procedurea of signal discrimination. '

4. Theoretlcal considerations suggest that recording of radio signals can be
uged %o detest nuolear explosions occurring at eltitudes up to the opder qf 1,000
kilometres, | '

E. Qonglusions on the Mothods of Detestion of Nuclear Explosions Carried oub

(" L Altitude (More than 30 o 50 Above the Fart _

The.Confercnce of Experts has gi#en theoreblical consideration to the ganms
‘radlation and neutrons resulting from a nuclear explosion end the conditions of
regording them from earth satellites; emd to optical phenomena end lonization of the
alr in the:upper leayers of fhe atmosphere in the case of g high altitude explosion

(eltitudes above 20~50 kilumgtrgs) and has arrived at the following conelugions:

1. A kiloton nueclear explosion produces abt ite source delayed gamme-rays
from fisslon products, and prompt gemme-rays and neutrons. The number of prompt
gamme~rays and neutrons depends upon the congtruction of the device and upon the
materials surrounding it. The delayed germa-rays are insignificantly affected
by these factors. At a distance of 104 kilometres in vacuo, typleal qua;tities of
radiation from a one kiloton fission'exylosion are:



English
Page 14

(a) Delayed gamma-rays
10% quanta/om2 during the first sscond
(b} prompt gemma rays*
10° quanta/omz
distributed over a time of ebout 10™! sec.
(o) Neutrons
10* ﬁeutrona/cma
digstributed over a tims of a few seconds.
The cosmic background at the height at which earth satellites orbit is wnder study
at the present time, attention being peid to the quantity, nature and energy of the
pvarticles; however, on t.ha.basis of preliminery data, it can be considered thai the
detection of an explosion fram an earth satellite is possible, by means of registeri
the gamma-rays accmpm the nuclear reaction, negleeting shielding, and also by
means of registering the gamma rays of the fission products and thé' neutrons. If
both prompt gemms rays and neutrons are registered, it is possible to get some idea
of the distance to the explosion. The 8o of gamma-reys from a nuclear explosion
will meke it possible to detect the explosion in cosmic space at & distence of the
order of hundreds of thousands of kilometres from the earth, Estimate of the
maximum distance for the detection requires data concerning the magﬁituds of the
cosmic radiati,on at the orﬁi’c. of the earth satellite. If thers is an explosion at
& helght of 30-50 km and above, end 1f the height at which the earth setellite
orbits is some thousands of kilametres, ome can meglect the absorption of gamma
quanta in the upper layers of the atmosphere., The Confersnse of Experts considers
that 1t 18 possible to use for the deteetion of nuclear explesions at high altitudes
the registration of gamma-rediation end neutrons with properly instrumented earth
satellites,

2, In the caso of an explosion at a great height light will be emitted at the
point of the explosion and thers ﬁll be luminescence in the upper layers of the
atmosphere under the action of X-rays and fast atoms from the materials in the
device. Light phenomena may be detectable from the surface of the earth in clear
weather at night with the help of simple apparatus; in day time with the help of

*® Special shislding of the exploding device can considerably reduce the gamma-
radiation accaompanying the reaction, but cannot reduce the radiation from fission
produets. However, such shielding involves incressing by several times the
welght of the whole device.
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more sensitive spparatus. in oloudy woather the detection of optical i)henomena.
from stations on the earth's swrface would probably be exbremely diffiémlt.

The radiation from a nublear ezplogion oreates in the upper layeré of the
atmosphere a region of inorcased ionization which is detectable by theg sbsorption
of cosmig radio-aignalé or by enomelies in the propagé.tion of radlo waves.,

Our knowledge of the absorfpt:l.on of cosmic nolse by ionospheric phencmena is
no'b sufficien'b to determine the number of nat.ural svénte similar to these rosulting
from a nuclear gxplosion,

The Conference of Experts considers that it is ;possiblé to use the recording
of :Lonospheric phenamena, using appropriate radio techniques, and of optical
phenomena for the dstectlon of nuclear explosions at high altitndos. _

8., The Conference of Bxperts has not considercd tho problem of the detection
of nucle=sr explosions which might be conduched in cosmic space ab dis’oéncea of
millions of kilometres from the earth.

F. The Oonference haa recommendod the inclusion of the firet four of these
me'bhods in the number of basic methods for detecting nuclsar explosions by means
of a network of control posts, and ccnsiders it possible to use sevaral methods Pox
detection of nuclear sxplosions et high altitudes as stated in ITEl and IIB2,
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III, CONCIUSIONS ON THE QUESTION OF THE TECHNICAL EQUIPMENT
OF THE CONTROL SYSTEM FOR THE DETECTION AND IDENTIFTICATION OF
NUCLEAR EXFIOSIONS

The Conrarenée of Experts has considered the queations related to the
technical equipment of a<control net intended to detect and identify nuclear
explosions, and has come to the following conclusions:

l, The posts of the control net €ituated in continents should regularly be
equipped with apparatus for the detection of expiosions by the éeoustic and seismia
mothods end also by the methods of recording radio'signals and of collecting
radioaétive debris,

2, Cerbain posts situated on islands or near the shores of oceans should be
equipped, in addition to the methods just mentioned, with apparatus for hydroacoustic
deteotion of explosionﬁ.

3. Posts loceted on ships stationed or drifting within specified ocean areas
should be equipped with apparatus for the detection of explosions by the method of
collecting radioactive debris and by the hydroacoﬁétie_method. The method of
recording radio signals and the'acoustic method might alsc be used on ships if
suitable equipment is developsd, but the effectiveness of these two methods,
narticularly the acoustic one, will be considerably less than on land,

4, The apparatus installed at posts of the oontrol network must be uniform
and must satiafy the following basic technical requirementss

A, Seismic apparatus

The selsmic apparatus of the control post should include:

(1} _Approximetely 10 short-period wverticael seiemogrephs dispersed over
a distance of 1.,5=3 kilometres and connected to the reéording system by lines of
gable. The seismographs should have & maximum megnification of the order of 106
at & frequency of 1 ¢.p,3. and & roceiving bend adequate to reproduce the
sharasteristic form of the geismie signal;
' (28) 2 norizontel seismosraphs with the parvameters indieated in
point (1); |

(3) One three~component instellation of long-period seismographs having
a broad receiving bend end a constant megnification of the ordsr of 103 -2x 103
in the period range 1 = 10 seconds;
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(4) Ono throo-component installation of soiamographs with a narrow
receiving bond and maegnification of the ordser of 3 x 10 when T = 2 = 2, 5 scconds;

(5) At certain posts one three-component installation of lopg-period
seismographs with magnification of ‘the order of 104 - 2 x.104 at poriods of
T = 25 soconds;

(6) Auxiliary equipment neccssary in order to get procise records of
the seismic signal; recording devices, chronometers, power supply wnits and
_apparatus for receiving automatic raﬂio-signals giving corroct time,

The geismic apparatus should be imstelled in places with a minimal level of
micro-seismic background, away from industrial areas, and on outcr0ps of bedrock
(whers possible}, The seismographs should he installed in sultable vaulte,

The arsa required for installing the seismic apparatua should be ebout 3 x 3
kilometres. ' j

B, Acoustic apparetus

(1) The infra-acoustic equimment for a control post should include not
less than three sets of microberographic units each of which should have: a system
for avereging out turbulent noise, a pressure sensing unit, & tronsmission line and
appropriate electromic amplifiers and automatic writing instruments;

(2) The sensitivity of the miorobarographic stations must ensure
recording of acoustic signels in the period ranga 0,5 = 40 soconds, with an

amplitude of 0,1 dynes per om=;

(3) The pressure senSing units of the microbarographs should be disperse
at about 10 kilometres from one another in order to determine the direction of
arrival of the meocustic signal end the speed of propagation of the signel;

_ (4) The hydroacoustic apparatus for a post, which i8 recommended for use
enly in ocesnie zones, ghould include several hydrophones placed in the mhin
submarine sound channel, |

The ﬁ?ﬂrophonea'should be connscted with the recording etation on ;ha coast
by sablea, ‘Recordings of the hydroacoustic aignalvshould be made in several
frequency sub-ranges, covering a general freguency ranée of from one cytls per
second to several thouseand cycles per second,

The infre-acoustic equipment.operates best in aress of low surface winds and
flat terrain covered with trees or shrubs,
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C. Apparatus for recording o radio signal

The apparatus for recording a radio signal should consist ofs

(1) A loop-shapod redio dircction finder op a radip direction finder
with vertical antennes disperscd 4=-5 kilometros from one anothor, with a fregquency
range of 10~15 kiloeyeles por socond which will detoet signels es low as 2
millivolts por metre; | ‘

(2) A device for rucording tho form of tho signal, the device to
provide recording of the form of the redio-pulse in a frequency ranze 500 ¢,D.8. =

200 kiloeyclos por socond when the intensity of tho ficld 1s 10 millivolts por
metre and more; ' '

(3) An sutomatic scloeting device .based on separating out the
charpctoristic electromagnetic signals accompanying nuclear explosions by thelr
form, by their spectral density and by their amplitudo and & device for analying
tho signel speetrum that providess disblay of the speetral demsity of tho sigual
in the frequency range 6 - 100 kiloeycles por second., Although existing
techniques excludé the preponderant majority of signals from lightning, further
adventage will be teken of informetion {rom tho acoustic, seiemic or other basic
mothods of detection to aid in further diseriminntion betwoen signals from
nuciear explosions end from lightning flashes;

(4) The requisite measuring end auxiliary apparatus and also
pbwer-supply'unita and meens for oﬁtaining correct radlo time signals,

The site on which the antennas ani the electromagnetic recording anperatus
arc disposed should be on flat or rolling‘ggf?ain'with about 300 motros_clear
spaco arcund the antomnas, and distent from sourcos of electricel. intexferences,
powor lines snd communications lines,

D, - Apparstus for collvcting and enalysing radigactive dobris

The apparatus for collecting cnd analysing ra&ioactiVO debris shonld

includes

1

(1} A largs filtering installation with a through-put ccpacity of
2z 104 cubic metres of air over 10 ~ 24 hours, mnd which is usod on & 24~hour
basis; _ _

(2) Equipment for eollocting radiocactive depositions -~ a surface

with ebout 100 square netres aren should be used, During dry vesther, the
surfece can be woshed down to zoliect dry fallout;
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{3) ‘A laboratory for simple radiochen cal analysis.

Apparatus should be located in open areas, preferably on high ground,
with high precipitation frequeney., Apparatus should not be located in sut-off,
valleyd or near regions with high natural background,

E, Apparatus installed on sircraft for collecting rediocactive debris
and deteoction of a radiocactive cloud,

) (1) 4 filtering instaellation for alroraft should provide for the
collection of the maximum guantity of the products of radiosctive decay, the rate
of filtering being about 3500 cubic metres am hour,

(2) The aireraft ubilized for the collection of radicective debris
ahould heve equipment for the comparatively fast determination of the presence
of fresh radioactive debris.
{3) A emall radiochemical 1aborator§-will be located ab each base for
routine sireraft sempling flights, |
Airorafh flights over ocean arsas should be laid out as nearly as
possible in approximately e north-south direction, and located near the sides of
tha'major continents, e well ae in the cenbre of oceans remoie from.§ontinentsb
5, All the apparatus of the control posts should be designed for reliable
continyous operation,
6. Improved apparatus and techniques should be actively developed and
expeditiously incorporated intec the control system for the purpose of\continunmwﬂ;

improving the effectivenssa for the.detection snd.identification-of-nhelesy
axplosions,
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IV, CONCEUSIUNG UN » CUNIROL SYSTwdi FUr DuiECTING
VIVLGELUNS OF 4 PUSSIBLE AGRaLENT ON THS
SUBRINGTUN OF NUCLuaR 10.5TS

The Conferonso of dXxperte, having considered a control system for detecting
violations of & pos<ible mgreement on (he suspension of nuclear tests, has come
to the eomclusion that the methods for dstecting nuelear. explosicns available at
the uaéen‘b time, viz. th"a mubhod of sellecting semples of radicactive debris,
the methods of regording ssiemic, acocustlc, and hydroacoustic waves, and the
radio-gignel method, along with the use of on-sito inspocticn of wildontirisd
ovente which could be suspected of boing muclear explosiona, make it possible o
detect and ldentify mmeleer explosions, iﬁcluding low yisld explosicns (1-5 ki).
The Conference hes therefore come to the comelusion that it is technically
feasible to ostablish with the capabilities and limitations indicated below, &
workable and offeotive cmirol systen to detect vidlations of an egroement on
the worldwide suspension of muclear weapons teosts. _

The Conferencs of Experts has cme to the following conclusions regarding
such & system: | — | | A

1. The control system should be under the direetion of en international
conirol organ which would ensure the coordination of the activities of the’ conbrol
system in such & way that the system would satisfy the following technical
reguirenents and perform the funstions involved: -

{2) The development, vesting, and acceptance of the measuring apperatus
and ¢f the squipment, and steting the eriteria for the siting of the sontrol
posts; i '

{v] Carrying cut ot ‘the control posts and on aireraft, memticned in ltems
3 and & of {he present Comclusicoms, of contimwous and effective cbservetions for
bhy paonomens wiieh make 3t possible to deteot nuclear axplcuaz:!.c\mi by the use of
the mutheds recommended by the Conference; )

(¢! Reiiedle communicaticn, with the aid of existing ohanncls where they
are auitéble‘far this purpose, between the interratl onal control orzen on the one
hand awd, on the osther hand, the coatrol posts and the bases from which the
regular ailrcraft filights are carrisd cut; communicatiens and transportation
should ensure the speedy transmission of the results of obéervations, of datn
(1nclud}ng‘samples] ; of reports, and of necessary suppliles; ‘




English
Page 21

) () Means of transport of personmel of the comtrol posts in accofdance with
thelr duties and, so far as necessary, for the staff of the internatioﬁal control
organ; |

{e) Timely analysis and processing of the data frrcm the observations of the
ontrol posts with the aim of spsedily identifying ‘events which could be suspecved
X being nuclear ezploslons, and in order to be abls to report thereon in such
-gnnar. as is crngidered by govermments to be appropriate;
: (£) Timely inspectinn of unidentified ovenmbs which could be suspected of

: ue’ing nuelear explosi-ns, in accordance with item & of the present Conclusions;

(¢) Steffing of the control system {the network of control posts on land,

" on ships, and on alrcraft, and mlso the staff of the internaticmnl control crgen)
with qualified persommel having apprapriaste fields of specializatinnm;

{(h) Providing assistance in puttipg into effesct & scientifiec research
program, with the aim of raising the sclentifie stundard of the system,

2. A network of control posts is charaeterized by three main peransters:

(2) The minimum yield adopted for the nuelear explosion or the natural
' events glving equivalent signels;
| (b} The number of control posts;

(¢} The probability of correet identification of natural events,
rarticularly sarthquakes.

The dependence between thess parameters is such that with an inerease in the
yield of the explosicn or the pumber of control poste the prebabilitvy of detection
and identification ineromses, and the numbor of unidentified events suapgctad of
being a nuclear explosion decreases. 0Un the cther hand, for the identification of
the inereased number of unidentifiéd events resulting from & smeller numbsr of
gsontrol posts it would be nepessary to inerease the number of on-site inspections
or to make greater use of information coming from sources not subordin&te to the
Laers stleral erwirol vrpaner, 12 nocussary, both,

The Oonference ccnsiders that the problem of detecting and ldentifying
undergzround explosions is one of the most difficult, and that, to a large extont,
it deturminoes the characteristics of the network of control posts. |

3. The network of control posts would inclﬁde from 160 to 170 land-based
eontrol posts (equipped in accordance with Section IIT of this report) and abouy

! 10 ships. Of these 16U-170 control posts about 10U-110 would be situated in
!
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continents, 20 on large oceanic islands, and 40 on smell ogeanle islands;
however, the cxact number of comtrol posts within the limits indicated above, {
can be determined only in the process of actually disposing them cround the globe
taking into accdun£ the presénoe of noise at the eites at whiech thsy sre loocated,
apd other circumstances. ‘

The spacing between the coumtrel posts in continentai aselsmie areas woul
be about L1700 kilomotrys, and in selsiile arets about 1UOU kilometres. The
spacing betwson the centrol pcéﬁs in' ceean areas would vary between 2000 and
more than 3500 kilometros; the speaeing between island combrol posﬁs in selsmlc
arsas would be about 1UOU kilomstroes, This‘would lead teo the following
aﬁproximate distrivution of eontrol posts over the globe (with a network
including 110 continental posts)

North America - 24, HEurops ~ 6, Asla - 9 Australia - 7, South.America = 1B,
Africe - 16, Antaretica - 4; together with 6U control posts on iglands and
about lu sunips.

4, The tasks of the perscnnel of the control posts would include the
ensuring of the normal funeticning of apparatus, the preliminary processing of
date received, aﬁd the forwarding of these date to the intsrnationmal control
6rgan and t0 the govermment of the country on whose territory the control post
is located in such 2 manner as méy be considersd appropriate by gcvernmenté.

In order t¢ carry out the tasks required cne might need for esch control
post about 30 parscns with various qualifications and fields of speecializaticm,
and also smme persons for the auxiliary servieing staff, |

5. In addition to the basic network deseribed, air sampling would be
accnmplisheq by aireraft carrylng out régular flights along north-scuth routes
over the ocosns aleng the peripheries of the Atlantic and Faeific Ucems, and
also over afaas'df the ccoans which ars remote from surfaco ccntrol posts.

| When it is:necessary t0 investigate whether a redioactive cloud is present,
in'the case of detection of an unidantifie& event which could be suspocted of
being a nnclear explosicn, gpecial aircrnft flights would be organized in order
to collect samples cf radioactive debris in accordanss with Seetion IX Bl 10,

6, When tho e~ntrol posts detdet an event which cannot be idontified by
the internaticnal control organ and which could be suspected of being‘& nuclear
explosion, the internaticmal control organ can send an inspection group to the
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site of this event in order to determine whether a nuclear explosion had taken
place or not. The group would be provided with equipment and apparatus
appropriate to its task in each case, The inspection group would forward a
report on the investigation it had carried out to the international control organ,
and to the govermment of the country on the territory of which the investigation
was made in such a manner as may be considered.apprrpriate by governmenta.

7. The network of ccnbtrol posts disposed as dsscribed, together wilth the
use of airsraft as doscribed, would heve the following effectiveness, subject to
the quelificati-ns discussed in items 8 and 9:

(a) Good probability of doteeting and ldentlifying nuclesr explosions of
yields down to about 1 kilotem, taking place m the surface of the earth and up
to 10 kilometro altitude, and good probability of detecting, but not always of
ident if'ying, expldsions taking plece at altitudes from 10 t¢ 50 kilometro. In
these cages 'bhe' independent methods enumerated in Seotions IT 4, II B end II D
would be used. '

(b} Gecod probebility of detecting nuclear explosions of 1 kiloton yield
se¢t off deep in the opon ocean, In this case use would be made of the indapendent
hydroacoustic and soismic muthods described in wections 1II A and IT G,

b The identification of underwater explosirms can, in camparatively rare
cegeg, be made more difficult by natural events which give siuilar hydrocacoustlc
and selsmic signals,

(¢) Good probability of recording seismic signals from deep undergrcund
nuclear explosicns in continents equivalent to 1 kilotom and above. In this
case use would be mede of the seismic method deseribed in Secticn II C.

The‘ problem of identifying deep underground expleosims is emsidered in
item 8,

8. Alcng with the observation of signals of possible underground .

" explosions the control posts would record at the same time & cmsiderable number
of similar signels from natural earthquekes, Although, with the present state
of knowledze and technigues, the network of omtrol posts would be unable to
distingulsh the signals from undergrdund explosicns from those of some
garthquakes, it could ldentify as being of natural origin about 20 per cent of
the continental earthquaioes , whose signals are equival«-m‘.:'. t0 5 kiloten, and a
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small percentage of cmbinentel earthquakes equivalent to 1 kiloton*.

It has becn estimated on the hasis of existing data that the number of
sarthquakes which would be undistinguisheble on the basis of thoeir seismie
signals fram deep underground nuclear explosirns of about 5 kiloton yield cauld
be in continental areas from 20 to 1U0 & year. Those unidentificd events which
cculd be suspected of being nueclear explosi~ns would be inépacted as described in
item 6.

The capability'of the contrcl system to identify undarground nueloor
explosioms of 1-5 kiloton yisld dupends on:

() The small fraction of carthquakes that can be identificd on tho bagis
of data obbtained from the crmtrol posts alone; .

(b) The fraction of carthquakes thet can be identified with the eid of
supplementary data obtained from existing seismic stations; and

{e} The fraction of events still left unide;tified which could bs suspected
of being nudlaan gxplosicns and for whieh the internaticral eontrol argen carriea-
cut inspestion in accordance with item 6.

Although tho ¢ontrol system would have great difticulty'in obtaining positive .
identification of a cerefully concezled deep undergroﬁnd nuelear oxplaail-n, thore
would alweye be & possivility of deteeticn of such a violation by inspectimn.

The on-site inspection carried nut by the internabirnnl emmtrol orgon in
accordance with item 6 wruld be able to identify with gond probability underwater
nuclear explesions with a yileld of 1 kiloton and above, )

9. The Ccnference notes that in certain special cascs the cap:‘.bilityl ~f
detecting nuclear explosincns would be reduced; for instancs, when cXplosi~ns are
set off in those arsas of the ooeaﬁ where the number of control pests is small

§

* The Confersnee notes that in erder to inersase the pereentege of earthquakes
of less than 5 kiloton yleld which could be identified, it would be
appropriate to supploment the deta from the sontrol posts by trustworthy
tate from the best existing seismic stations. The results of the obserwvations
of theso selsmic stotions should, for this purpose, be made available %o the
international control ergan, and the sguipment of the selsmic stations
suitable for this purpose could be improved by using the besgt modern apporatus.
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and the meteorclogical conditimms are unfavorable; in the case of shallow
underground explcsisns; when explosicns are set off rn'islands in seismic
regicns; and in scme other cases when the explosion is carefully concealed.
In scme cases it would be imprssible to dotermine exaotly the erea in which a
nuclear explosion that had been detooted ook place.

However, the Conference considers that whetever the precautionary measures
adopted by o violator he could not be gudranteed against exposure, particularly
if acccunt is talken cf the carrying out of inspuction at the site of the suspsscted
explosion, :

1U. The system described does nct include specifie modns to detoet and
ident ify nuclear explosi~ns at high anltitudes (above 30-50 kilometres). The
Crnference has formulated its findings on the methods of detecting nuclear
explisi~ns sat off at altitudes greater than 30-50 kilometros and hea
characterized these methods in Seetinn IT I,

11, hs Crnforencs of Experts rocommends the c-nbrel system described nbove
for econsiderati-n by governments.
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ANNEX I

CONCLUSIONS AS TO THE APPLICABILITY OF THE METHOD. OF
RECORDING ACOUSTIC WAVES FOR THE DETECTION OF NUCLEAR EXPLOSIONS

The Oonference mf Erporss examined tho. process of propagation of the
ssoustic waves caused by nuclear explosions and the methods of rocording
these waves with the aim of determining the possibility of using them fox
detecting nueclesr explosiana.-

The Conference came to the following conclusions:

1. When there are explosinna in air, a strong air acoustic wave is formed
which propagetes over large distances. An indication of the amplitude of the
eir preasure wave is given by a formula whieh 1s approximetely valid for a
homngeneous atmosphere and according to which this amplitude is proportional
to the ocube root of the yield and inveraely proportiﬂnal to the distence.
'waavar, the amplitude of this acoustic wave 18 strongly dspendent upon
metenrclogical conditions end cannot be prodicted accurately by & simple
formule of such a kind, The observed amplitude in certain caaeé ean bo five
times larger nr smaller than that predicted by e fermulation which includes
only the energy release and the distance to detecting stetion,

2. Existing apparatus of specilsl design ven detect the aix wave from a
one kiloton explosion in the air above local backeround noise at relatively
large distancea.

The detection capability of a2 singls station is strongly depondent upon
the orientation of the propagation'path to the station with respect to the
upper winds, When the upper winds are meinly in one direction, a one
kiloton explosinn can be detected with a high degrece of confidonce downwind
at e distence of 2,000 to 3,000 kilometres and upwind at a distence of
500 Kilometres. Whon the upper winds are erratic and the average wind
is small, suoch as frequently happens in the spring and fall, detection
ef a one kiloton explosion can be accomplished with a similer degree
ef confidence to a distance of appfo;imaﬁel? 1,300 kilometres independenily

i
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of tho dirvetion, - On the bagis of $he rocords from threo stutions,
bat looation of ‘tht explosion easn. be dctormined with an zocurney of better
than 100 kilometres,---

3, The =coustic epperatus at contrel posts at the abeve dlstances
from an explosion can detect explosions which ecour between the surface and
a height of 30 kilcmetres, A Teasonable extrapolation of exiasting
experience indicates thet for explosions taking place up to an altitude of
about 5O kilﬁmstres there should not be a great change in the detectablility
of the acoustic wave, Whether a substantial acoustic wave will be
gonerated at higher altitudes is not well kmown from direct experiment or
from any theoretical considsrations so far discussed, Desp underground and
underwater explosions do not produce air waves sufficiently intense for
detection purposes,

An underwater explosion in the oceans generates very strong
underwater sound weves (hydmacoustis), which even in the case ef small
explosions can be detected at distences of about 10,000 kilemetres.

"4, Acoustic weves which resembls in cortein cases the acoustie signals
of muclear explosions may be produced by natural events (primarily'mateoric,
voleanie e¢r submarine diaturbagcea). In such cases the identification of
the event as ngtural or as a nuclegr explosion must be based on a comparisen
af scoustie date with those obtained by aid of other metheds,

$. The Conference or-Experts recommends the ineclusion of methods for
the resording of accustic, air and hydro-seoustic ®aves inm tho list of
the basic methods for the detection of muclear explosions with the aid of
a netwerk of control pests. The Confercnce notes that mbthadg
of reonfﬁing of prossure waves maey be further improved to increase the
preeision and the sensitivity, and to eliminate background ncige and
Bpurioué signals,
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ANNEX IT

\ GONULUSIONS AS TO THE APPLICABILITY OF THE METHOD (F USING RADIOACTIVE
-DEBRIS FOR DETECTING AND SUBSEQUENTLY IDENTTFYING NUCLF.R . RYPLOSIONS

The Conference of Experts has sbudied the proecess of e dudyamination of
radiocactive débris reéulting from a nuclear explosion and hag considered the
collection of samples of radiocactive débris and 1ts analysis as one of the
methods for detecting and subsequently idontifying nuole-r cxplosions, The
Conferonec hns come to the followlng conelusions:

1. When an explosion oceurs a considerable quantity of radioactive débris
is produced, If the explosion is based on a fission reaction then this quentity
amounts to 3 x 1(?J.Ei curises per 1 kI' T,N,T, equivalant of the enexrgy of the ‘
explosion s of one hour after the reaction, Thermonuclear reactions will' lead
to the formation of Carbon 14, Tritium, and other radiocactive substances which
result from neutron irresdiation and which, in principle, ean also be used %o
detect an explosion,

L ‘2,  When nuclear explosions oceur between the earthts surface and e

‘: height of approximately ten kilometres the radiosctive débris is thrown imto

‘the atmosphers where it is carried by winds to great distances, The cencentration
of this radioactive débris is greatly influenced by the vertical and horizontal
distribution of the wind in the troposphere and in the lower layers- Oﬁwm
The concentration 1s ulso decreased as a conseguense of washing -out by rain and

grevitational deposition.

3, The dia’oribution by height of the radiocactive débris cerried in the
atmsphare will depend in the first place on the energy of the explosion, on the
conditions in which the explosion took place (i.e. on the earth, under the earth,
or in the eir) and on the meteorologleal conditions at the moment of explosion,
In the case of im,-t‘ energy explosions in the air up to a height of approximately

L]

» EXP/NUC/18/Rev,l ie in Russion only.
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ten kilometres the radiocactive débris will initially concentrate in a small
volume bslow the tropopauss, This débris will graduelly est ﬁisseminated both
horizontelly end vertically in the troposphere omd in the course of a period of
from one to thirty days (depemding on the tui'buleﬁce of the atmosphere, the wind
a'truc'bure, and the dimensions of the particlss which carry the radicactive
substafiess) 1t can be detected close to the earth's surface, 8s also ot various
heights up to the tropopause,

4, The spree;ding of the olowd in the atmosphere is determined by many
meteorologlieal procesées. As a result of the aetion of these processes the
cloud is bound to remech & sbage when it 1s mized in a vertical direction and
spread in e horizontael direction im such a wey as to afford the most convenient
conditions for taking sawples,

Calculetions and experimental data give ground for considering that this
stage will be reached in the period between the £ifth and twentieth dey of the
existense of the oloud, Before that period the eloud may ﬁe too small, both
in i%s horizontal and its vertical extemt, - After thirty deys have expired a
considerable part of the radicactive débris will decay ond a sample will
constitute a lesser proportion of the natural or other background, thereby making.
more diffioult the detection and identification of an ai‘plosion. -t

5, ZExisting radlochemical techniques meke it possible to detect and
identify fresh decey products in a sample of radiocactive débris containing about
108 ‘:E'issibna. The time of origin of this fresh débris oan be determined within
five to ten par cent of its age if the gample contains about 1010 fissions and
is not contaminated to any considerable extent by old fission products.

6, The taking of samples on the surface of the sarth by a network of
control posts mekes it possible to cerry out continual monitoring of the
contamination of the air at many separate points by means of air filtration amd
also by collecting radiosetive fallout and fallout in rain, If control posts
are disposed at distances of the order of 2,000 - 3,000 kilometres then an
explosion with an energy of 1 kT set off in the troposphere (0 - 10 kilometres
above the surfece of the earth) will be detected with a high degroe of roliabllity
in the Perig'r‘l of five to twonty days although the place of explosion caunot be
oxactly determined med although the time of explosion will be determined with
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some error, Calewlotion shows thet with favourable meteorologleal conditions
an explosion of even lesser energy can be datectaﬂ in this way.

In the oourse of the period of time of from two to five days nfter an
3axplosion of energy oquivalent to 1 kT the solleciion of & sample of radioactive
'débris from the explosion which is sultable for analysis can be effected in the

air by an.airoraft if the area of the supposed location of the eloud is knovm
-approxiﬁataly. The toking of such a sample will mske i1t possible to establish
approximately the point of the explobion by means of using meteorological data for
back~trocking the trajectory of movement of the eloud,

7o TUnderground or underwater explosions set off at shallow depths and
accompanied by the throwing up of serth or water can also be identified by
the method of collecting redicactive samples although with lesser reliability
than for explosions of the seme energy in the troposphere.

'8+, The Gonference of Experts considers that systematic measurements of
radioactive substanoes in the air and also the collsciion of radiomective aerosols
deposited on the ground end messurements of the radiocactivity of precipitation cam

‘Ba sucoessfully used for the dstestion of nuclear oxplosions and also, in many
cases, for assessing cocrbaln parameters relating to them even in the absence of
| other indications, and it recommends the inclusion of the method of collesting
1"—m.::q;q.af.;_ of radicactive débris in the number of basic methods for detecting and
identification of nuelear explosions by e netwerk of control posts.

The Conferenee of Experts reccmmends the utilizetion for a regular control
service, as a method for deteoting nuelear explosions, of the taking of samples
of the air by aireraft over ocsana, ~ For this purpose use should be mede of
exlsting aireraft flights over the oceans which are carried out by verious
sountries for the purpcses of meteoroclogical observations. : )

9, The Gonference of Bxperts considers that the method of taking samples
of radiomctive débris cen also:be used succegsfully for subsaqupnt investigation
of the fact of a nuelear explosion in those cases when there ers appropriate
indications from other methods.,

For this purpose it is possible to use the detection of radioactive gébris
remaining at the point of the supposed explosion (on the earthfs surface, under
the earth, in the water) and also the determination of the presence of a radicactive

b
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dloua in the pefioti between two and five days hf‘ber a supposed' axplosion in .
‘the afméspheré in the area whereé the-:‘nlcu_d 1s celoulated to be by the time
of investigation, '

In such a oase search for the radicaetive aeloud can be mada on an a.irora.ﬂ;
hoving eguipment for the taking of a sample of radiocactive aébriso To this
end use should be made chisfly of the airoraft flights over the ocsceans made
for the purposes of meteorological obaemtiona.

10. In same cages uge .ean be made of aireraft flights over the territories
ot tha USA the USSR, the UK and other oountries o collect air samples for the
:purpose of checking on data obtained by other mothods of detaetion of nueleex .
oxplosions,

The Experts congider that to aceomplish this task it would be quite
sufficient to make use of the aireraft of the country being overflown end that
in such cases 1t is suffiniant that flights for the purpose lpeoiﬂad should be
mado along routes 1aid down :l.n advanue. quresentatives of the USSR, the U84,
the UK or other Statos participating in the operation of the ooqtr_ol gyston may
be on board these aireraft in the oapaéity of observers, |

1l, The Bxperts note that in the ocourse of times the sensitivity and ,
effisiency of the method of eollesting radionctive débris will 1ncrease, as a
consscquonce of the atmosphere bescming oleared of the radionetive produsts it
oontaings, as also s a result of the perfostion of the toehniques for sollesting
end analysing semples.

L
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ANNEX IIX

CONCLUSIONS AS 70 THE APPLICABILITY OF THE METHOD OF RECORDING
SEISMIC .__mms FOR THE DETECTION OF NUCIEAR EXPIOSIONS

The Conference has comsidered the proceséas of propagation of seismic waves
gonerated by nuolear cxplosions and the methods for recording these waves for the
purpose of determining the possibility of'using them for the d,ataation'of
underground and underwater nuelear explosions. The Conforcnce has come 0 the
following oroncluaions: ; :

1, When nuclear explosions ocour under tho ground or under the wator,
longitudinnl, transverse and surface waves are formed and get propagated to groat
distances, .The first longitudinal wove is the most important, both for detecting
‘an explosion and for determining the place of the explosion, and.also for
distinguishing an emrthquake from explosions, Transverse and surface waves also
holp to define the nature of a seismic perturbation, _

2, Iongitudinal seismic woves caused by underground nuclear explosions seb

.’ off under conditione analogous %o those in which the Ralnier*® ghot occurred can be

: detocted and the Alrection of Pirst motlon of the longitudinal wave con be detormined

! 2t a distance of approximately 1,000 kilometres, and algo at distances of

‘ approximately 2,000-3,000 kilometres at sites which are considerably more quiet than
the overage for:

(a) Bxplosions of the order of one kiloton recorded during poriods of

favourable ncise conditicns

(b) Explosions of the order of five kilotons recorded during periods of

unfavourable noise eonditions,

Tt must be noted that all seismlc stabions situated at thousands of kilometres
from one another cennot have an idénti'oally nigh or identically low level of
background at one and tho seme time, |

*  EXP/NUC/19/Rev.l is in Russian only,
** The underground nuclear explosion "Rainier" with an energy of 1.7 kilotons
© (Novada) was set off in unfavourablc conditions for transferring energy o the
ground, However, even worse conditions of coupling are possible.
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3. Conditions for detection and identification of underwater explosions
gset off in shallow water but at a sufficlent depth, are considerably wores
favourable than conditions for detectling underground explosions.

4, Control posts carrying out seismic observations shoyld be put at sites ‘
with a minimal level of microseismie background, such as are possible in intarnalf
continental reglons., Such stations, when provided with arrays of suilsmosrrphs,
can onsure the obtaining of the data indicated above. However, at stations
'which.are in unfavourable regions such ag co:stal ané island regions the noise
level will be higher than at-quiet_statioﬁs inside continents. In these cases
for detection and determination of the sign of first mwtlom thoe oncrgy 7 tho
explosion must inerease in the ratio of the power of 3/2 with respect to the
increage of background level, This is.in pért compensated by the fact that
quiet gtations inside continents will rucord wmors poworful ox-losions ot
distances of from 2,000 to 3,500 kilomstres, Bursts with un encrgy of 5 kilotons
&#nd morc will be dotoctud by qulot st tions pliced ut the distnncos nimed.

" 6. The mejority of earthquakes can be distinguished from explosions with
g high degree of reliability if the direetion of first motion of the lomgitudinal
wave is olearly recorded at 5 or more scvisnie stubions om verious benrings
from the épicentrs. Thus not less than 90 per cent of all earthquakes taking i
place in continents can be identified. The remaining 10 per cent or less of {
cases will require the analysis of additional seismogreams where this is . ;
rossible; and for this purpose use must slso be made of the data of the
exiasting network of seismic‘stations. If required, these auppismantary
stations ghould be further equipped with improvsed apparatus, In relatively
aseismic areas it is sufficlent merely to define the position of the epicentrs.
In this'eonnaxion cases of detection of solsmic ovents will be ragafded es
suspicious and will Tequire further investigation with the help of other
methods, For those ecases which remein unideﬁtified inspection of the reglon
will be necessary. '

VIn roglons where the regular disposition of seismic stations in guiet
conditions is not possible, the percentage of correct ideatification of
earthquakes will be lsss, o

With modern methods and meking use of ths data of seversl surrounding
selsmic stations the ares witﬁin whieh an epicentre is localized can be
agsessed as approxXimately 100-200 sguers kilomstres.
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6. The Conference of Experts recommends the inclusion of the nothod of
r.uocrdmg golsmlic waves in the number of basic methods for detscting muclear
explosions with the hslp of a network of ceontrol posts. The Conference notes
that tﬁe.range and aecufacy of recording and identifying underground nuclear
ex91051on§.dan be improved in the future by means of perfecting the methods of
recording selsmic waves, both by way of perfecting apperatus and also by way
of ﬁerfeoting the methods for differentiating en earthquake from explosions,
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ANNEX IV

CONCLUSIONS AS TO THE APPLICABILITY Oﬁ‘ RECORDING OF RADIO
SIGNALS FOR THE DETECTION OF NUCLEAR EXPILOSIONS

The Conference of Experts congsidersd the gencration and proyagétion of
radio pulses originating from a nuclear expiosion and the methods of recording
tleso slgnnds in crdor to dubermine the possibility of using thom
for thu dotectlon of muclear explosions, The Conference cems to the following
conclusioné:

1. In the cage of a nuelear explosion in the atmosphere, there arises
‘a powerful electromagentic radiation {radio signol), caused by the gamme
radiation aceompanying the explosion. In the case of underground, underwater,
or speoi@lly shielded explosions radio emissions ore nqi‘-.-expected which con be
recorded abt great dlstances by modern techniques, | .

When the explosion 1s carried out on or above the surfase of the earth
(water) and without specially cons*i';ructed loyers to absorb gammn rays, the _
energy and gpeotral distribution of the radio signal are sueh that its ossential
components are propegnbed over the whole terrestrial globe, The strength of
tha redlo_signal depends-—upon certain features of the construction of the bomb
oand on the ultitude of the explosion. An explosion of 1 kiloton yleld can be
detected by means of radio signals-af-distancesexceeding 6,000 km assuming
thot in the neighbourhood of the receiving station thore ls no high noise level
from loeal thunderstorms or other sources.

By radio direction finding methods, it is possible to determine tha_
azimath of the signal source with an nceursey of about 2°, 1.e,, about 30 km
at a distonce of 1,000 Jm, The time of production of the eignal may be
ostablished with an accuracy of several millisceonds, The attainmem. of suc_h
ancouracy depends on the choice of sufficient-ly flat locabion and on the sbsence
of electrical interference at the recelving sitc.
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Le Ligﬁtning flashes emlt radlo signals in the same freguency range and
act as-inﬁerfarenca_for the method of detestion of & nuelear explosion by means
of its radio signcl, .

Close to the source of radiation, the forms of radio signals from 1igh$ning,
und-fram nuelear oxplosions exumined to date are quite different, However, at
distances excceding 1,000 kilometres, due o the‘distortion of tho form of radio
signols in tho weve guide formed by the earth and the ilonosphers, the form of
radio signals from some individual lightning flashes is similar to the signal
from nuclear explosions, The number of signals from lightning flashes rocorded
by apparatus without using special techniques of signnl selcction dependse on the
sonsitivity of the apparatus and on the locality, ond can amount to from ten to
several hundrad gignals per gecond, IExisting teaﬁniques cen bo applied to
oxclude automatically the preponderant majority of signals from lightning. The
istinetion of the remdining signals due to atmosphérias from those due to
nuelear axplosionb requires the applidation of specigl'methods'of diserimination,
ineluding eriteria on form of signal, spectral distribution and distanco to
source of radiation. | ! |

In the prosent state of tho tochnique of the discrimination of signals
in some individﬁa; coses the record of o signal carnot be identified cither os
coming from o nuglear,ozplosioh or from lightning.

3. The Conference of Experts rocommends that further reacarch should be
carricd out in ordesr to understand more fully the physical proporties of
atmospherles involved in differeﬁtiuting signnls.from nuclear explosiona and
atmospheries, by moans of the dovelopmont of tho theory of this problem, tho
collection and systamotization of data about atmospheries and the dovelopmont
of suitable automatis instruments. The Conference considers that thsre are
good prospects for improvament of procedures of signal discriminution.

4. Theorstieal considerations suggest that recording of radio signalsg
con bo used to detect nuelenr explosions occurring at altitudes up to the ozxdor
of 1,000 kilometres.

5, The Conferente of BExperts reeommends the inelusion of rocording of
radlo signols among the mothods of detecting nuclear explosions.
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ANNEX V

CONCLUSIONS AS TO THE METHODS OF DETECTION OF NUCIEAR EXPLOSIONS CARRIED
OUT AT HIGH ALTITUDE (MORE THAN 30 TO 50 KM) ABOVE THE EARTH

The Conference of Experts has glven theoretical eonsideration to the gauma
radiabion and veubrons resulting from & nuclear explosion and the comditions of
resording them from earth satellites; and to optical phenomena and ionization -

of the air in the upper layers of the atmosphere in the case of_ a h:!.gh

altitude explosion (altitudes above 30 -~ 50 km) and has arrived et the
following conclusions: .

1, A kilobton miclear explosion produces at its source delayed garma-rays from
fission products, and prompt gommo-raye and neutrons, The number of prompt
gamma~rays and neutrons depends upon the comstruction of the deviee and upon the
materials..surroupnding it, The delayed gamma-rays are insignificantly affected
by these factors, A‘o a distance of 104 kilomstres in vacuo ~typieal-quantitics
of radiation from a one kiloton fission explosion are:

(a) Deleyed gamma-reys

104' qu&nta/cma during the first eeocond
(b) Prompt gemma-Tays* ‘
:I.o2 quunta/cmz
distributed over a time of aboub 1077 see.
(e) Neutrons
10* neutrons/ om®
digtributed over a time of a few seconds.
Thée cosmie background at the helght at which earth satellites orbit is under
study at the present time, attention being pald to i;he gquantity, nature and
energy of the particles; however, on the basis of preliminary data, it cen be
wonsidered that the de-i:-ac't'.io-n of an explosion from an earth gatellite is '
possible, by means of revording the gemma-roys accompanying the nuclear

-

% Special shielding of the exploding deviee can sonsiderably reduce the
gama-yadietion sccompanying the reaction, but cannot reduce the _I_'adia'bion
fzem fission products, - However, sucht shielding involves increasing by
several times the weight of the whole device,
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roaction, neglecting shielding, and alse by means of Toedrding tho grmn

rays of the fission produects and the neutrons, If both prempt camme rays and
neutrons are roocrded, it is pogatble to gub amo idon of tho distimeo Bo tho
explosian. The use of gamwe-rays from o nuclear explosion will make it
possible to detset the explosion in cosmic space at a Alstance of the order of
hundreds of thousands of kilometres from the earth, Hstimate of the meximum
distence for the detection requifes data concerning tho magnitude of the cosmic
rediation at the orbit of the earth satellite. If thore ls an explosion at a
height'or‘aﬂ - 50 km and ebova, end if the height at which the earth satellite
orblts 1s somo thousands of kilometres, ong can neslect the absorption of zZomma
quenta in the upper layers of the atmoéphare. The Conference of Experts

_considers that it is possible to use for the detection of nuclear explosions

at high altitudes the rugording of gmmin redlution and noutrons with
properly instrumented earth satellites.

2. 1In the case of an explosion at & great helght light will be emitted at
the point of the explosion and there will be luminescence in the uppor layers
of the atmosphere under the action of X-rays and fast atome from the materials
iﬁ the device. Light phanomana_may be detectable from the surface of the earth
in elsar weathor et night with the help of simple apparatus; in day time with
the help of more sensitive appsrastus., In cldudy westher the deteotion of
optical phenomenz from stations on the earth's surface would probably be
extremely difficult. -

The rﬁdiation froﬁ 8 nuclear explosion‘ereates in the upper layers of the
afmosphere a region‘orlincreased ionizetion which 1s detectable by the
abasorption of cosmic radio-signals or by anomslies in the propacation of radio
waves,

Our knowledge of thc absorption of cosmic noise by ionospheric phenomens is
not ‘sufficient to determine the number of netural events similer to those

Tesulting from a nuclsar explosion,

The Confervnce of Expurbts considers that it is possiblo tu uso thu rueording
of ionospherie phenumonn, using appropriate ralio tuehniqu.s, and of optlecl
phonomesn for tho debeebdlon of nuelurr ozplosioms nt high altitudes,

3, The Conferencc of Experts hes not considered tho problem of the
detéction or'nuclear explosiens which might be conducted in cosmic space at
distances of millions of kilometres from the sarth,
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ANNEX VI

CONCLUSIONS 48 TO THE QUESTION OF THE TECHNICAL EQUIFMENT OF THE CONTROL
SYSTEM FOR THE DETECTION AMD IDENTIFICATION OF NUCLEAR EXPIOSIONS

The Conference of Exports has considered the questions related to the
teshnical oquiyment of a control net intended to deteet and identiry nuclear
explosions;

The Confeoreonce has ccme o the followlng conclusions:

1, The posts of tho éontrol net situated in continonte should regularly
be equipped with ayparatus,for the dotection of explosions by tho aconstic and
geismic mothods and nlso by the methods of recording rodio signels and of
collcoting radiocactive debris, ..

2. QCertoin posts situated on islands or near the shores of coceans should
bo eqguipped, in addition to the metheds just mantionnd with apparatua Tox
hydroneoustic detection of sxplosions,

3, Posts located on ships stationed or drifting wiﬁhin gpecified ocoan
arens should be equipped ﬁith apporotus for the detection of oxplosions by the
method of collecting radiomctive debris and by the hydroacoustie method. The
method of recording redio signals and the acoustic method might also be used
on ships if suitable oquipment is developed, bub the‘affactiveness of these two
methods, particularly the aéoustic one, will be considerably less than on land,

4. 'The apparntus installed at posts of the control notwork must be uniform
2nd must satisfy the following basic technieal requircments:

| A, Seismic mpparatus
-The selsmic apparatus qflthe control post should include:

(1) Approximately lﬁfSHth-period vertiocal seismographs dispersed
over o distenee of 1,5 - 3 kilometres and conneoted to the recor@ing syatém by
lines of eable, The seisﬁographs should have a maximum mognifieation of the
order of 106 at a frequency of 1 ¢.p.s., and a receiving band odequate %o
reproduce the characteristic form cf the geismic signal;

(2) 2 horizonbal seismographs with the parometers indicated in poinﬁ(i

(3) One throe-component installation of long=-period seismographs
hoving & broed receiving band and a constant mggnification of tho order of

103 - 2 X 103 in the period roange 1 - 10 seconds;
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(4} One thros-componeni installation of seismographs with o narrow
rocelving band and magnification of the order of 3 x 104 when T = 2 .. 2.5
gseconds;

(5) At certunin posts one three-component installation of long-
period seismographs with megnification of the order of 104 -2 X 104 at wmeriods
of T = 25 soconds; |

(6) .wxiliary equipmont necessary in order to got procise records
of the seismic signal; recordin: doviess, ehromowchors, powcr supply uaits
end apparatus for recelving cutomntic redio-signals giving corrsct time.

The seismic apparatus should bo installed in places with a minimel level of
micro~seismic background, away from industrisl areas, snd on outerops of bodrock
(whers possible)., The seismogreophs should be installed in suiteble vaults,

_ The aree roquiret for instelling the selismic apparatus should be about
3 £ 3 kilomstres,
B. ggousﬁwnaratus

(1) The infra-acoustic equipment for a control post should ineludo
not less than three sets of microbarograﬁhic units each of which should hovos
a gystem for averaginz out turbulent noise, a pressure sensing unit, =
tranamission line end apvropricte electronic amplifiers end aubomatic writing

instruments;

(2) The sensitivity of the microbarographic statinns must ensure
recording of acoustie signnls in the purled rance 0.5 - 40 seconds, with an
amplitude of 0,1 dynes por qm?;

(3) The pressure sensing units of the mierobaropraphs should be
dlsporsed st about 10 kilometres from onc another in order to determins the
direction of arrival of ths acoustic signal and the speed of propagation of the
signal;

(4) The hydroacoustic apparatus for a post, which is recommended
for use only in oceanic zones, should include several hydrophones placed in the
main submarine sound channel,

The hydrophones should be comnected with the recording strtion oa the coast
by cables,  Recordings of the hydiroscoustic signal should be mede in several
frogueney sub-renges, covering s generasl frequency renge of from one eycle por
gecond to several thousand cyclés per sgeond,
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The infre-scoustic equipment operates best in areas of low surfece winds
end flat terrain covercd with trees or shrubs.
C. Apparatus for recording s radio signal

The apparatus for recording a radic signal should consist of:

(L) 4 loop-shaped radio direction finder or e radio direction
finder with vertical antennas dispersed 4 - 5 kilometres from one another, with
a frequency range of 10 - 15 kiloeycles per second which will detect signals as
low ag 2 millivolts pér metre; '

(2) & deviece for ruecording the form of the sign-l, tho dotico to
provide recording of the form of the radio-pulse in & frequehcy Tange 500 c.p.8.
200 kiioeyclea ner second;when the intensity of the field is 10 millivolis per
metre and more; . .
(3) An automatic selecting device based on separating out the
characteristic elsctromagretic signels accompanying nuelear explosions by thelr
form, by their spectrai density and by their amplitﬁde,and a device for
analysing the signal spectrum that provides display of the spectral donsity of
tho signal in the frequency range 6 - 100 kiloeyeles por second. ilthough

- existing techniques execlude ths preponderard majority of signals from lightning,

further advantage will be teken of information from the acoustic, scismic or
other bhasic mﬂtﬁbds of detection to aid in further discrimimtion betweon
8ignels from nuclear axploaioﬁs end from iightniﬁg flashes;

{4) The requisite meesuring and suxiliary spoaratus and also
rower-supply units and moons a2 btolndng eorreetd radio tinmo slgnals.

The site on which the antennas and thavelectromagnstié recoxrding apvaretus
ere disposed shou;d‘bé on flat or rollinz terrein with sbout 300 metres clear
spaéé around thé antonnags, and distant from sources of slesetricel inturfercuces,
power lines and communincations lines, ' ; )

D, Apparatus for colleetins ead anslysine radiocactive débris
. The apparatus'for collecting and gnalysing-radioactivu débris
ghould include: |
{1) 4 large filtering instollation with a through-put capacity of

2 x 104 cubic metres of air over 10 ~ 24 hours, and which 18 uscd on o 24=hour

basis;

{(2) Equipmont for collecting radioactive depositions -- & surface
with ebout 100 M° area should be used. During dry weather, tho surface can be
washed down to collost dry falloub;
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(3) i laboratory for simple radicchemical analysis.

Apparetus should be loocated in opén areas, preferably on high
ground, with high precipitetion frequency. Apparatus should not be located in
cut-off valleys or near regibna with high natuinl background.

- E, Apparatus instelled on aireraft for collectins rediometive déhris
and detection of a radioactive eloud

‘ (1) A Pilterins installation for ‘eireraft should provide for the
collaction of the maximum guantity of the products of radioactive deoay, the
rate of filtering being about 3500 cubic metres an hour,

(2) The a;rcréft utilized for the collection of radicactive débris
should have equipment for the comparstively fast determinetion of the presence
of fresh radioactivs‘débris,

(3) A small radiochemieal lsboratory will be loeczted =t eosch base
foxr routine aircraft sampling flights.

Adrceraft flights over ocemn areas should be laid out as nearly as
possgible in approximeatelv a north-south direction, and located near the
gidea of tho mojor eontinonts, ws woll ns iu the centro of oveeuus ramnté
from continents. '

5, 411 thé apparatus of tho control posts should be designed for reliable
conbinuous operation.

6. Improved apparatus and techrigues should be activoly developed and
expeditiously inco?pormted into the control system for the purpose of
continuously impreving the effectivenscss for the dutection asd identification
of nueclear explosions.
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ANNWX VII

CONCLUSIONS ON 4 COWIROL SYSTEM FOR DETHCTING VIOLATIONS
’ OF A POSSIBLE ACHEMMENT ON THY SUSPENSION OF NUCLE.R TESTS
Tho Conforeonee of Exports, having considered a control systom for dotecting
violetions of o possible agreoment oﬁ the suspension of nucleﬁ: tosts, has come to
tho conclusion thet the mothods for dotecting nuclonr explosions cvallablo ot the
prosent timo, viz, tho mothod of collooting samples of radioactive débris, tho
mothode of rocording scismic, acoustie, and hydroucoustic woves, and tho radio=
slgnal mothod, along with tho wsc of on-site inspoction of unidonﬁiliod
oventa which could be suspoetod of being nuclear explosions, make it possible to
dotect ocnd idontify nueloar ozplosions, inecluding low yield oxplosions (1-5
kiloton). The Conforoneo hoe thareforo come to the conolusion that it is
tochnienlly feasiblo to ostablish,with the capabilitios and limitotions
.indicated bolow, & workcblo and offective control system to det oot violatlonsg
of an ogrecment on the worldwido suspension of nucleor weapons tests.
Tho Confcronce of Exports hns come to tho following conclusions rogerding

, such o system: | '
! 1., Tho control system should bo under the dircection of cn internstlional
fcontrol orgen which would ensure tho coordination of tho activitics of tho
control yystem in such o way that the systom would satisfy tho following
toechnlenl requircments and porform tho functions involved:

(o) Tho development, testing, and accoptance of the mensuring
- opporatus and of the equipmont, ond stating the eriteria for the elting, of
tho eontrol posts; |

(b) Corrying out ot the control posts and on airercft, montioned
in itoms 3 and § of tho prosont OConclusiomns, of continuous and effective
obsarvations for tho phonomenn which mako 1t possible to detoot nuclear oxplosions
by the use of the methods rocormonded by tho Conforcnecs;
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(e) Reliable cormunication, with the aid of existing chennels where
they are sultable for this purpose, between the intermational eontrol organ on
the one hand and, on the other hend, thercohtrol posts and the hases from whiech
the regular aircralt flights are carried out; ocormunications ﬁﬁd transportation
should ensure the speedy transmission of the results of observations, of dota
(including semples), of reports, and of necessary supplies;

(4} Means of transport of personnel of the control posts in accordancs
with thelr duties and, sc far as necessary, for the staff of the international
gontrol organ! '

(s) Timaly'analysis and processing of the deta from the observatlons
of the control posts with the aim of speelily identifying events which eould be
suspgeted of being nuclear explosions, and in order to be able to report therson
in such manner as is consldered by goverments 4o be appropriate;

(f) Timaly inspection of unidentified events which could be suspected
of being nucleer explosions, in accordance with item 6 of the present Conclusions;

(g) staffing of the control system (the network of control posts on lemd,
on ships, and on alreraft, and also the staff of the internmational control organ}
with qualified persénnel having appropriate fields of spscialization;

(h) Providing essistonce in putting into effect a solemtific research
programme, with the aim of raising the scientific standard of the system.

‘ 2. A network of control posts ig characterized by three main parameters:.

(a) The minimum yield adopted for the nuelear explosion or the natural
gvents giving squivalent signals;

(b} The number of control posts;

.{e) The probability of correct identification of nabural events,
particulorly earthquakes, _

The dependence between thess parameters is such that with an increése in the
¥ield of the explosion or the number of contfol poste the probabillty of detection
and idenﬁificaﬁion increase§, and the mumber of unidentified events suspectod of
belng a nuclear explosion decrecases, On the other hand, for the idantificatién.ot
the increased number of wnidentified eovents resulting from a smaller nnmber of
control poats it would be nocassary 0 inerease ths number of on=-gite inspections
or to make greater use of informabtlon coming from sources ‘not subordinate to the
interngtional control organ or, if necessary, both,
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Tho Conference considers that the problem of detecting end identifying

underground explosions is one of the most ﬂifficult, and that, to a large extent,
t determines the characteristies of the network of control posts,
3. The network of conbtrol posts would ‘include from 160 o 170 lend-based control

s tequippeﬂ. in accordanoe with Goncluaions EXP/NUC/R3/Rev.l) end about 10 ships.
Of these 160-170 control posts about 100-110 would be situated in con‘binents, 20 on
large oceanic islands, and 40 on small cceanic islands; houever the exact mumber
of eontrol posts, within the limits indiecated abovh; can be determined only in the
process of actuslly disposing fheqn around the globe, 'raa‘d.ng' into_accoﬁn’b the
presence of noise at the sites at which they are locatea, and other eireumstances,

The sp!icing be‘bwaez; the control posts in continentel mseismic areas would be
about 1,700 kilometres, and in seismic areas about 1,000 kilometrea, The spacing
between the control posts in ocean areas would very between 2,000 =md more than‘a,soo
kiiomatres; the spacing bebween island co:;troi posts in seiamic orsas would be
about '1,000 kilometres, 'This would lced to the following approximats distribution

£ ‘control posts over the globe (with a network ineluding 110 contineutal posta):

orth America ~ 24, Europe - 6, Asia - 37, Australia - 7, South Americn - 16,
Africa - 16, Antarciiocs -~ 4; togetler .wit.h 60 control posta on lslands and ahnub
:Iio ships. ' '

4, The.tesks of the personnel of the comtrol posts would include tho
ensuring of the normal functioning of apparatus, the preliminary processing of daia
received, and the forwerding of these data to the inbternationnl .control.organ and
to the govermment of the country on whose territory the somtrol post 18 located in
such a manner as méy be consgidersd apﬁmopriate by governmentd.

In order to carry out the tasks vequirsi one might need for easch control post
about 30 persons with various gualifications apd fields of spedialization, and also
some perscns for the onuxiliary servioing staff.

5. In addition to tﬁe basic network described, air sampling would be
accomp]iahed by sireoraft cexrying out regular flights along north-south routes over
the oceans along the peripheries of the Atlantic and Pacific Oceans, and also over
areas of ‘the oceans which are remote from surface control posts,

; When it is. negessary to investigote whether a redicactive cloud is present,
fin the case of detoction of an unidentified event which could be suspected of being
\
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a muolear explosion, special asireraft flights would be orgenized in ordexr to
collect samples of radio-active débris in accordance with Conglusions
EXP/NUC/18/Rev.2.

6. When the conmtrol poafs detect an event which cannot be identifiéd by
the internatione] control organ and which could be suspected of being &
nuelear explosion, the international control organ can send an inspection
group‘to the site of this event in order to determine whether @ nuclsar
eﬁp;osion had taken place or not. The group would be provided with aquipment
and'ﬁppnratus appropriate to its task iﬁ sach case, The insPection'group
would Porward s report on the investigation it hed carried out to the
international eontrol organ, and to the government of the country on the

Tk

territory of which the investigation was made in such a manner as mey be
congidered appropriate by governments. s
7. The network of control posts disposed as described together with the -
usse of alveraft as deseribed, would have the following effectiveness, subjeot 3&
to the qualifioations discussed in items 8 and O:
(2) Good probability of detscting and identifying nucleaxr expldsions'
of yields down to about 1 kiloton, taking place on the surface of the earth
and up to 10 kilomeirs altitude, and good probabilitf of detecting, but not
elways of identifying, explosions taking plece at altitudes from 10 to 50
kilometres. In these cases the independent methods enumerated in Conolusions
EXP/NUC/7/Rev,1, EXP/NUC/18/Rev.2 and EXP/NUC/20/Rev.l would be used; ’
(b) Good probaebility of dotecting nuclear explosions of 1 kiloton
yleld set off deep in the open ocean. In this case use would be made of the
independent hydroecoustic and seismic methods deseribed in Conclusions
EXP/NUG/7/Rev.l and EXP/NUC/19/Rev.2.
The identificmtion of underwater oxplosions can, in comparatively rare
oaass, be made more difficult by natural events uhich give similar
hydroasoustic end seismic signals;
(o) Good probebility of recording seismic signals from deep
-underground nuclear explosions in continents squivalent to 1 kiloton and
ebove, In this‘casq use would be made of the seiamic’method described in
Conslusiong EXP/NUC/19/Rev.2.
' The problem of identifying deep underground explosions ig considered in
item 8.
8. Along with the observation of signcls of possible underground explosions
the control posts would record at the same time s considerable number of simllex
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and techniques, the nétwork of Acon’orol posts would bé unable to distingulsh tﬁe
signals from underground explosions from thoso of some earthquakes, it could identify
as belng of natural origin about 90 per cont of the continental earthquekes, whose
signala are equivalent to 5'kilotons, and e amell percentugc of gontinental
earthquakes equivalent to 1 kiloton,?*

It hos been estimated on the basis of oxisting date that the mmber.of
ehrthquakas which would be unﬁistinguishable on tho basis of their seismic signals
vom deep underground nuclear oxplosions of about 5 kileton yield could be in
céhtinantal areas from 20 to 100 & yenr.  Those unidentified eventa which could
b suspeated of boing nuclear exploaions would be inspected as described in item 6, |

The capability of tha control system to ldentify undorgrounﬂ ouelsar explosions
of 1-3 kiloton yield depends on:

(a) The -small fraction of earthquakes that ean be identified on the basis
of data obteined f:pom the control posts alone; '

(b) The fraction of earthquakes that con be identifiocd with the aid of
eupplementary dota obtained from existing selsmie stations; and

(o) The fraction of events still left unidentified which could be

‘ suspected of bolng nuclear explosions and for which the international control organ

p—-

earrios out inspection in scocrdance with item 6,
Although the control system would have grea'b difficulty in obtaining positive

identificetion of a carefully congealed deep underground nuclear exxplosion, there

would alwoys be & possibility of detootion of such a violation by inspection.

The on-~site inspection carried out by tho international control organ in
aecordance with ltom & would b’e oble to iiden*izirsr with good probablility underwater
mualear explosions with a yield of 1 lkiloton nnd ahova,

The Conference notes that in order to increase the percentage of enrthquakes
of less than 5 kiloton yleld whioh could be identified, it would be eppropriate to
supplement the data from the control posts by tmstwort.hy datae from the best '
existing seismic stations. The results of the obsmervations of these selsmic
stations should, for this purpose, be mode available to the international control
organ, and the equipment of the selsmic stations suitable for this purpose could
be improved by using tho best modern appargtus,
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9, The Conference .1otes that in ceriala specinl cases tho eapahility of
detecting nudlear explosions would be reduced; for instance, when explosions ore
set off in those areas of the ocemn where the mumbor of eontrol posts 18 smell and
the meteorological conditions are unfavourable; in the ecase of shallow underground
explosions; when explosi‘ong are seb off on islands in seismic regions; and in

some other cases when the explosion is carefully concealed, In some cases it would
be impossible to determine exactly the area in which a muclear explosion that hed
boen detected took place,

Howsver; the Gonferénce considers thet, whotever the precautionayry measurces
odopted by a‘v"'iolatoi', he could not be gueranteed against exposure, partioculerly
if account ls taken of the ecarrylng out of inspectlon at the site of the sugpected
oxplos:}on. ‘

10, 'The system doscribed does not irclude specific means to detect and
Jdontify nueloar oxplodions ot high altitudos {above 30«50 kilomotros), The
 Conforomoe has formulated Its Tindings on tho mothods of detocting nuclear '
explosions set off at aliitudes 5router,thun 30=50 kilometres and has ohnra.c'bari.zsﬁ‘._
those methods in Conclusions BXP/NUG/21/Rev.l.

11, The Conference of Exper}s recommends the-control system deseribed above
for consideration.by govermments,






