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Abstract 
This paper elucidates the security implications of the nuclear fuel cycle choices states 
make short of nuclear weapons acquisition. How do states use uranium enrichment or 
plutonium reprocessing technology to practice deterrence and compellence? What 
impact do different nuclear fuel cycle choices have on the likelihood of competition 
and conflict? The need for this contribution stems from a puzzling pattern in world 
politics. States often deploy a nuclear fuel cycle posture in lieu of nuclear weapons. 
This is an odd choice because a nuclear arsenal ensures a state’s root security. By 
contrast, enrichment and reprocessing assets are vulnerable to attack, cannot perform 
missions on the battlefield, and require mastery of sophisticated technology. Despite 
these pitfalls, India and Pakistan built robust fuel cycle facilities over three decades 
before acquiring nuclear arsenals, and North Korea used its reprocessing capability to 
compel resources from far superior states. The paper compares how nuclear fuel cycle 
postures in South and East Asia generated very different patterns of competition and 
conflict between states, and aims to generalize these results to Latin America and the 
Middle East.  
 

Material from Dissertation in Progress: Please Do Not Cite or Distribute Without Consent 

                                                             
* PhD Candidate, Department of Political Science, George Washington University 



 1 

Consequences of Nuclear Fuel Cycle Postures in South and East Asia 
Tristan Volpe 

 
This paper elucidates the security implications of the nuclear fuel cycle choices states make 

below nuclear weapons acquisition. How do states use uranium enrichment or plutonium 

reprocessing technology to practice deterrence and compellence? What impact do different nuclear 

fuel cycle choices have on the likelihood of competition and conflict? 

The need for this contribution stems from a puzzling pattern in world politics. Acquisition 

of nuclear weapons requires either enrichment or reprocessing assets to produce fissile material. The 

first five nuclear weapon states – U.S., U.S.S.R., U.K., France, and China – did not manipulate this 

sensitive fuel cycle technology as an independent capability, and quickly deployed nuclear arsenals.1 

No subsequent nuclear aspirant followed this pattern. Instead, regional proliferators often deploy 

nuclear fuel cycle postures in lieu of nuclear weapons. This is an odd choice because a nuclear 

arsenal ensures a state’s root security. By contrast, enrichment and reprocessing assets are vulnerable 

to attack, cannot perform missions on the battlefield, require mastery of sophisticated technology, 

and can motivate an adversary to pursue competitive political-military policies. 

Despite these pitfalls, India and Pakistan built robust enrichment and reprocessing facilities 

over three decades before deploying nuclear arsenals. Yet India did not configure its nuclear fuel 

cycle posture to meet the basic requirements for deterrence. Cyclical conflict and competition in 

South Asia from the 1960s to the 1980s explicates the limitations of the fuel cycle as an instrument 

of deterrence. North Korea, however, used its plutonium production capability to issue successful 

compellent demands against the United States in the early 1990s. The first nuclear crisis in East Asia 

from 1991 to 1995 illustrates how Pyongyang leveraged the threat of nuclear arsenal acquisition to 

compel resource concessions from Washington, but relied on conventional deterrence to mitigate 

the risk of preventive war. This paper focuses on South and East Asia to explain the consequences 

of nuclear fuel cycle postures. 

The paper is organized into four main parts. The first reviews theories of nuclear deterrence 

and compellence to identify gaps in the literature and underscore the contributions made by this 

research. The second part builds a typology of nuclear fuel cycle postures to explain how enrichment 

or reprocessing technology can be used to threaten and punish other states, and stipulates some 

basic requirements to employ this unique threat as a means of deterrence or compellence. The third 

                                                             
1 Richard Rhodes, The Making of the Atomic Bomb (New York, NY: Simon & Schuster, 1986); McGeorge Bundy, Danger 
and Survival: Choices About the Bomb in the First Fifty Years (New York, NY: Random House, 1988). 
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part compares how similar nuclear fuel cycle postures in India and North Korea generated very 

different patterns of competition and conflict between states. From these case studies, the forth part 

induces propositions on deterrence versus compellence with nuclear fuel cycle, and considers next 

steps towards a systematic and falsifiable theory. This discussion of generalization to regions beyond 

South and East Asia highlights important policy implications for the current situation with Iran in 

the Middle East. 

 
(I) Theories of Nuclear Deterrence and Compellence 

Although use of the nuclear fuel cycle as a strategic instrument is not an ephemeral 

phenomenon in world politics, extant theories of nuclear deterrence and compellence focus too 

heavily on nuclear weapon capabilities. A review of these literatures pinpoints the gaps this paper 

seeks to fill, and extracts important propositions used in the subsequent empirical analysis. 

In order to determine the deterrent implications of the nuclear fuel cycle, the paper grounds 

itself in a proposition derived from nuclear deterrence theory: given the risk of escalation to general 

nuclear war, an assured nuclear retaliation capability greatly improves the ability of the defender to 

deter aggression through the threat of punishment.2 The key point is that nuclear fuel cycle 

technology constitutes a strategic capability well below such an arsenal but distinct from 

conventional force. Theories of existential nuclear deterrence explain how opaque arsenals produce 

deterrent effects by creating first-strike uncertainty in the mind of the adversary, yet none deal 

directly with the fuel cycle as an independent capability.3 To fill this gap, the paper assesses whether 

the nuclear fuel cycle can be used to produce a distinct type of sub-arsenal nuclear deterrence. 

Recent work on how states operationalize their nuclear weapon capabilities provides a firm 

foundation to incorporate nuclear fuel cycle technology into a deterrent framework. Vipin Narang 

revives an important insight from the literature on the consequences of nuclear weapons 

proliferation.4 Although nuclear weapons can be powerful instruments of deterrence, “the mere 

                                                             
2 Oskar Morgenstern, The Question of National Defense (New York, NY: Random House, 1959), 14–38, 74; Thomas C. 
Schelling, Strategy of Conflict (Cambridge, MA: Harvard University Press, 1960), 187–203; Robert Jervis, “Why Nuclear 
Superiority Doesn’t Matter,” Political Science Quarterly 94, no. 4 (December 1, 1979): 617–633; Robert Powell, “The 
Theoretical Foundations of Strategic Nuclear Deterrence,” Political Science Quarterly 100, no. 1 (April 1, 1985): 77–81. 
3 McGeorge Bundy, “To Cap the Volcano,” Foreign Affairs 48, no. 1 (October 1, 1969): 1–20; Devin T. Hagerty, “The 
Power of Suggestion: Opaque Proliferation, Existential Deterrence, and the South Asian Nuclear Arms Competition,” in 
The Proliferation Puzzle: Why Nuclear Weapons Spread and What Results, ed. Zachary S. Davis and Benjamin Frankel 
(Routledge, 1993); Avery Goldstein, Deterrence and Security in the 21st Century: China, Britain, France, and the Enduring Legacy of 
the Nuclear Revolution (Stanford University Press, 2000). 
4 For a good overview of this literature, see David J. Karl, “Proliferation Pessimism and Emerging Nuclear Powers,” 
International Security 21, no. 3 (December 1, 1996): 87–119; Peter D. Feaver, “Neooptimists and the Enduring Problem of 
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acquisition of nuclear devices, however, neither constitutes an operational nuclear arsenal nor 

produces a uniform deterrent effect.” Rather, states exhibit significant variation in “the capabilities, 

deployment patterns, and command and control procedures” used to manage and operationalize 

nuclear weapon capabilities.5  A nuclear posture designed to rapidly escalate the risk of first-use will 

produce deterrence and stability effects that are very different from a secure second-strike force 

configured to deter nuclear attack.  

A nuclear fuel cycle posture extends Narang’s logic to the uranium enrichment and 

plutonium reprocessing technology that underlies the capability to produce nuclear weapons. Since 

enrichment and reprocessing technology is not a weapon system, the concept of a nuclear fuel cycle 

posture needs to be qualified to denote the observable development, deployment, and linkage of 

these assets to the security objectives of the state. Covert fuel cycle programs do not constitute a 

posture until either an adversary detects these assets using national technical means, or the state 

credibly demonstrates its capabilities. The focus on observable nuclear fuel cycle assets is crucial, 

because deterrence only works if the adversary can analyze the capabilities and threats of the 

defender. The empirical concern is therefore with the observable choices a state makes with regard 

to its fuel cycle, rather than its declaratory policy or covert work. 

 The theory of nuclear fuel cycle postures also contributes to the revived debate over the 

utility of nuclear compellence. The crux of the debate is whether nuclear weapons are credible 

means of compellence. One camp posits that nuclear weapons are very effective tools of 

compellence. Targets will capitulate in the shadow of catastrophic damage, especially if they lack 

nuclear weapons or possess a smaller arsenal.6 The counter argument is that nuclear threats in 

support of compellent gains are simply not credible. Nuclear megadeath is disproportionate 

punishment relative to the demands made by the coercer. As a result, nuclear weapons do not 

provide additional coercive leverage to their possessors, and exert little impact on the effectiveness 

of compellent threats.7 The framework advanced in this paper expands the debate to include sub-

weapon nuclear fuel cycle capabilities. If the coercer threatens to acquire nuclear weapons rather 
                                                             
Nuclear Proliferation,” Security Studies 6, no. 4 (1997): 93–125; Francis J. Gavin, “Politics, History and the Ivory Tower-
Policy Gap in the Nuclear Proliferation Debate,” Journal of Strategic Studies 35, no. 4 (2012): 573–600. 
5 Vipin Narang, “Posturing for Peace? Pakistan’s Nuclear Postures and South Asian Stability,” International Security 34, no. 
3 (September 16, 2011): 40–41. 
6 Richard K. Betts, Nuclear Blackmail and Nuclear Balance (Washington, DC: Brookings Institution Press, 1987); Kyle 
Beardsley and Victor Asal, “Winning with the Bomb,” Journal of Conflict Resolution 53, no. 2 (April 1, 2009): 278 –301; 
Matthew Kroenig, “Nuclear Superiority and the Balance of Resolve: Explaining Nuclear Crisis Outcomes,” International 
Organization (forthcoming). 
7 Robert A. Pape, Bombing to Win: Air Power and Coercion in War (Ithaca, NY: Cornell University Press, 1996); Todd S. 
Sechser and Matthew Fuhrmann, “The Coercive Limits of Nuclear Weapons,” International Organization (forthcoming). 
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than use them, then a nuclear fuel cycle posture can bypass the credibility issue at the heart of the 

compellence debate. The nuclear fuel cycle, rather than large nuclear arsenals, might provide a very 

effective and unique form of nuclear compellence. 

 Theories of nuclear deterrence and compellence address key consequences that stem from 

the acquisition of nuclear weapons. Yet none deal with the deterrent or compellent effects of 

enrichment and/or reprocessing (ENR) technology. A theory of nuclear fuel cycle postures is 

needed to analyze the choices states make below nuclear arsenal acquisition. 

 
(II) Nuclear Fuel Cycle as a Strategic Capability 

 An assessment of how states might use uranium enrichment or plutonium reprocessing 

technology to practice deterrence and compellence is organized into two sections. The first draws 

from the logic of nuclear latency to explain how sensitive nuclear fuel cycle technology can be used 

to threaten and punish other states. The second section stipulates the requirements for use of the 

nuclear fuel cycle as a strategic capability. This explanation sets the foundation to examine the 

effects of nuclear fuel cycle postures on competition and conflict in South and East Asia. 

 
The Logic of Nuclear Latency 

A state wants to deploy the best strategy and means to achieve security objectives. 

Deterrence threatens to inflict punishment so severe that the adversary believes initiation of conflict 

would result in a net loss, regardless of his ability to achieve military objectives. A compellence 

strategy is a more dynamic process of persuasive coercion in which the defender initiates 

punishment until the adversary capitulates. Yet both strategies are usually understood to rely on 

conventional or nuclear force as the means of punishment. The nuclear fuel cycle represents a 

complimentary yet puzzling strategic instrument, since such a capability cannot perform immediate 

military missions. The inability to exact kinetic damage begs the question: What type of punishment 

does the nuclear fuel cycle threaten against an adversary?  

The logic of nuclear latency demonstrates that a state’s deployment of an advanced fuel cycle 

threatens other states with the capability to acquire a nuclear arsenal in the near future. Latent 

capability focuses attention on the time differentials among states between their potential initiation 

of a crash nuclear weapon program and the final acquisition of an actual warhead.8 That is, how 

                                                             
8 Although the concept of a crash program is “a little fuzzy,” it describes a situation where a state makes an explicit 
decision to acquire a nuclear weapon, and deploys the maximum level of resources to acquire a weapon in as short a 
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quickly could states, starting from different technological points, develop a nuclear weapon if they 

chose to do so?9 For example, country A with no nuclear infrastructure has a time-lag of 

approximately ten years until arsenal acquisition, while country B with a full nuclear fuel cycle has a 

much shorter lag of only two years, because it already possesses the capability to produce fissile 

material. Country B therefore has much more latent capability than A to make a nuclear weapon, 

even if B harbors no intent to do so. The key issue of latency therefore becomes “what the time-lag for 

any hypothetical deliberate crash program will asymptotically sink to,” as the result of attempts by 

states to master the fuel cycle used for the production of fissile material.10 

 Yet nuclear latency does not generate a constant and uniform threat of nuclear arsenal 

acquisition. States make very different deployment decisions with nuclear fuel cycle technology. An 

explanatory typology of nuclear fuel cycle postures is needed to determine how exactly nuclear latency 

generates a threat of punishment. The answers to two crucial sub-questions provide the foundation 

to derive such a typology based on the logic of technology and visibility. 

First, if the time-lag to nuclear arsenal acquisition varies, when do latent capabilities begin to 

threaten other states? The level of technology determines the potential time-lag to arsenal 

acquisition, and thereby generates the severity of the threat, as well as the probability that the threat 

can be executed. Without the nuclear fuel cycle, a state has a very long time-lag and will find it 

difficult to threaten other states with the prospect of future arsenal acquisition. Once a state deploys 

advanced enrichment and/or reprocessing (ENR) technology, it acquires a sufficient strategic 

capability. With a much shorter time-lag, the state can threaten arsenal acquisition with a higher 

probability of successful execution. When a state subsequently produces weapons grade fissile 

material, it step-functions into a final stockpiled capability that shrinks the time-lag close to zero.  

Second, if the time-lag is held constant, does one type of latent capability communicate the 

threat to acquire nuclear weapons more than another? The visibility of the nuclear fuel cycle 

determines whether the technology signals a threat of arsenal acquisition by coupling or decoupling 

the means to the security objectives of the state. A state with a transparent configuration explicitly 

decouples its fuel cycle from military strategy, and implements informational mechanisms to signal 

                                                             
time as possible, regardless of cost George H. Quester, “Some Conceptual Problems in Nuclear Proliferation,” The 
American Political Science Review 66, no. 2 (June 1, 1972): 491. 
9 Scott D. Sagan, “Nuclear Latency and Nuclear Proliferation,” in Forecasting Nuclear Proliferation in the 21st Century: Volume 
1 The Role of Theory, ed. William Potter and Gaukhar Mukhatzhanova (Stanford Security Studies, 2010), 81. See also 
Albert J. Wohlstetter, Swords from Plowshares: The Military Potential of Civilian Nuclear Energy (Chicago, IL: University of 
Chicago Press, 1979); Stephen M. Meyer, The Dynamics of Nuclear Proliferation (Chicago, IL: University of Chicago Press, 
1986). 
10 Quester, “Some Conceptual Problems in Nuclear Proliferation,” 491. 
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current and future nonmilitary intent. A state with an opaque deployment links its nuclear fuel cycle 

to military strategy. In the presence of ambiguity, other states assume military intent, and believe a 

threat of arsenal acquisition is being communicated. The main focus of the paper is on the use of 

these opaque postures to deter or compel. 

As summarized below in Table 1, the logics of technology and visibility are amalgamated 

into four types of nuclear fuel cycle postures. While the primary concern is with the opaque 

postures, the full typology underscores that states can decouple or couple their nuclear fuel cycle to 

military strategy by moving vertically along the visibility axis. The typology explains how different 

technology and visibility choices states make with the nuclear fuel cycle generate variation in the 

threat of future nuclear arsenal acquisition. 

 
Table 1 – The Characteristics and Typology of Nuclear Fuel-Cycle Postures 

 Technology 

OPAQUE-
SUFFICIENT 

OPAQUE-
STOCKPILED 

V
is

ib
ili

ty
 

TRANSPARENT-
SUFFICIENT 

TRANSPARENT-
STOCKPILED 

 
 

Requirements for Deterrence and Compellence with the Nuclear Fuel Cycle 

 A state can manipulate the technology and visibility characteristics of its nuclear fuel cycle to 

threaten, initiate, or terminate the punishment of arsenal acquisition against other states. Since a 

security posture denotes the specific configuration of strategy and means, a full logic needs to link 

the range of actions presented in the typology to the strategic requirements for deterrence and 

compellence.11 This section therefore answers a second major question: How can a state employ the 

threat of arsenal acquisition to practice deterrence or compellence?  

Deterrence with the nuclear fuel cycle involves setting the stage at a specific level of 

technological capacity, and then waiting for the adversary to act. The defender must meet three 

requirements. First, the defender introduces opacity to threaten the adversary with the acquisition of 

                                                             
11 The literature on deterrence and compellence is extensive, but for an overview of the requirements for effective 
deterrence, see Thomas C. Schelling, Arms and Influence (Yale University Press, 1966), 66–68; Robert J. Art, “To What 
Ends Military Power?,” International Security 4, no. 4 (April 1, 1980): 13; Charles L. Glaser, Analyzing Strategic Nuclear Policy 
(Princeton University Press, 1990), 20. For the requirements of compellence, see Schelling, Arms and Influence, 69–72, 75; 
Art, “To What Ends Military Power?,” 8; Pape, Bombing to Win, 16. 
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a nuclear weapon. Second, the defender deploys this opaque technological capability in a passive state. 

The time-lag must be maintained constant unless the adversary initiates intolerable behavior. Firm 

control over ENR technology thereby allows the defender to retaliate with punishment (a further 

decrease in the time-lag or overt acquisition) only if and when the adversary transgresses. Third, the 

defender then stipulates the parameters of what constitutes intolerable behavior by the adversary. 

For deterrence to work, the adversary must know that once he crosses a line, the defender might 

increase latent capabilities or acquire a nuclear arsenal. 

 Compellence with the nuclear fuel cycle is a much more dynamic process similar to force 

mobilization. The coercer steadily decreases the time to nuclear arsenal acquisition, but sets definite 

conditions under which this process will cease or become harmless once compliance is forthcoming 

from the target. The termination of punishment necessitates a commitment to either cease the 

escalation process or completely remove the fuel cycle from military strategy. An effective 

compellent threat therefore requires (1) a credible promise system, and (2) control over the 

technological and visibility characteristics of the nuclear fuel cycle posture. The coercer needs to 

manipulate its nuclear fuel cycle posture in a precise fashion to initiate and then terminate 

compellent punishment. 

 To conclude, an analysis of the causal effect of nuclear fuel cycle technology on security 

outcomes must consider two elements: (1) the core nuclear fuel cycle posture that generates variation in 

the level and type of latent nuclear threat; (2) whether and how a state leverages this threat of 

nuclear weapons acquisition through the requirements for deterrence or compellence. The next part of the 

paper examines the impact of both factors on security outcomes in South and East Asia. 

 
(III) The Consequences of Nuclear Fuel Cycle Postures: A Comparative Case Study 

The third part of this paper compares the consequences of nuclear fuel cycle postures 

deployed by India and North Korea. Each state adopted similar opaque plutonium production 

technology sufficient to credibly threaten other states with the prospect of nuclear weapons 

acquisition. Yet India did not embed the nuclear fuel cycle within an overall strategy of deterrence. 

As a result, India’s rapid adoption of an opaque-stockpiled posture generated dangerous 

consequences in South Asia. By contrast, North Korea set out to use its opaque-sufficient posture as 

a direct means of compellence rather than deterrence. Although plutonium brinksmanship tactics 

increased the probability of conflict, Pyongyang adroitly wielded the fuel cycle to coerce material 
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concessions from the United States. A comparative study of these two cases helps build a more 

general theory of nuclear fuel cycle postures.  

 
(1) Deterrence in South Asia: Three Fundamental Problems with the Nuclear Fuel Cycle 

 The case study of India proceeds in three main sections. The first briefly examines India’s 

external security situation and deterrence strategy in the 1960s and 1970s. The second section gives a 

detailed overview of the nuclear fuel cycle postures India deployed during this time period. Although 

New Delhi acquired a robust latent nuclear capability with its plutonium production assets, it did not 

incorporate these means directly into a deterrence strategy. The third section deducts the likely 

consequences of India’s nuclear fuel cycle choices, and investigates the history of interaction 

between India and Pakistan to confirm the validity of this logic.  

 
India’s Security Environment and Defense Policies  

 During the 1960s and 1970s, India faced two adversaries: Pakistan and China. The legacy of 

Partition and the First Kashmir War in 1947 cemented India’s perception of Pakistan as a hostile 

rival with greedy motives.12 Although the relative balance of power favored India, Pakistan exploited 

India’s vulnerability to surprise attack and fear of separatism.13  India worried that successful 

Pakistani incursions into the Kashmir region, for example, might catalyze an internal centrifugal 

force that unraveled tenuous elements within the Indian union and generated further acts of 

partition. Limited aim strikes from Pakistan were therefore a pernicious and probable security 

threat.14 The threat from China reached a crescendo in the early 1960s. India suffered a humiliating 

defeat against China during the 1962 Assam War, and a stark power asymmetry emerged when 

China tested its first nuclear weapon in 1964.15 China’s sudden conventional and nuclear superiority 

spurred India to rapidly buildup its military power.  

India adopted a conventional force strategy that mixed deterrence by denial and punishment 

to mitigate the proximate threat from Pakistan and dissuade possible coercion from China. India’s 

                                                             
12 Lorne J. Kavic, India’s Quest for Security: Defence Policies, 1947-1965 (Berkeley, CA: University of California Press, 1967), 
36; Raju G. C. Thomas, Indian Security Policy (Princeton, NJ: Princeton University Press, 1986), 20. 
13 Pakistan lacked the strategic and economic strength necessary to pose a significant military threat against India, though 
it did attempt to narrow the qualitative gap in military power by acquiring modern weapon systems from the United 
States. See Brian Cloughley, A History of the Pakistan Army: Wars and Insurrections (Oxford University Press, 2006); Stephen 
P. Cohen, The Pakistan Army (Oxford University Press, 1998). 
14 Chris Smith, India’s Ad Hoc Arsenal: Direction or Drift in Defence Policy? (Oxford University Press, 1994), 22–29; Thomas, 
Indian Security Policy, 24. 
15 G. G. Mirchandani, India’s Nuclear Dilemma (New Delhi, India: Popular Book Services, 1968); Steven A. Hoffmann, 
India and the China Crisis (Berkeley, CA: University of California Press, 1990); John Lewis and Litai Xue, China Builds the 
Bomb (Stanford, CA: Stanford University Press, 1991). 
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core defense policies sought to maintain a slight edge in military capabilities against Pakistan, along 

with the defenses necessary for a successful holding operation against China in the Himalayas. 

Indian military leaders concentrated on “defending the country’s borders rather than on strategic 

capabilities,” and built up enough conventional military strength during the 1960s to practice 

effective defense and deterrence.16 Furthermore, India “not only mustered the requisite forces to 

deter and defend against” a Pakistani or Chinese attack, “but had also configured and deployed the 

forces in a credible fashion and had communicated its resolve to the Pakistanti [and Chinese] 

leadership.”17 India was well versed in the art of conventional deterrence.  

 
India’s Nuclear Fuel Cycle Postures  

Despite a firm conventional deterrence policy, India still acquired the capability to rapidly 

produce nuclear weapons. This section details the evolution of India’s nuclear fuel cycle capabilities 

from the 1950s until the 1980s. In brief, India adopted two nuclear fuel cycle postures: (1) an opaque-

sufficient posture from 1964 – 1969, and (2) an opaque-stockpiled posture from 1969 – 1986. Despite the 

potential to leverage direct deterrence benefits from these latent nuclear capabilities, India did not 

initially incorporate either posture into its conventional deterrence strategy, and therefore generated 

dangerous regional security outcomes. 

 
The Evolut ion o f  Plutonium Product ion Assets  in India 

India laid the scientific and technical foundation for a nuclear fuel cycle posture during the 

1950s and early 1960s. In 1958, Indian Prime Minister Jawaharlal Nehru and lead nuclear physicist 

Homi Bhabha began construction on a nuclear infrastructure well suited to the rapid production of 

weapons-grade plutonium. The CIRUS nuclear reactor at the Trombay research complex would 

burn natural uranium to produce high yields of the nuclear weapons optimal isotope plutonium-

239.18 A large reprocessing plant dubbed Phoenix would separate out the various constituent 

isotopes and elements in the spent fuel. “Bhabha and Nehru understood and rhetorically welcome 

                                                             
16 Kavic, India’s Quest for Security, 208; Thomas, Indian Security Policy, 14–27. 
17 Sumit Ganguly, Conflict Unending: India-Pakistan Tensions Since 1947 (New York, NY: Columbia University Press, 2001), 
39. 
18 CIRUS utilized a pressurized heavy water moderated reactor design. This type of reactor can be configured to burn 
natural uranium at a specific rate that produces high yields of weapons-grade plutonium. Specifically, weapons-grade 
contains a low percentage of Pu-240 and a high percentage of Pu-239. The optimal Pu-240/Pu-239 ratio for a nuclear 
weapon is 6%. See Taraknath V.K. Woddi, William S. Charlton, and Paul Nelson, “India’s Nuclear Fuel Cycle: 
Unraveling the Impact of the U.S.-India Nuclear Accord,” Synthesis Lectures on Nuclear Technology and Society 1 (January 
2009): 9. 
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the military potential of the nuclear program, particularly the plutonium production plant.”19 The 

technological decision to build the CIRUS reactor in tandem with the Phoenix plant bestowed India 

with the capacity to produce plutonium at a rapid pace.20 

India acquired a sufficient nuclear fuel cycle posture when the Phoenix reprocessing plant 

became operational in 1964. CIRUS came online four years earlier in July 1960, so the reactor was 

ready to burn uranium rods for Phoenix to separate into plutonium. A series of plutonium 

reprocessing campaigns quickly shrank the Indian time-lag to the bomb. The vacuum in 

transparency mechanisms during the early 1960s allowed India to acquire and deploy its plutonium 

production assets in an opaque configuration at negligible cost. Canada and the United States 

transferred the CIRUS reactor and PUREX chemical isotopic separation process to India before 

safeguards were mandatory for sensitive nuclear technology. At the time, the International Atomic 

Energy Agency (IAEA) was still an appendage of select bilateral United States contracts, and no 

nuclear nonproliferation institutions existed. This opaque technological capability generated a severe 

threat of nuclear weapons acquisition.  

 The production of plutonium at Trombay rapidly transformed India’s sufficient nuclear fuel 

cycle posture into a stockpiled capability to produce nuclear weapons. The United States estimated 

that if CIRUS and Phoenix operated at nominal levels, India would have enough plutonium on hand 

for a single nuclear weapon in 1966, and a “suitable stockpiled of weapons-grade material” by 1967 

at the earliest.21 The assets at Trombay ran into operational inefficiencies, however, that delayed the 

production of a small plutonium stockpile until 1969.22 Key decisions made at the same time 

                                                             
19 George Perkovich, India’s Nuclear Bomb: The Impact on Global Proliferation (Berkeley, CA: University of California Press, 
1999), 34. 
20 Woddi, Charlton, and Nelson, “India’s Nuclear Fuel Cycle,” 5–10. 
21 From 1964 to 1965, the CIRUS reactor burned uranium fuel “in a manner which favors the output of plutonium 
suitable for weapons,” see Director of Central Intelligence, SNIE 31-1-65, “India's Nuclear Weapons Policy,” October 
21, 1965. More specifically, “the fuel has reportedly been removed from the reactor after an average burnup of only 450-
600 MWD/t, which is significantly lower than the 900 MWD/t burnup for which the reactor was designed,” see 
Department of State to Embassy, New Delhi, “Possible Indian Nuclear Weapons Development,” March 29, 1966. The 
Phoenix plant then reprocessed this fuel to yield between 9 and 12 kilograms of liquid plutonium-239, and began 
converting the liquid into solid metal suitable for the core of a nuclear weapon in February 1965. See Office of Scientific 
Intelligence, Central Intelligence Agency, "The Indian Nuclear Weapons Program and Delivery Capabilities," Scientific 
Intelligence Digest, December 1965, p. 11, 13. The conversion and reduction furnace facilities started to produce 
plutonium metal in February 1965 “at the rate of between 250 to 500 grams per week or more, which is sufficient for 
about two weapons per year”. As a result, in 1966 the United States concluded, “Although there is no evidence that 
India has decided to develop nuclear weapons,” the technical configuration of its nuclear fuel cycle posture “hints 
strongly that suitable material is being produced to permit rapid implementation of such a decision,” see Department of 
State to Embassy, New Delhi, “Possible Indian Nuclear Weapons Development,” March 29, 1966. All archival sources 
from Nuclear Non-Proliferation Policy, FOIA files, India, National Security Archive, Washington, D.C. See also Itty 
Abraham, The Making of the Indian Atomic Bomb: Science, Secrecy and the Postcolonial State (Zed Books, 1998), 123. 
22 Woddi, Charlton, and Nelson, “India’s Nuclear Fuel Cycle,” 11. 
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solidified the opaque characteristic of India’s nuclear fuel cycle posture for the next few decades. The 

United States and Soviet Union colluded to establish the Nuclear Nonproliferation Treaty (NPT) 

and linked IAEA inspection regime in 1968. India faced the option to transform the visibility 

configuration of its nuclear fuel cycle capabilities, but, in the end, rejected the NPT to preserve an 

opaque posture.23 

 The decision by India in 1974 to test detonate a nuclear explosive device at Pokhran was a 

crucial moment for its nuclear fuel cycle posture. After demonstrating mastery of the nuclear fuel 

cycle and proficiency in explosive technology with the test, India could have deployed an overt 

nuclear weapons posture. Yet India neither tested nor deployed nuclear weapons until 1998. Instead, 

the decision to test set an oscillatory motion in process: India subsequently swung back away from 

nuclear weapons to reemphasize and buttress its nuclear fuel cycle capabilities. From 1975 to 1986, 

India significantly expanded the facilities, fissile material output, and redundancy of its nuclear fuel 

cycle without the overt deployment of nuclear weapons. 

  
A Latent Nuclear Capabi l i ty  sans Strategy 

India’s nuclear fuel cycle postures bequeathed a robust capability to acquire nuclear 

weapons, but were not configured to meet the three requirements for deterrence. First, India’s 

opaque sufficient and stockpiled postures threatened Pakistan and China with the “capability to 

formally deploy nuclear weapons should that become necessary.”24 However, India did not leverage 

this latent nuclear capability as a direct form of punishment, and merely used its fuel cycle to preserve 

the military option to go nuclear.25  

Second, India saw no need to maintain technology at a constant time-lag, so each posture was 

“authorized, started, and allowed to mature without a clear policy decision about their 

consequences.”26 The Indian strategic community extensively debated the costs and benefits of overt 

nuclear weapons deployment, but the leadership never articulated a clear doctrine laying out what 

actions would cause India to exercise its latent nuclear option. India did not reassure other states that 

it would acquire the bomb only if and when they initiated intolerable behavior. 

                                                             
23 Ashok Kapur, India’s Nuclear Option: Atomic Diplomacy and Decision Making (Praeger, 1976). 
24 Ashley J. Tellis, India’s Emerging Nuclear Posture: Between Recessed Deterrent and Ready Arsenal (Santa Monica, CA: RAND, 
2001), 13. 
25 Kapur, India’s Nuclear Option, 107. 
26 Stephen Philip Cohen, “Nuclear Neighbors,” in Nuclear Proliferation in South Asia: The Prospects for Arms Control, ed. 
Stephen P. Cohen (Boulder, CO: Westview Press, 1991), 9. 
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 The lacuna in strategic policy undermined a final important requirement for deterrence with 

the nuclear fuel cycle. India failed to communicate what exactly it sought to deter with its advanced 

capability to produce nuclear weapons. Indian defense policies relied on conventional military force 

to deal with external border defense and internal stability issues, and eschewed plutonium as a means 

to practice deterrence in these situations. As a consequence, “New Delhi’s latent deterrent 

capabilities were not configured in a way that comports with … what constitutes an ‘adequate’ or a 

‘credible’ deterrent.”27 

 
The Three Consequences of India’s Nuclear Fuel Cycle Postures 

Opaque nuclear fuel cycle postures that fail to meet the requirements for deterrence are 

likely to generate three deleterious consequences: (1) a credible commitment problem that threatens 

adversaries with the prospect of inevitable nuclear proliferation; (2) strong preventive motivations for war; 

as well as (3) severe action-reaction dynamics. This section deducts a series of logics to explain how 

opaque nuclear fuel cycle postures generate each outcome. The history of interaction between India 

and Pakistan confirms the empirical validity of this explanation within South Asia.  

 
Credible  Commitment Problem 

An intractable credible commitment problem emerges when a state acquires the latent 

capability to produce nuclear weapons but fails to issue assurances as part of a strategic deterrence 

policy. Once a state deploys an opaque nuclear fuel cycle posture, it must commit to maintain an 

indefinite time-lag without ever acquiring a nuclear weapon. Two key issues make this task extremely 

difficult. First, path dependencies common to nuclear fuel cycle projects often erode the time-lag 

independent of the adversary’s behavior.28 Second, even if the defender maintains absolute control 

over fuel cycle assets, the adversary may worry about the future.29 Unless the defender devises a 

credible commitment to mitigate these issues, the adversary will conclude that any action on his part 

only pushes the defender further towards the bomb.  

 India’s nuclear fuel cycle technology exhibited several conditions of path dependency with 

positive feedback loops. First, India sunk tremendous set-up investments into its fuel cycle that 

created a high payoff for further use and expansion of the technology. By 1959, the nuclear program 

constituted almost one third of India’s entire research budget, and employed over 1,000 scientists 
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and engineers.30 Construction on the reactor and reprocessing facilities at Trombay consumed 

tremendous sums of capital, and needed to generate some type of return. Since the economic 

benefits from an ultra-advanced fuel cycle lay beyond the horizon of even the most sophisticated 

civilian nuclear energy programs at the time, a stockpile of weapons-grade plutonium provided an 

immediate political and strategic product. 

India also matched its reprocessing facility with a compatible nuclear reactor that multiplied 

the benefits of using, and the costs of not using, the full set of technologies. The PUREX chemical 

isotopic separation process was specifically designed to deal with the nuclear waste produced by the 

heavy water moderated CIRUS reactor. A decision not to process spent fuel at the Phoenix plant 

would create high costs across the entire nuclear infrastructure as the waste product accumulated. 

The intrinsic expense of letting Phoenix lay fallow once it came online in 1964 presented India with 

a unique opportunity to send a costly signal and reassure its adversaries. Yet India lacked a clear 

strategy to use this latent nuclear capability as a direct means of deterrence, and therefore saw no 

reason to incur such path dependent costs. 

 A myopic focus on China blinded India from the option to assuage Pakistan’s fear of the 

future as the plutonium reprocessing operations began at Trombay. “Such was the Indian concern 

with China that Pakistani fears and anxieties were not given much heed.”31 The Indians did not 

recognize any risk from upsetting the balance of power with Pakistan, and “apparently made no 

attempt whatsoever to convince Pakistan that she would not be attacked.”32 Throughout the 1960s, 

Indian leaders maintained a strong rhetorical commitment not to produce nuclear weapons, even as 

the opaque Phoenix plant produced significant quantities of plutonium. This paradoxical policy 

“implied that India would not make nuclear weapons but would constantly threaten to do so.”33 As India 

confronted an emerging nuclear China in 1964, there was little thought of what effect this relentless 

threat would have on Pakistan.  

Without an articulation of what India wanted to deter, or a credible reassurance to freeze 

prior to the bomb, Pakistan could not determine whether India’s 1964 opaque-sufficient posture 

represented a latent nuclear breakout option or an active nuclear weapons program. Pakistan viewed 

the opaque posture with alarm, and considered Indian mastery of plutonium reprocessing to be a 
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“technical watershed” moment.3435After the Phoenix reprocessing plant came online, Pakistani 

President Ayub Khan held a secret meeting with senior United States intelligence officials in 

November 1964 to express his fear that India had started to produce nuclear weapons: 

 
[Khan] expressed deep concern at prospect of rapidly developing Indian nuclear capability 
which could be readily converted from peaceful to war-like purposes. He noted lack of 
provision for international inspection of Indian nuclear plants and noted growing indications that 
Indians may be tempted to exploit their opportunity to get into nuclear weapons field … 
[Khan] was skeptical as to ability of other nations to influence India in this matter.36 

 
Khan perceived India’s opaque configuration of its nuclear fuel cycle assets at Trombay to be a clear 

and direct threat of nuclear proliferation.  

In 1965, Zulfikar Ali Bhutto articulated a similar fear in his infamous ultimatum. “If India 

builds the bomb, we will eat grass or leaves, even go hungry, but we will get one of our own.” 

Bhutto’s oft-repeated axiom originated as a reaction to India’s announcement that the Phoenix plant 

was operational in 1964, and his statements kept pace with India’s rapid transition to an opaque-

stockpiled posture.3738 In a speech at Larkana on December 29th, 1966, Bhutto lamented,  

 
Pakistan faces a problem of extraordinary magnitude. … In our own region, India, which is 
reported to be on the threshold of becoming nuclear and for Pakistan the only country that really 
matters in this context, opposed the [Nuclear Nonproliferation Treaty] … For us, the nuclear 
threat is real and immediate.39 

 
Key political and military leaders in Pakistan believed India’s acquisition of opaque plutonium 

production technology put them on an inexorable march to nuclear weapons. Pakistan therefore 

faced strong motivations to achieve military objectives before India went nuclear, and to match 

India’s nuclear fuel cycle capabilities.  

 
Prevent ive  Motivat ions for  War 

A nuclear fuel cycle posture that fails to solve the credible commitment problem creates 

strong pressures for preventive war. This situation arises when an adversary believes its power and 
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capability are in decline relative to a rising defender, and fears the future consequences of this 

transition.40 In bargaining terms, “if B’s expected decline in military power is too large relative to B’s 

costs for war, then state A’s inability to commit to restrain its foreign policy demands after it gains 

power makes preventive attack rational for state B.”41 Nuclear fuel technology can create strong 

motivations for preventive war because nuclear weapons change the fundamental power and 

offense-defense relationship between states.42 As the current situation between Iran and Israel makes 

clear, the most intuitive result would be for B to strike A’s fuel cycle assets now to prevent A from 

going nuclear later and undermining B’s relative security.  

A distinct and different type of preventive war situation emerged between India and Pakistan 

before the Second Kashmir War in 1965. When India deployed an opaque-sufficient posture, it 

started to cross “a particular threshold of military power, leading to a step-level power shift” in 

future potential nuclear capability relative to Pakistan.43 Pakistan faced a strong incentive to attack 

and achieve conventional military objectives before India acquired a nuclear deterrent. India 

exacerbated this structural pressure by failing to meet the requirements for deterrence with its 

nuclear fuel cycle posture, and did not reassure or send a costly signal of nonacquisition to Pakistan. 

Although Pakistan perceived an inevitable nuclear transition, it did not seek to retard this process with 

direct strikes on nuclear fuel cycle assets. Rather, Pakistan sought to accomplish other military missions 

before it faced an adverse balance of power. 

In the spring of 1965, Pakistan set out to achieve political and military aims in the Kashmir 

Valley. Ayub Khan authorized military probes of Indian defenses near the Arabian Sea and in Kargil. 

Over the summer, Pakistan used guerilla troops in an attempt to spark a rebellion in Indian-held 

Kashmir. In response, several thousand Indian troops successfully repelled the infiltrators and 

hunted them into Pakistanti-held territory. These limited incursions were precursors to a major 

gambit launched by Pakistan on September 1st, when President Khan moved armored forces into 

southern Kashmir to drive Indian defenders into retreat. After ten days of intense fighting, the 

Indian Army counterattacked with air support and then moved armored divisions towards Lahore to 
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stabilize a front fifteen miles inside the Pakistani border. With the Pakistani military operation 

roundly defeated and Kashmir under firm military control, India accepted a favorable United 

Nations cease-fire on September 22nd, 1965. 

Given India’s robust conventional deterrence posture, Pakistan’s decision to attack Kashmir 

poses an interesting puzzle best explained by the logic of preventive war.44 The Pakistani leadership 

was “well aware that India had substantial military capabilities, had deployed them in a fashion to 

tackle a Pakistani incursion, and had, repeatedly, expressed a willingness to use them as deemed 

necessary.”45 But, most important, Pakistan faced a significant shift in the regional balance of power 

with India in the early 1960s. “Western arms aid and the Indian defense buildup following the Sino-

Indian war foreshadowed for Pakistan a seriously adverse shift in the balance of power.”46 On the 

conventional ledger, India imported nearly $300 million worth of arms from the United States and 

the United Kingdom from 1962 to 1964, and Khan feared the large infusion of arms would give 

India “a distinct qualitative and quantitative edge over Pakistan.”47 India’s deployment of an opaque-

sufficient nuclear fuel cycle posture in 1964 compounded the situation. “In view of its known 

nuclear capacity, India was capable of sharply tipping the balance of military power against Pakistan 

… within a comparatively short time.”48 Pakistan believed it would soon confront a nuclear-armed 

India with superior conventional force.  

 The conventional and nuclear parameters of India’s power transition created strong motives 

for President Khan to accomplish objectives in the Kashmir Valley before the window of potential 

military action firmly closed. The power shift catalyzed a ‘now-or-never’ strategic calculus. In the 

face of Indian defense buildups and plutonium production campaigns, “Pakistani political and 

military leaders came to believe that they either had to move against … Indian forces soon or 

permanently reconcile themselves to the ‘loss’ of Kashmir.”49 Beyond Kashmir, Pakistan worried 

that India’s nuclear fuel cycle posture would soon “leave Pakistan in a weaker position on the 

subcontinent, and few Pakistanis thought India would deal fairly from a position of strength. Indeed, 
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as India’s indigenous defense production capability grew and as it acquired the capacity to produce nuclear 

weapons, New Delhi would be even less susceptible to the influence of the world community.”50 

India’s conventional arms buildup therefore interacted with its opaque-sufficient nuclear fuel cycle 

posture to create strong preventive motivations for war. 

In sum, Pakistan’s aggressive move to seize territory in the Kashmir Valley underscores the 

failure of India’s conventional and nascent plutonium production capabilities to maintain the status 

quo as a strategy of general deterrence. India’s nuclear fuel cycle posture was not perceived by 

Pakistan to constitute an actual deterrent capability, and merely exacerbated the pressure to resolve 

the Kashmir despite before nuclear weapons changed the parameters for war fighting between the 

two adversaries. 

 
Action-React ion Dynamics   

Opaque nuclear fuel cycle postures increase the likelihood of competitive action-reaction 

dynamics. If the defender cannot commit to nuclear restraint when it deploys an opaque posture, 

adversaries will place great value on resistance. Rather than persuade the adversary to maintain the 

status quo or comply with demands, the dynamic threat process engendered by the fuel cycle only 

increases the willingness of the adversary to react with internal and external balancing efforts. Other 

regional powers could initiate a fuel cycle program as retaliation in kind or build up conventional 

military power. At the external level, regional and superpower states may craft a countervailing 

alliance coalition. Nuclear fuel technology can therefore spark a security dilemma situation. The 

defender may end up with less security and military capability relative to its prior pure conventional 

force posture. 

India’s transition to an opaque-stockpiled nuclear fuel cycle posture initiated such a chain 

reaction with Pakistan. From 1972 to 1986, India and Pakistan engaged in a four-stage visible arms 

race to match and increase indigenous nuclear fuel cycle capabilities relative to one another. The first 

stage began in 1972 with Pakistan’s initiation of a domestic nuclear weapon program. Although 

Pakistan moved as quickly as possible to acquire an independent nuclear deterrent under external 

constraints, it repeatedly raced to match nuclear fuel cycle capabilities relative to India. The second 

stage of the race started in 1979 when India detected Pakistan’s nuclear fuel cycle facilities, but was 

unable to determine whether Pakistan had produced weapons grade fissile material. A preventive 
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attack posed too great a risk of retaliation. India therefore reacted with a significant increase in their 

fuel cycle output capability.  

The third stage from 1980 to 1984 marked the most dangerous period for the sub-arsenal 

arms race, as Pakistan transitioned to an opaque-stockpiled posture and a preemption crisis in 1984 

nearly escalated to conventional counterforce exchanges against nuclear fuel cycle facilities. 

Although this transition period created a brief danger zone in South Asia, India and Pakistan 

managed to stabilize the strategic relationship through mutual increases and redundancies in nuclear 

fuel cycle capabilities. As a consequence, the final stage of the arms race began in 1985, as this spiral 

severely shrank the time-lag to actual force deployment of a nuclear arsenal. By 1986, Pakistan had 

enough highly enriched uranium on hand to manufacture a nuclear device. In reaction, Indian 

nuclear policy again exercised the fuel cycle option, as this strategy yielded them security benefits 

relative to the costs of an overt deployment of nuclear weapons. Specifically, India’s opaque-

stockpiled posture was calculated “to be sufficient to deter a nuclear attack by Pakistan” while 

avoiding “the further exacerbation of bilateral nuclear tensions, which could provoke an 

unrestrained regional nuclear race.”51 India and Pakistan maintained these dueling opaque-stockpiled 

nuclear fuel cycle postures until they officially left the case universe by testing and subsequently 

deploying overt nuclear arsenals in 1998. 

 
(2) Compellence in East Asia: Plutonium Brinksmanship 

 In contrast to India, North Korea avoided the deleterious consequences of an opaque-

sufficient nuclear fuel cycle posture, and achieved its main security objectives in the early 1990s. The 

North Korean case study unfolds in three sections. The first presents North Korea’s security 

situation at the end of the Cold War and joint deterrence-compellence strategy. The second section 

gives a brief overview of the opaque-sufficient nuclear fuel cycle posture deployed at the Yongbyon 

nuclear research complex. The third section examines how Pyongyang used this latent nuclear 

capability to compel material resources from the United States in the early 1990s. 

 
North Korea’s post-Cold War Security Environment and Defense Policies 

As the Cold War ended, North Korea’s structural situation changed along three dimensions. 

First, the collapse of the Soviet Union left the United States as the lone superpower. The 

international system transformed into a unipolar power structure with North Korea’s Cold War rival 
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at the center. Second, South Korea’s juggernaut economy grew at a rapid pace to eclipse North 

Korea as the dominant regional power.52 Third, North Korea lost patronage from the Soviet Union 

and China. These states buttressed North Korea’s economic and military power, and constituted an 

important part of the material situation Pyongyang faced during the Cold War. Moscow subsidized 

the majority of North Korean energy imports, military hardware, and consumer goods, while China 

provided the rest. After the Cold War, however, Russia terminated the traditional concessional 

system and demanded hard currency for exports at market value to North Korea. China 

subsequently followed Moscow’s lead, and North Korea found itself with a devastating shortfall in 

energy imports that crippled the economy.53  

North Korea developed a joint security posture to achieve two main security objectives in 

this constrained post-Cold War environment. Foremost, North Korea adopted a strategy of 

deterrence by punishment to dissuade much stronger adversaries from unacceptable aggression. 

Pyongyang reconfigured its conventional forces to achieve a virtual assured retaliation capability 

against Seoul and other United States assets in East Asia.54 Pyongyang’s second objective was to 

compel material resources from foreign governments.55 North Korea required new sources of 

foreign assistance to sustain its autarkic economy and the conventional capabilities necessary for 
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deterrence. Since no states volunteered to sponsor North Korea, Pyongyang targeted the United 

States to extract material and political concessions. If Pyongyang’s means of punishment did not 

exact direct kinetic damage against the US, then the costs of resistance – especially military action – 

would far outweigh the cost of giving up a relatively small slice of material resources. In an ironic 

twist, the preeminence of American power made it a ripe target for Pyongyang’s compellence 

strategy.56 

 

The Opaque-Sufficient Nuclear Fuel Cycle Posture at Yongbyon 

With the United States as the primary target, North Korea crafted a means of indirect 

punishment with the nuclear fuel cycle. Throughout the Cold War, North Korea used limited 

conventional provocations, special operation missions, and acts of terrorism to coerce and compel 

the United States, South Korea, and Japan.57 North Korea eschewed its traditional reliance on these 

kinetic capabilities and used nuclear fuel cycle assets to practice the new strategy of compellence. 

This section details the technological and visibility characteristics of the nuclear fuel cycle posture 

deployed at the Yongbyon research complex. 

 North Korea laid the foundation for its nuclear fuel cycle posture during the Cold War as 

part of an indigenous military program. Soviet assistance helped bring a small research reactor and 

radiochemical laboratory to fruition in the 1960s. In the late 1970s, Kim Il Sung decided to “to 

initiate a nuclear weapons program, which was to include a rapid expansion of the Yongbyon 

facilities.”58 Work began in 1980 on a gas graphite natural uranium reactor at Yongbyon well suited 

to the production of weapons-grade plutonium in the spent fuel.59 By 1984, the reactor neared 

completion, though the North Koreans needed Soviet assistance to finish the project.60 In 1985, 

Moscow induced Pyongyang to accede to the NPT in return for technical assistance, and reactor 
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operations began one year later.61 The decision to build up the Yongbyon complex originated as a 

means to acquire nuclear weapons, but, once North Korea’s situation changed, the nuclear 

infrastructure was available to practice compellence with the nuclear fuel cycle. 

As the Cold War entered its final phase in 1989, North Korea began construction on a 

massive plutonium reprocessing plant at the Yongbyon nuclear research complex.62 Within three 

years, work on the facility reached a terminal stage.63 Much like the India’s Phoenix facility, the huge 

plant at Yongbyon could be used to produce large quantities of weapons-grade plutonium. 

Pyongyang thereby acquired the capability in 1991 sufficient to credibly threaten nuclear weapons 

acquisition against the United States. The visibility characteristics linked this latent capacity to 

security strategy. Although party to the NPT, North Korea did not place the reprocessing plant 

under international safeguards, and left the extent of its plutonium production capabilities 

ambiguous. In the face of this opaque configuration, the United States assumed military intent, and 

believed North Korea was communicating a threat of arsenal acquisition. 

 
The Four Stages of Compellence between Pyongyang and Washington 

This section examines the consequences of North Korea’s opaque-sufficient posture. In 

contrast to New Delhi, Pyongyang configured its nuclear fuel cycle to be a direct strategic capability, 

albeit as a means of compellence rather than deterrence. To compel political and material 

concessions from the United States without engendering harmful consequences, North Korea 

needed to (1) introduce a dynamic threat of nuclear weapons acquisition against the United States; 

(2) communicate clear conditions under which punishment with the nuclear fuel cycle would cease 

once the United States complied; (3) couple those demands with a credible promise to freeze and 

eliminate the plutonium production assets at Yongbyon. The four stages of compellence that 

unfolded between 1991 and 1994 reflect these strategic requirements.  

 

First  Stage (Apri l  1991 – March 1993):  Plutonium Subter fuge and the Prol i f erat ion Threat 

During the first stage, North Korea established a threat of proliferation against the United 

States. In response to the opaque-sufficient posture at Yongbyon, Washington demanded that the 
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plutonium production assets be made transparent with a comprehensive IAEA safeguards 

agreement. At the outset, North Korea made fuel cycle transparency contingent on economic and 

political concessions. From April to December 1991, the United States coordinated a campaign to 

reward North Korea for NPT-IAEA compliance with the promise of expanded trade and 

withdrawal of tactical nuclear weapons from the peninsula. In January 1992, North Korea signed a 

safeguards agreement with the IAEA. For the United States, the threat of proliferation waned 

slightly as Pyongyang began to shine light on its plutonium production assets at Yongbyon. 

North Korea subsequently cooperated with the IAEA to demonstrate mastery of the 

technology and skill required to produce plutonium, but kept the most sensitive and threatening 

node – the reprocessing capability – shrouded in ambiguity.64 In May 1992, North Korea submitted 

a formal declaration of its nuclear infrastructure to the IAEA, and claimed to have produced about 

90 grams of plutonium during a single reprocessing campaign in 1990. North Korea did not declare two 

conspicuous facilities near the reprocessing plant the United States believed were nuclear waste 

storage vaults capable of holding large quantities of fissile material. IAEA teams inspected the 

nuclear complex from May to August 1992, and uncovered isotopic evidence that North Korea had 

conducted four distinct plutonium production campaigns in 1989, 1990, 1991, and early 1992. Rather than 

mitigate the proliferation threat, the IAEA inspections uncovered hard evidence of North Korean 

plutonium subterfuge. 

With the backing of the United States, the IAEA demanded North Korea implement 

transparency measures, and allow special inspections of the Yongbyon reactor and reprocessing 

plant to clear up the plutonium inconsistencies. Pongyang refused these demands, and maintained an 

opaque patina over its deceptive operation record. In an interesting move, North Korea allowed the 

IAEA to maintain remote surveillance devices at the reactor – video cameras, unique seals, and 

other instruments – to monitor any future diversion of fuel to the reprocessing plant.65 Pyongyang 

could manipulate this window into its nuclear fuel cycle activities to generate a dynamic risk of 

proliferation. The foundation for compellence was set. To start the process, Pyongyang merely 

needed to initiate a more dynamic threat to acquire nuclear weapons.66 
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Second Stage (March 1993 – March 1994):  Dynamic Threat o f  Punishment Ini t iated   

An active compellence process started on March 12th, 1993 when North Korea announced 

its intent to withdraw from the NPT in 90 days. Washington believed the maneuver started a 90-day 

countdown to the production of fissile material and nuclear weapons, which placed tremendous 

pressure to begin immediate negotiations with North Korea. In addition, the proliferation threat 

strengthened North Korea’s “bargaining position with foreign governments seeking to stop it … 

Pyongyang could use such leverage to promote its objective of regime survival, perhaps by obtaining 

security assurances or other benefits.”67 Yet North Korea did not issue a clear set of demands along 

with the withdrawal threat. Despite this tactical oversight, Washington concluded that North Korea 

was “setting the stage to negotiate with the United States on a package that would secure the greatest 

benefits on the easiest terms possible,” and that its nuclear fuel cycle posture appeared to be 

“consistent with this strategy.”68 

Negotiations with the United States began in June 1993. In the opening meeting with 

American chief negotiator Robert Gallucci, North Korean chief delegate Kang Sok Ju reviewed 

North Korea’s latent nuclear capability, preliminary demands, and vague promise to stop the threat 

of punishment. Kang emphasized “Pyongyang had the ‘capability’ to build such weapons, but going that 

route made little sense since the United States had a large nuclear arsenal … Kang proposed a deal. 

If the United States stopped threatening North Korea, his country would commit itself never to 

manufacture nuclear weapons.”69 Kang also revived a request for energy assistance and modern light 

water nuclear reactors. Galluci demanded a freeze on nuclear fuel cycle activities coupled with 

transparency mechanisms, and stressed that NPT withdrawal would generate punitive action against 

North Korea. Kang retorted that punitive resistance to the compellence process would be futile, as 

North Korea would simply “proceed to extract enough plutonium from its spent fuel rods to build 

one or two weapons.”70  North Korea’s threat to escalate its nuclear fuel cycle posture if the United 

State did not comply deadlocked the first round of negotiations.  

                                                             
direct costs against the United States. Since nuclear deterrence favors the defender, the United States would also suffer a 
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67 Joel S. Wit, Daniel B. Poneman, and Robert L. Gallucci, Going Critical: The First North Korean Nuclear Crisis 
(Washington, DC: Brookings Institution Press, 2005), 37. 
68 Ibid., 37, 32. 
69 Ibid., 53. 
70 Ibid., 55. 
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 After this initial deadlock, North Korea learned to modulate three visibility dimensions of its 

opaque nuclear fuel cycle posture to punish or reassure the United States. First, Pyongyang held 

hostage the historical record of plutonium production contained within the spent fuel rods at the 

Yongbyon reactor. If these rods were dissolved and reprocessed, then the evidence of North 

Korean fissile material production would be lost forever. Second, North Korea informed the IAEA 

that it would shut down the reactor at some point in the future to remove the irradiated spent fuel. 

Unless North Korea allowed the IAEA to monitor this defueling process, the United States would 

not know if any of the spent fuel rods were diverted to the plutonium reprocessing plant. Third, the 

maintenance of continuity in IAEA safeguards was a major concern for Washington. If the 

surveillance devices at the reactor ran out of batteries or film, then North Korea could divert fuel to 

the reprocessing plant without detection. Since the IAEA functioned as a credible conduit of 

information on nuclear fuel cycle activities at Yongbyon, North Korea used the agency to both 

threaten and assure the United States.  

As subsequent negotiations with Washington produced mixed results, Pyongyang leveraged 

these visibility issues to dampen and then exacerbate the threat of proliferation. North Korea 

allowed the IAEA to perform maintenance on the monitoring equipment at Yongbyon in May 1993, 

and “install a new device at the reactor that would help monitor operations when the rods were 

unloaded.”71 Yet the United States remained obdurate and continued to resist North Korean 

demands for significant concessions. In response, Pyongyang funneled a credible threat to 

Washington through IAEA inspections in March 1994.72 Inspectors discovered that North Korea 

had quietly doubled its capacity to produce plutonium at Yongbyon. As a result, cooperation with the 

IAEA “smacked of a ploy to build up negotiating leverage.” The inspections indicated that “might 

ramp up its nuclear weapons program rapidly if diplomacy failed.”73 North Korea made it clear that 

if the United States continued to rebuff its demands and threaten punitive action, then the nuclear 

threat vector from the Yongbyon assets would be escalated.  

 
Third Stage [Apri l  1994 – June 1994]:  To the Brink of  War with Plutonium 

 By the spring of 1994, Pyongyang had steadily threatened to punish Washington with the 

production of a North Korean nuclear weapon for over a year. The United States resisted North 
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Korea’s threat of punishment with the nuclear fuel cycle, and refused to capitulate without a firm 

promise to freeze and dismantle the plutonium reprocessing capability at Yongbyon. The 

compellence process had failed to yield any tangible benefits for North Korea. The time was ripe to 

initiate actual punishment by decreasing Pyongyang’s time-lag to the bomb. North Korea pushed the 

situation to the brink in an effort to force the United States to negotiate a package of material and 

political concessions. 

 North Korea initiated a plutonium production crisis to punish the United States by taking a 

major step towards nuclear weapons. On April 19th, North Korea informed the United States that 

the spent fuel rods at the Yongbyon reactor would be unloaded in preparation for separation into 

weapons-grade plutonium because Washington had no intention of giving Pyongyang anything. The 

IAEA could be present to verify that none of the fuel rods were being diverted, but would not be 

able to verify the exact locations of certain key rods in reactor core as they were removed. This 

limitation would destroy the history of plutonium production, and crossed a clear redline drawn up 

previously by the United States during the June 1993 negotiations. North Korea also noted that 

since the unloading process was set to begin on May 4th, if the United States capitulated to “a 

package solution” during the interim, then the IAEA “might be allowed to select and segregate fuel 

rods”74. North Korea’s unsupervised defueling “would both force the [United States] to react and 

increase Pyongyang’s bargaining leverage by presenting a fait accompli that [Washington] would 

need to pay a higher diplomatic price to reverse.”75 To stop this punishment, the United States 

would need to capitulate or execute a preventive military strike.  

 North Korea began to unload fuel from the reactor on May 12th without IAEA inspectors 

present. In a nod to the aforementioned visibility issues, Pyongyang claimed it was preserving the 

historical information of past reprocessing in the rods, and noted that the defueling process would 

take about two months to complete, which left “ample time for the United States and North Korea 

to strike a deal.”76 But when the IAEA team arrived several days later on May 19th, they “discovered 

that Pyongyang’s unloading of the spent fuel was proceeding at twice the expected rate since it had two, 

not just one, machines to discharge the fuel…it looked as though the rods would be removed in a matter of 

weeks.” Second, the North Koreans were also unloading the rods “in a manner guaranteed to destroy 

the historical information needed” to measure and verify past use.77 After these revelations, 
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Pyongyang “threatened to escalate the crisis dramatically by expelling IAEA inspectors and disabling 

the agency’s monitoring equipment,” if the United States cancelled negotiations.78  

In June, while the United States considered how to respond to the defueling crisis, the IAEA 

approved independent sanctions against North Korea. Pyongyang withdrew from the IAEA and 

expelled inspectors from Yongbyon. With total opacity over the plutonium assets, the United States 

considered a preventive strike against North Korea. Dubbed the ‘Osirak option,’ senior political-

military officials and the President weighed three possibilities for attacking Yongbyon. First, a 

surgical strike on the reprocessing facility posed the least risk and cost, but would be ineffective if 

the North Koreans had secretly produced significant quantities of plutonium and moved the fissile 

material away from the vulnerable Yongbyon complex. Second, an expanded strike on the entire 

Yongbyon complex reduced the risk of leaving fissile material in North Korean hands. However, 

both of these options were likely to catalyze kinetic punishment from North Korea’s deterrent 

capabilities. Thus, the third option envisioned a general preventive strike on Yongbyon and the 

North Korean leadership (plus military command and control assets) to reduce Pyongyang’s ability 

to perform military retaliation missions. Again, the potential costs of conventional retaliation from 

North Korea’s deterrent forces were deemed unacceptable. When President Bill Clinton asked 

General Gary Luck, the Commander of United States Forces Korea, whether the United States 

would eventually win such a conventional war, General Luck replied, “Yes, but at the cost of a 

million [civilian causalities] and a trillion [dollars in economic damage to South Korea].”79 The 

United States backed away from the preventive strike option and instead imposed sanctions against 

North Korea. North Korea’s plutonium brinksmanship had failed again to produce immediate 

compliance from the United States. 

 
Fourth Stage (June 1994 – October 1994):  Endgame  

The situation between North Korea and the United States teetered on the brink of war until 

the intervention of a third party brought both sides back to the negotiation table. North Korea 

ratcheted up the latent nuclear threat and punished the United States, but Washington continued to 

resist. Each escalation during the defueling crisis only solidified intransigence on both sides. The 

unofficial visit of former United States President Jimmy Carter with Kim Il Sung in mid-June 

thawed the deadlock. North Korea made a credible promise to freeze and dismantle its plutonium 
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fuel cycle program under full IAEA auspices, and the United States capitulated to a package of 

material and political concessions. 

 With North Korea’s key promise on the table to stop the punishment with the fuel cycle in 

return for concessions, the compellence process entered its terminal stage. The United States and 

North Korea reached a rough outline of an agreement in August 1994. North Korea would forgo 

future production of plutonium, freeze construction on all nuclear fuel cycle projects, seal the 

reprocessing facility for eventual dismantlement, and ship the irradiated fuel rods out of the country. 

Cooperation with the IAEA at each step provided a credible system of verification for the United 

States. In return, the United States agreed to: (1) provide North Korea with $4 billion in modern 

proliferation-resistant nuclear reactor technology; (2) ship $50 million in heavy fuel oil each year to 

the beleaguered state; (3) open barriers to trade, investment, and diplomacy; (4) as well as issue 

formal assurances against the threat or use of nuclear weapons. After several months of tough 

negotiations over the details of this package, North Korea and the United States signed the Agreed 

Framework on October 21, 1994. The compellence game ended with an unscathed North Korea 

getting what it wanted from a reluctant global superpower. 

 
(IV) Deterrence versus Compellence with the Fuel Cycle: Towards a Systematic Theory 

 Two propositions can be induced from the case studies of India and North Korea. First, 

India demonstrates that an opaque nuclear fuel cycle posture does not automatically confer deterrent 

advantages, and must be embedded within a state’s overall security strategy to avoid deleterious 

consequences. Opaque postures do indeed threaten other states with the prospect of nuclear 

weapons acquisition in the near future. Unless the defender controls this latent nuclear threat with 

the sort of assurances required by a deterrent strategy, the deployment of an opaque nuclear fuel 

cycle posture is likely to generate a credible commitment problem, preventive motivations for war, 

and a severe security dilemma. 

 Second, North Korea illustrates that opaque postures provide a very effective means to 

compel concessions from an adversary. Pyongyang made a few tactical errors during the nuclear 

compellence process with Washington. It often issued vague demands and promises that made the 

United States prone to resist the threat of proliferation. Yet a steady decrease in the time-lag to 

nuclear weapons acquisition coupled with a firm promise to eliminate the fuel cycle generated a 

successful compellent outcome. The threat of potential nuclear weapons acquisition and price of 

preventive war far outweighed the cost of material concessions for the United States. Nuclear fuel 
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cycle capabilities can be leveraged to generate a dynamic and credible punishment process well 

suited to the practice of compellence. 

 Although these propositions elucidate the causal effects of opaque nuclear fuel cycle 

postures in South and East Asia, a full theory should travel to other regions. The larger dissertation 

project models the strategic interaction between a state with different nuclear fuel cycle postures and 

its potential adversary to deduct an exhaustive array of outcomes for both deterrence and 

compellence scenarios. The key take home is that a nuclear fuel cycle posture is an effective means 

to practice compellence, but in contrast to nuclear weapons, remains quite difficult to use as a 

deterrent. Argentina, Brazil, Iran, Italy, Japan, and Pakistan exhibit variation in both nuclear fuel 

cycle postures and deterrence-compellence outcomes, and therefore help generalize these results 

from South and East Asia.80 

A systematic theory of nuclear fuel cycle postures has important policy implications for the 

two most vexing nuclear security threats today: North Korea’s nascent nuclear weapons posture and 

Iran’s uranium enrichment program. In the wake of North Korea’s 2006 and 2009 nuclear weapons 

tests, Pyongyang now faces a tradeoff between continuing to use its nuclear program as a means of 

compellence and the gradual solidification of nuclear deterrence. Nuclear weapons are very effective 

instruments of deterrence, but have limited coercive utility. If North Korea continues down the path 

that eventually leads to a direct nuclear deterrent relationship with the United States, then it must 

fundamentally rethink how to practice compellence. Failure to resolve this emerging dilemma 

between compellence and deterrence will eventually push North Korea into a danger zone of 

nuclear crisis instability with the United States. 

 Iran also faces a critical juncture. Over the last decade, Tehran punted the decision to 

produce actual nuclear weapons, and maintained an opaque uranium enrichment program sufficient 

to severely threaten other states with an Iranian bomb in the near future. Iran seems unlikely to 

adopt a transparent posture similar to Japan or Brazil. As nuclear fuel cycle facilities expand and the 

program inches towards the production of weapons material, Tehran must decide whether to 

leverage its opaque posture as an instrument of deterrence or compellence. Last week, Israeli Prime 

Minister Netanyahu brandished a marker pen at the United Nations to draw a dramatic red line 

between Iran’s current posture and its future shift to an opaque-stockpile of weapons-usable 

uranium. Tehran’s adversaries in the Middle East already view its fuel cycle as a latent strategic 
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capability. India underscores the hazards that stem from ignoring the threat generated by the fuel 

cycle, while North Korea makes clear the necessity of issuing clear demands and credible promises 

along with compellent threats. To avoid India’s fate, Iran should drop the ruse that it is pursuing a 

civil nuclear energy program, and embed the nuclear fuel cycle within an explicit strategic 

framework.  


