
 BERNARD T. FELD

 Inspection Techniques of Arms Control

 Introduction

 Tis AUTHOR regards it as axiomatic that most significant arms-control
 arrangements require for their successful achievement the solution
 of some technical problems. The scope of the technical problems in
 cludes more than just the working out of mechanical inspection de
 vices and the definition of the role of control and verification
 agencies. Satisfactory technical solutions require as well explicit
 attention to problems of devising measures for jusfifying and en
 hancing confidence in the arrangement, for minimizing tensions and
 conflicts growing out of it, and for encouraging the development and
 extension of accommodations into other aspects of international life
 so as to insure a continual increase of the mutual security of nations.

 It is not intended to imply that arms control is entirely or even
 predominantly a technical problem. Clearly, the achievement of any
 significant form of arms control involves agreement on issues which
 are at the same time political, economic, strategic, military, social,
 historical, and legal as well as technical. Nevertheless, the solution
 of the technical problems is certainly a prerequisite to the achieve
 ment of an acceptable agreement, and the form of the available solu
 tions is crucial for determining the possible types of accommoda
 tions.*

 * The solutions may be simple for some agreements, such as the recent treaty to
 insure only the peaceful use of the Antarctic regions. Unfortunately, this sim
 plicity in this case applies to an arrangement which yields little in the way of
 arms control. On the other hand, the degree of technical complexity is not
 necessarily a measure of the degree of significant disannament involved in an
 agreement. Thus, while there are many arguments to justify the continued
 pursuit of a nuclear-weapons test-ban agreement, despite the great (and
 growing) complexity of the system being devised to monitor it, it can hardly
 be said that the cessation of testing will reduce the arsenals of the great powers
 to any appreciable degree.
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 Nor can we automatically equate arms control with disarmament.
 Indeed, as will be detailed in the next section, "arms control" may be
 defined as comprising the entire spectrum of possible arrangements
 from armed "deterrence" schemes, which may require the building
 up of certain types of armaments, all the way to universal disarm
 ament-with the common feature, however, that these arrangements
 are adopted as part of a conscious effort to decrease and eventually
 minimize the likelihood of uninhibited armed conflict.

 But it would be less than candid of me not to admit to the convic
 tion that the possible solutions that have the greatest interest, now
 and in the foreseeable future, lie more in the direction of disarma
 ment than in deterrence through mutual terror. This conviction is
 based mainly on two considerations: first, I feel that any system, no
 matter how ingeniously contrived or how meticulously constructed
 and balanced, is inherently too dangerous if it contains within it the
 possibility that a single nation, through unilateral action, can touch
 off a rapid chain of world-wide destruction. The instability might be
 triggered by a madman bent on international murder and suicide, or
 by a military or strategic miscalculation, or by a fortuitous series of
 accidents of inherently low probability; but the consequence could in
 any case be a catastrophic and irreversible holocaust.*

 Systems involving appreciable controlled disarmament, such as
 those discussed in the article by Jerome B. Wiesner,2 if they are attain
 able, have the important feature that there is of necessity an appreci
 able time lag between the inception of an armed conflict and the
 accumulation by the antagonists of stocks of nuclear weapons suffi
 cient to cause the type of unacceptable damage referred to above.
 This time is available for t-he consultation, negotiation, and external
 intervention which might stop the conflict short of a catastrophic con
 clusion.

 Universal disarmament without controls, however, may be ex
 cessively unstable in so far as it would encourage evasions and mili
 tary adventuring. It would appear that the appropriate arms-control
 arrangements may lie somewhere between the extremes, possibly
 closer to the stabilized deterrence systems at the beginning, but evolv
 ing, as rapidly as feasible, in the direction of disarmament under the
 control of effective international organizations.

 The second consideration pointing toward the importance of dis
 armament measures is essentially a political one. The great powers
 and their leaders are all publicly and firmly committed to the aim of

 * This problem is discussed in detail in the article by Herman Kahn.l
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 comprehensive disarmament.* Talks are now going on, and, regard
 less of any mental reservations either side may harbor, there is a firm

 moral commitment to continue to seek measures leading to the elimi
 nation of armaments, together with some kind of control.

 If eventual comprehensive disarmament is the stated policy of the
 major powers, the specific steps and even the avenues of approach
 have remained exceedingly vague. Beyond the general outlines of the
 Russian and American approaches,4, 7 practically nothing has been
 published on the details of proposed disarmament measures.t More
 information is available on the history of disarmament negotiations,8
 and a number of general studies have been carried out in recent years
 by the United States Senate Subcommittee on Disarmament.9 But the
 most comprehensive published study of techniques in this field re
 mains that of Melman,10 carried on outside the government.

 In one field, the monitoring of a possible ban on the testing of
 nuclear weapons, a great deal of information is available." Although
 such measures can hardly be said to constitute serious disarmament,**
 the difficulties are in many respects characteristic of the types of
 technical problems which will be encountered in future arms-limita
 tion negotiations. Thus, it is possible to make a comprehensive list of
 the problems which need to be solved and to outline the research
 program required, as has been done in the report of the Berkner
 Committee.'2 As a result, it is clear that the technical problems raised
 in the test-ban negotiations, and their suggested solutions, appear

 *"I want to ... emphasize that the United States is prepared to explore every
 possible avenue to find a way toward general disarmament" (Dwight D.
 Eisenhower3).

 "The Soviet Govemment ... has come to the firm conviction that the way
 out ... should be sought along the road of general and complete disarmament"
 (Nikita S. Khrushchev4).

 "Our aim is to move forward by balanced stages towards the abolition of all
 nuclear weapons and ... the reduction of all other weapons ... to levels which
 will rule out the possibilities of aggressive war" (Selwyn Lloyd5).

 "France believes that . . . peace . . . involves the limitations and control of
 armaments by both camps" (Charles de Gaulle6).

 t Enough has emerged, however, to make clear the serious difference in emphasis
 on the role of control and inspection. Thus, Khrushchev says4: "If disarmament
 is comprehensive and complete, then upon its attainment control shall likewise
 be general and complete" (italics ours). Compare this statement with the
 official Western proposal at Geneva7: "The task of the ... conference shall be
 to work out measures of general disarmament, which can only be attained by
 balanced, phased and safeguarded agreements."

 ** This fact may diminish their significance, but not their importance!
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 formidable indeed (see reference 1), so much so that it is worth
 noting what has been pointed out in some detail by Szilard,'3 that it
 might be possible to settle for a greatly simplified inspection system
 by placing a greater reliance on human, in contrast to purely physical,
 devices for inspection.

 The author of this paper has participated in an effort to summarize
 the status of research, as of March, 1960, relating to the technical
 problems of arms control and to identify areas in which further
 research is most needed. This study was undertaken by the Commit
 tee on the Technical Problems of Arms Limitation of the American

 Academy of Arts and Sciences, as part of a broad program of the
 Institute for International Order aimed at stimulating research on
 Peace Problems. The discussion which follows draws liberally on the
 results of this study.14

 Characteristics of Arms-Control Agreements
 As previously indicated, our definition of arms control is intended

 to encompass all possible arrangements designed to decrease the
 probability of international armed conflicts, from unilateral "deter
 rence" measures to universal disarmament requiring stringent inter
 national controls.

 There are many factors which are important in relating what is
 desirable to what is feasible. Thus, the technical solutions which are
 relevant to a given arms-control negotiation are determined to a large
 extent by the type or level of international agreement which is
 politically negotiable at the time. But what is negotiable is of course
 strongly influenced by what is regarded as desirable, and this, in turn,
 is influenced by other considerations, including the strategic ad
 vantages which might be gained or lost by the control scheme, the
 costs and other economic implications of the proposed system, and
 the relationships of the contemplated measures to the ideological
 positions and self-images of the nations involved.

 Still, provided the political and other such constraints can be
 reasonably well defined, the problem of the arms-control "technician"
 is to choose from among the possible solutions, or to devise new ones,
 in such a way that the system as a whole is the best which can be
 achieved-due account being taken of the whole set of pertinent
 criteria, including capabilities and effectiveness, limitations, cost,
 acceptability, and a number of other criteria relating to the impact of
 the contemplated agreement on the further development of arms
 control measures and the growth of international law and of enforce
 ment agencies.
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 Since the end of World War II, a number of proposals for arms
 control systems have been explored on the international level. These
 include the Acheson-Lilienthal-Baruch plan'5' 16 for the international
 control of all nuclear-energy activities, the Rapacki plan 17 for "the
 establishment of a denuclearized zone in Central Europe," proposals
 for eliminating the possibilities of surprise attack'8 (including the
 "open skies" proposals), and the latest Russian proposal4 for general
 and complete disarmament in four years. On the whole, none of these
 plans has achieved the required balance between the technical and
 the other considerations; the Western plans have tended to over
 elaborate the former at the expense of the latter, while the Eastern
 plans have generally exhibited an almost total disregard of the tech
 nical problems.*

 Among the criteria for acceptability of arms-control arrangements,
 those which relate to stability and to the elimination of sources of
 tension are perhaps the most difficult to satisfy. Although the tech
 nical requirements often appear to demand extensive controls, it is
 important to recognize that the more elaborate the system, the more
 numerous are the potential sources of friction, and the greater is the
 likelihood of increasing tensions, rather than decreasing them.

 This problem represents just one of the reasons why considerable
 attention is being devoted to arms-control measures which rely as
 little as possible on explicit agreements among the powers. It appears
 that a great deal of effective arms control (in contrast to arms limita
 tion or reduction) might be achieved through unilateral actions on
 the part of the great powers. However, for such actions to be effec
 tive, it is necessary that the motivations behind them should be so
 obvious as to render them acceptable without explicit agreement.

 This category of arms control includes most of the deterrence
 schemes which emphasize the development of invulnerable retalia
 tory weapons at the expense of first-strike capabilities. As pointed out
 by Schelling,19 there are many simple unilateral actions which can
 contribute to the stability and effectiveness of such systems. A more
 elaborate scheme, aimed at the achievement of stability in an armed
 world, has been explored by Szilard.20 This approach to arms control

 4 Thus the West accuses the USSR of desiring disarmament without control, and
 the Russians counter that they "are in favor of genuine disarmament under
 control but ... against control without disarmament."4 Neutral observers of
 a cynical bent have contended that in fact practically all proposals so far have
 taken into consideration only strategic and ideological problems, and were in
 effect designed to increase the military and propaganda position of whichever
 side advanced them.
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 emphasizes techniques of self-inspection. A self-inspecting arrange
 ment is one in which the burden of proof of compliance rests with
 each of the parties to the arrangement; it is possible only in so far as
 the incentives for compliance and for convincing the potential antag
 onists of this compliance exceed the gains which could possibly accrue
 from a violation.

 Whether it will also be possible to develop and utilize techniques
 of self-inspection in agreements involving an appreciable degree of
 arms reduction is a question whose answer will require much more
 study.

 General Techniques for Inspection

 The methods available for the inspection of various possible
 agreements for arms control have many common features, so that a
 relatively small number of techniques can be utilized, by varying
 some of the details, in the control and limitation of many types of
 weapons and delivery systems. These general inspection techniques
 can be separated into physical, records, and nonphysical inspection.

 A. Physical inspection comprises those techniques of direct sur
 veillance and verification of specific weaponeering activities which
 depend on physical contact with the activity in question, or with a
 direct by-product of this activity. These techniques, which are those
 usually associated with control systems, include:

 1. General (ground) surveillance of factories, military installa
 tions, harbors,* transportation centers, airports, etc., aimed at de
 tecting either forbidden production activities or unusual movements
 or deployments indicating preparation for unusual military activities.
 Studies of such controls have been reported by Melman,10 and in
 connection with the Geneva Conference on Preventing Surprise
 Attack.18

 2. Inspection of known facilities for the verification of com
 pliance with agreements. These techniques apply in an operating
 system for arms control, and are designed to ascertain that known and
 normally permissible laboratories and factories are not clandestinely
 engaged in military development or production activities. Inspection
 problems in this category have been studied extensively in relation
 to the control of plants producing fissionable materials,21 but there

 * In this category we include the sea as part of the "ground." This relates in
 particular to agreements that contemplate control of the numbers and distribu
 tion of nuclear-powered submarines.
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 has also been some study relating to the control of other arms
 systems.10

 3. Aerial and outer-space reconnaissance and surveillance for
 illegal activities. There are three permutations of this application as
 it affects the observer and the observed:

 (a) Surveillance of objects on the ground by air-borne or
 space-based systems, including aerial reconnaissance'0 and, looming
 on the horizon, reconnaissance satellites. Such surveillance aims at
 detecting significant changes in the normal pattern of activity, such
 as might accompany preparations for a surprise attack. The U-2
 incident has resulted in considerable open discussion of the uses and
 capabilities of these techniques.

 (b) Surveillance of objects in the air by ground-based
 systems, comprising radar systems for the observation of missile
 launchings and possibly, air traffic control.22 This category of tech
 niques is of interest mainly for possible arrangements involving re
 straints on the development of long-range missiles and satellites, with
 surveillance of launchings included as part of the agreement.

 (c) Surveillance of objects in the air or in space by air
 borne or space-based systems relates to the same functions as dis
 cussed in paragraph (b). However, additional detection possibilities
 are available above the atmosphere, such as infrared detection, and
 these systems may have special applicability with respect to the de
 tection of missile launchings and the detection of outer-space testing
 of nuclear weapons.

 4. Special techniques for the detection of radioactivity from
 the ground, in the air, or in the seas are specifically applicable to
 problems of nuclear weapons production and test detection. Almost
 all nuclear materials activity - production or use - gives rise to some
 residue of radioactivity; since the detection of the products of radio
 active disintegrations provides an extraordinarily sensitive inspection
 device (by the use of appropriate techniques, literally a single nuclear
 disintegration can be distinguished), many methods can be con
 ceived for the detection of those hidden activities which require the
 disposal of some radioactive substance at some stage.

 5. Problems of maintenance of weapons stockpiles are worthy
 of special attention since the difficulty of discovering nuclear weapons
 (and missiles) hidden before the institution of an inspection system
 is generally regarded as the major technical obstacle to the adoption
 of agreements contemplating drastic reduction of armaments. In
 particular, this requires investigation of whether there are aspects
 of the maintenance of secret stockpiles which require activities sus
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 ceptible of detection. Such studies appear to call for highly classified
 information.

 B. Records inspection involves the detailed analysis of industrial
 and governmental activities by methods with which there is consid
 erable experience,'0 although most of it is applicable to the govern
 ments and societies of the West. There are two approaches to the
 examination of plant and agency records:

 1. Budget and expenditure inspection may provide a means
 of verifying the nature and extent of declared activities, and pos
 sibly of detecting the existence of undeclared activities of large scope,
 although a number of examples exist where the expenditure of large
 sums for military purposes was kept relatively secret (e.g., the Man
 hattan project during World War II).

 2. Production and inventory records are subject to verification
 by strict accounting procedures. There are probably not many diffi
 culties associated with the verification of operations and production
 after the adoption of a control agreement. But the accurate estima
 tion or verification of past production presents a major problem,
 involving the consistency, authenticity, and completeness of past
 records, which may be crucial for determining what kind of arms
 control agreements are possible. The solution of this problem could
 be one of the keys to the future prospect for disarmament.

 C. Nonphysical inspection covers those techniques of control,
 surveillance, and verification primarily involving the use of human
 agencies. In view of the inadequacy of physical and records inspec
 tion techniques with respect to at least two crucial problems -
 namely, the possibility of appreciable stockpile accumulation before
 the initiation of the agreement and the difficulty of detecting research
 and development activities which could result in major break
 throughs-it is important to seek other means of verification of com
 pliance with agreements and of control over clandestine activities.
 The first systematic appraisal of nonphysical techniques, as far as we
 know, is due to Bohn23; specific applications have since been sug
 gested in a number of instances.* Nonphysical inspection techniques
 have received very little study to date. Subjects of obvious interest
 for future study include:

 1. Utilization of the general population for information on
 compliance and for detection of clandestine activities. This approach
 raises questions of the extent of supranational loyalties and the possi

 * Such as Melman's "inspection by the people" 10 and Szilard's plans for test-ban
 control.13
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 bilities for their enlargement, the availability of secure channels for
 the transmission of information to an outside agency from inside a
 closely controlled nation, and the evaluation of the validity and re
 liability of information received. Beyond some very preliminary
 studies,10 practically no information is available.

 2. Utilization of key people for the location of key activities.
 For this approach to be usable, it is necessary first of all to determine
 who are the key people with respect to any activity of possible interest
 to the control agency. If we assume this information, it is then
 necessary to determine which individuals are likely to know of or to
 be involved in clandestine activities and to devise techniques of
 interrogation and surveillance which are most likely to elicit informa
 tion concerning such activities. As a possible means of obtaining
 information, such special psychological testing devices as depth inter
 views, polygraphs (lie-detectors), drugs, hypnosis, etc., invite study,
 if only because so little is known. At the same time, it is necessary to
 pay close attention to the necessary restraints imposed on the use of
 such devices by constitutional requirements and by the general rules
 of conduct which should be practiced in civilized nations.

 3. A census of the activities of specialists could provide a
 means of detecting when a significant sector of the scientific com
 munity disappears from peacetime activities. The difficulty with such
 a census is that it requires full information, including knowledge of
 those who have gone directly from school into secret laboratories and
 who are accordingly not known to the scientific and technical com
 munity through their professional work. Hence, the effectiveness of
 this approach may depend on the availability of complete records
 of student interests and activities in institutions which provide
 advanced training, as well as the provision of means of tracing indi
 viduals of possible interest to the inspectorate.

 4. Establishment of an international intelligence network
 would probably be necessary for the institution of any comprehensive
 control system. Although considerable experience exists with national
 agencies, there is neither experience nor precedent relating to the
 use of such agencies for the detection of violations of international
 agreements.

 Common Problems of Inspection Systems

 The specific form of inspection system required to implement a
 given agreement will depend on the constraints imposed by the terms
 of the agreement as well as on what is to be inspected. However,
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 common to all inspection systems will be certain problems, such as
 the use of sampling techniques to accumulate and evaluate relevant
 data, the development of methods of organization and staffing of
 inspectorates to insure maximum effectiveness, and the devising of

 means for insuring the continued maintenance of this maximum
 effectiveness.

 A. Statistical sampling techniques are required for any of the
 inspection methods discussed in the preceding section, since it is

 manifestly impossible to observe every act, record, and person in
 volved in a widespread industrial complex. There are two sides to
 the sampling problem, however, and the methods they require may
 be quite different. On the one hand, if the problem is to verify per
 mitted activities in disclosed facilities, the methods of sampling are
 relatively standard, having been worked out in connection with such
 well-studied industrial problems as quality control and inventory
 maintenance.10 On the other hand, the design of techniques to search
 for undisclosed facilities and weapons or for clandestine activities in
 a sovereign nation, part or all of whose officials and nationals may be
 bent on evading the agreement, presents a relatively virgin field. The
 evolution of appropriate sampling patterns and procedures is in large
 measure an operations-research problem, but it also involves many
 aspects of "game theory," since the appropriate techniques may de
 pend on decisions concerning the strategic aims of the inspectorate.*

 We need information directly relating to specific control systems,
 but there is also need for a more theoretical approach through math
 ematical models which treat in a general way statistical sampling in
 an evading population under various assumptions concerning its
 behavior patterns.

 B. The organization and staffing of the inspectorate presents
 problems which are critical for the success of any control agreement.
 It is necessary to provide for supplementary functions of a positive,
 constructive nature if the inspectorate is to attract and retain person
 nel of a sufficiently high calibre to enable it to perform its supervisory
 tasks with the requisite ability and efficiency. Such additional re
 sponsibilities, if appropriately designed, can also help to minimize
 frictions between the inspectorate and the host countries, especially if

 * Is it better to let the evaders know (publicly or privately?) that their evasion
 has been detected, or to keep this secret, etc.? A start has been made on the
 study of some of these problems, in and out of the government, but these studies
 have not been made public and this author does not know whether they are
 being continued.
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 they develop vested interests in the successful operation of the control
 system for the countries involved.

 C. Maintenance of the effectiveness of the inspectorate requires
 more than just the provision of interesting and useful supplementary
 functions. Research on inspection problems, especially on possible
 means of evasion, will be required to perfect the inspection system.
 Besides, an inspectorate will be in a much better position to fulfill its
 functions and to anticipate new developments if, as a result of its
 own research, its knowledge of a given weapons technique is at
 least as advanced as that of any of the nations involved.

 Research on inspection techniques and on the detection of possible
 evasions might well be instituted by the various powers involved, on
 a unilateral basis, before the achievement of an agreement. Such
 research, if properly balanced between studies of evasion possibili
 ties and detection methods, might help delineate the possible fields
 of agreement and might enable the negotiators to enter into the
 discussions with reliable prior information relating to detection and
 inspection capabilities. Such a situation never has prevailed in
 international negotiations on arms controls.

 Some Examples and Applications

 The possible use of the available control techniques, singly or in
 combination, is best illustrated by a consideration of the specific
 control schemes which at one time or other have been considered
 seriously enough to receive more than a superficial study. Only sug
 gestions made after 1945 are included, since only these could take into
 account nuclear weapons and modern delivery systems, but it is by
 no means certain that some of the studies carried out by the League
 of Nations may not have relevance.

 A. The Acheson-Lilienthal plan15 was devised as a means for
 controlling nuclear weapons through the prevention of their pro
 duction and development beyond the 1946 level. Since at that time
 no nation other than the United States had facilities for the produc
 tion of weapons materials, it was possible to adopt a simple and
 unsubtle technical solution for achieving complete control. The plan
 was to vest in an international agency the sole right to engage in any
 activity relating to nuclear energy. All nuclear plants and related
 activities (the mining of uranium, chemical processing, etc.) were to
 be constructed, operated, and controlled by the international agency.

 The plan, especially as elaborated by Baruch,16 involved such un
 precedented infringements on national sovereignties and contained
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 possibilities for such all-pervasive outside controls over important
 aspects of national economies that it was almost inevitable that it
 should be rejected by the USSR.* In fact, the plan may be taken as
 a classic example of the perfect "technical" solution which is, how
 ever, rendered useless by the failure to take sufficient account of the
 political, economic, and psychological realities. Of course, at the
 opposite extreme is an oft-repeated (pre-1955) Russian proposal of
 a treaty banning nuclear weapons.t

 The more recent discussions of nuclear-weapons limitation have,
 on the one hand, reflected a growing realization on the part of the
 USSR that limitations without effective controls are unacceptable to
 the West and, on the other hand, a growing scepticism in the United
 States relating to the possibility of finding adequate technical
 measures for detecting treaty violations. This scepticism has lately
 been heightened owing to the difficulties of devising an evasion-proof
 agreement for banning bomb tests, but for many years it has pervaded
 every discussion of a reduction of nuclear-weapons stockpiles. But if
 for some people these uncertainties have tended to discourage the
 exploration of possible control arrangements, the reaction of others
 has been to seek alternative verification techniques and to study
 more intensively some nonphysical inspection measures.

 B. Production controls and the Nth-country problem. The search
 for techniques for the control of nuclear weapons has been intensified
 as a result of the growing realization on both sides of the importance
 of impeding the further uncontrolled spread of nuclear-weapons
 capabilities.24, 25 One result has been an enhanced interest in the
 utilization of international organizations, in particular the Interna
 tional Atomic Energy Agency (IAEA), in place of the heretofore
 prevailing systems of bilateral agreements, as an effective means of
 aiding in the development of nuclear-power capabilities while at the
 same time maintaining a reasonable international control to prevent
 the diversion of fissionable material into weapons production.

 Although the charter of the IAEA, established in 1957 as an
 Agency of the United Nations with headquarters in Vienna, contains
 provisions for a number of controls aimed at preventing the diversion

 * This conclusion is perhaps one of hindsight. On the other hand, there is a
 serious question, in view of what is now known about the internal politics of
 the USSR in the late 1940's, that any control plan at all would have received
 serious consideration.

 t This remark does not apply to proposals for an agreement to renounce the first
 use of nuclear weapons. Such proposals represent, in fact, a good example of
 possible self-inspecting arms-control arrangements.
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 of fissionable materials, there has been a considerable reluctance on
 the part of some of the signatory nations to sanction the setting up of
 an effective control system. Nevertheless, the IAEA organization has
 shown an increasing interest in such controls, and the Agency's Gov
 erning Board appears to be showing some willingness to sanction
 moves in this direction.

 The powers of the IAEA which could be applied to controls
 include24: the right of approval of facility designs, the responsibility
 for establishing health and safety measures, the ability to require
 adequate production records and reports, the responsibility to pre
 vent diversion of fissionable material during and following processing,
 and the right to terminate assistance in the event of noncompliance
 with IAEA regulations. The techniques available and the measures
 which could be taken by control agencies have been studied in con
 siderable detail in this country (and by the other nuclear powers);
 further study under the sponsorship and support of the IAEA is in
 progress in many countries. A detailed discussion of control measures
 was given in testimony in connection with ratification by the United
 States Senate of the Statute of the IAEA.26

 C. The Melman study'I of "Inspection for Disarmament" repre
 sents the most comprehensive published investigation of problems
 and techniques applicable to the enforcement of agreements for the
 partial or complete prohibition of nuclear weapons and the means
 of their delivery. Most of the eighteen papers comprising the study
 assume the existence of an agreement, including a provision for the
 unhindered access by an international inspectorate to facilities inside
 the signatory nations.- However, the United States has been taken as
 the prototype nation to which the inspection techniques are specifi
 cally applied.

 These papers, which cover the whole range of inspection prob
 lems, include: direct physical surveillance by aerial inspection

 methods, the detection of underground nuclear explosions, the de
 tection of high-altitude missile tests, inspection for the production of
 agents of biological warfare, the direct inspection of factory opera
 tions, the use of fiscal and records inspection, as well as problems of
 psychological inspection, especially those relevant to the utilization of
 national populations for uncovering clandestine activities. Also in
 cluded are interesting studies of past evasions of arms-control
 arrangements, in Palestine under the British mandate and in the

 Weimar Republic, as well as studies of possible techniques for evad
 ing the agreement under consideration made by "evasion teams"
 constituted for this specific purpose.
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 In his analysis of the results of the studies, Melman, while taking
 cognizance of the possibilities for systematic evasion inherent in
 many of the proposed inspection techniques, adopts the position
 that a combination of many techniques can serve to reduce to an
 essentially negligible level the net probability of significant evasions
 of the agreement by any single nation. However, this conclusion is
 also based on the assumption of a successful utilization of the tech
 nique of "inspection by the people," some possibilities of which are
 explored in the study.

 It is of course possible to quarrel with this conclusion, to question
 the relevance in the present state of international relations of some
 of the controls envisaged, to point to differences between the Amer
 ican and Russian societies, especially as regards inspection problems,
 to urge greater attention to the interactions between different control

 measures, etc. But, such criticisms notwithstanding, this is a bold
 and imaginative first attempt, which, by bringing into the realm of
 public discussion the serious problems whose solutions are required
 for comprehensive disarmament and especially by calling attention
 to the importance of nonphysical inspection techniques, has made a

 major contribution to the study of arms control.
 D. The prevention of surprise attack'8 is an aspect of arms

 control, of greatest significance in the absence of controlled arms
 limitation or in an interim period during which armaments are being
 reduced. As examples, the Rapacki plan and the "open skies" pro
 posals are aimed at the reduction of surprise-attack capabilities and
 at the provision of mutual assurance concerning the peaceful inten
 tions (or the contrary) of both sides.

 Such assurances are especially important in a situation such as
 the present one, in which both sides rely for the maintenance of the
 peace on a mutual recognition of the effectiveness and readiness of
 deterrent forces. These assurances will remain important as deter
 rence systems become more powerful and more invulnerable, even
 in the absence of any but the most tacit of international arrange

 ments.19 On the other hand, their existence can contribute materially
 to the easing of tensions and to the establishment of an atmosphere
 of relative trust in which more inclusive agreements may become
 possible.

 At the "surprise attack conference" of experts from the East and
 the West,'8 held in Geneva toward the end of 1958, no discernible
 progress was made toward agreement on prevention of surprise
 attack, owing to the participants' inability to agree on terms of
 reference. Nevertheless, the conference served at least to focus
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 attention on a number of serious and difficult technical problems, of
 which we single out just one in the following brief discussion.

 It is clear that the development of submarines of unlimited range
 and of submarine missile-launching systems (i.e., POLARIS) capable
 of firing nuclear weapons from under the sea, introduces new dimen
 sions into the surprise attack problem. The control of such weapons
 delivery systems depends on the ability to control the submarines.
 Two aspects of the problem need to be considered. On the one hand,
 submarines, like bombs and missiles, can be stockpiled, and the de
 tection of their storage (for example, in remote locations on ocean
 bottoms) and knowledge of the numbers stored raise serious ques
 tions; however, these do not appear to be as difficult as those associ
 ated with the problem of a nuclear-weapons stockpile. On the other
 hand, the problem of locating submarines in operation, or even of
 forming a reasonably accurate estimate of their numbers, is also a
 formidable one, although it appears possible to conceive of systems of
 surveillance of major ports and straits, by using appropriate under
 water location techniques, which might serve to enforce an agreed
 limitation on the number of active submarines without necessarily
 requiring a detailed knowledge of their location.

 E. Control of biological, chemical, and radiological weapons is a
 field whose importance remains rather difficult to assess, despite some
 recent studies by competent authorities.27. 28 Although there is little
 doubt that many nations are carrying on serious efforts in this field,
 the impression still prevails that such weapons represent more of a
 potential for nuisance than for decisive influence in possible major
 conflicts.* Still, the usefulness of such weapons may be much greater
 when viewed with the eyes of a small nation, because of their relative
 cheapness and the universality of their availability, and they might be
 capable of playing a decisive role in a relatively localized conffict.

 A number of aspects of those weapons suggest possible special
 control methods. Thus, while the research and development stage
 would require minimal facilities normally available as a result of

 *"As means of immediate and certain destruction, these weapons cannot com
 pare with hydrogen bombs. The dependence of biological weapons on un
 controllable factors, such as meteorological conditions, and the difficulty of
 confining the effects to the attacked territory, make them especially unpredict
 able in scope and effect.... But, however difficult the international control of
 atomic weapons may be, the international control of biological and chemical
 weapons by any system of inspection seems incomparably more difficult" (from
 the Statement of the Pugwash International Conference of Scientists on Bio
 logical and Chemical Warfare28).
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 legitimate biological, chemical, and nuclear-power activities, their
 field testing and deployment for use might require special prepa
 rations and concurrent activities-such as the large-scale immuniza
 tion of populations in the case of biological agents affecting man

 which could be readily detectible by an inspection system.

 Conclusions

 Any survey of the techniques available for the implementation of
 possible arms-control systems is bound to conclude with remarks
 concerning the woeful inadequacy of past and present research in
 this field. The painfully obvious need for an organized governmental
 effort, also capable of developing a governmental group with a
 "vested interest" in arms control comparable with that normally
 devoted to the enhancement of military capabilities, has been force
 fully pointed out on many occasions.29 With such remarks I concur.
 Beyond this, I would like to call attention to two specific problems in
 which it appears that further research is most urgently needed. Their
 solutions, if such are possible, lie at the very heart of the questions of
 the feasibility and possible extent of comprehensive arms-limitations
 measures. These are:

 A. The stockpile problem, or the question of the degree of cer
 tainty with which it may be possible to ascertain (by a study of past
 records, inventories, plant characteristics, etc.) the amount of weap
 ons material which may have been sequestered by a nation, or by an
 influential group within the nation, before the institution of a control
 agreement. There is a considerable overlap between the methods
 of attacking this problem and those developed for the prevention of
 clandestine diversion of new weapons materials; but almost all dis
 cussions found in the open literature refer to the latter.

 Of course, the stockpile problem applies to all weapons on which
 there might be some agreed limitation; however, this discussion will
 be limited to nuclear weapons and long-range missiles. Given free
 access to all plants capable of producing appreciable fissionable
 material, and to all of their records, the problem of ascertaining past
 production has many approaches which taken together can help to
 narrow the uncertainty of the estimate. Thus, the records of past
 power production (or heat removal), together with a knowledge of
 plant design characteristics, provide an estimate of production of
 plutonium or uranium 233. Records of mining operations and of
 uranium ore-processing activities yield information on the raw ma
 terials which have gone through the plants, including plants for the
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 separation of uranium 235. Waste products, through their chemical
 and radiochemical analysis, yield information on past production.

 The uncertainty in the estimate of past production increases with
 the total amount of material processed and with the length of time
 over which there has been an uninspected production. As of tis
 writing, the stockpile problem applies only to the three or four nuclear
 powers. With the exception of the Melman study,10 the existing
 information is mainly classified. The numbers which one occasionally
 hears quoted by apparently reliable sources for the amount of fission
 able material which could be sequestered from present stockpiles in
 the USSR, if an agreement were to take effect now, with little chance
 for subsequent detection that a diversion had been effected, range
 from enough to produce about fifty large thermonuclear bombs up
 to enough for about five hundred. Clearly, it is important to develop
 techniques for reducing the actual upper limit of uncertainty. It

 would be important for the purpose of public discussion and planning
 for the presently accepted upper limit to be made public.

 The stockpile problem with respect to ICBM's has been discussed
 in considerable detail in the Melman report.10 On the one hand, the
 problem is less difficult because of the relatively short time during
 which it has been possible to accumulate hidden stockpiles and be
 cause of the size of the objects. On the other hand, missiles require
 many components, some of a rather specialized nature, whose pro
 duction is wide-spread throughout the normal industrial activities of
 an industrialized country; this aspect tends to.increase the difflculty
 of detecting any one clandestine activity, but it provides for a large
 number of possible points of detection.

 After the production of fissionable materials and the manufacture
 of missile components, these must be assembled into weapons, de
 ployed and maintained in readiness if they are to be used by a
 potential aggressor. While such activities might also be rooted out
 by physical inspection techniques, it may be precisely in this field
 that nonphysical techniques (psychological inspection, inspection
 by the people, etc.) will have their most fruitful application.

 In any event, the possible size of clandestine stockpiles is likely
 to be among the crucial factors which will set the level of possible
 disarmament agreements at any time.

 B. Research and development constraints are implicitly assumed
 in most control systems envisaged, since practically all such systems
 are unstable with respect to a technical breakthrough capable of pro
 viding a decisive military advantage to one member of the agree
 ment. This instability applies in schemes of armed deterrence per
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 haps even more than in situations of relatively comprehensive
 disarmament. Although the inspection techniques discussed above
 may all be relevant to some forms of research and development
 activities, this inspection problem is one which by definition defies
 general solution; for how does one predict the unknown? Neverthe
 less, some techniques have greater relevance than others, e.g.,

 methods of records inspection. In particular, the nonphysical tech
 niques would appear to offer the greatest promise, especially in those
 aspects which provide for a continuing census of the activities of key
 specialists.

 Any serious attempt at inspecting research and development
 activities implies the complete elimination of secrecy from research.
 This openness would have to apply not only to basic research, but to
 governmental and industrial research activities as well. In the final
 analysis, however, stability with respect to technological progress
 could probably only be achieved through the adoption and exercise
 of stringent self-restraints on the part of sovereign nations; the solu
 tion of this problem may, in fact, demand the greatest self-restraint
 of all-the eventual relinquishment of absolute national sovereignty
 in favor of an international order with the enforcement capabilities
 necessary to establish and preserve the peace.
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