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Introduction


A trip to Yucca Mountain (Nye County, Nevada) must be planned carefully. In the spring of 2012, I was accompanied there by Tom, a retired scientist. We left before sunrise from the town of Summerlin. He was well prepared, sporting a pick-up van with sufficient machinery to climb a mountain, a professional camera for landscape photography, another one to self-film, and a bag containing zooms and lenses. I carried water and my notebook, as if it were any other day at the office. For safety, we had shared our GPS coordinates with at least two people. This was “the desert rule,” Tom said. After driving almost two hours, we crossed Amargosa Valley, home to the Shoshone and Paiute peoples and the Nevada Test Site—one of America’s most important atomic bomb–testing sites. We were close to our destination, but the usual road to the mountain was closed, so we made the necessary detour and approached the mountain from behind. As we climbed the bumpy path, we passed a Portaloo made of plastic, left abandoned by the side of the road. This defunct repository for waste was a sign of what was to come.

To reach the inaccessible side of the mountain, I needed to climb the last hundred meters on foot. I wanted to see what remained of a deep geological repository project that had once been planned to contain the entirety of the United States’ high-level nuclear waste for a million years. As I stepped onto the soil, I picked up a branch from the low-lying, dark grayish-green, and thorny thicket that covered the mountain. Tom said that it was “blackbrush,” native to the deserts of the southwestern United States, and suggested I smell it. I inhaled a deep scent of smoke. Hardly a coincidence, as the mountain itself was created by ash falling from volcanic eruptions more than ten million years ago. Over millennia, that ash transformed into “tuff,” a type of rock. The crest of Yucca Mountain was formed by the movement of the layers of tuff created as a result of geological forces, and it is crisscrossed by fractures formed by the cooling of the volcanic units. Its geological properties, among many other things, had led the US Congress to designate Yucca Mountain as the sole candidate site to isolate the country’s mounting high-level nuclear waste deep inside. Over the ensuing decades, policymakers and institutional experts developed a sophisticated set of technoscientific, financial, legal, economic, material, and political arrangements to produce that containment. Reaching the top of Yucca Mountain, amid an abundance of land and sky, evidence of this project now surrounded me. But all was in a state of arrested development: the worksites emptied of workers, the landscape abandoned. Having lost its funding from Congress, the planned repository—the only one of its kind—was being dismantled.

Over the course of just a few months, I watched as stunned scientists and other employees were let go or reassigned, contracts were terminated, materials were transferred to other federal sites, and equipment (so highly specialized that it was hard to imagine who else would buy it) was put up for sale. Some who had dedicated their careers to the project, like Tom, held out hope that it would be revived; however, many others recommended moving on. For my part, I was left wondering. What did the Yucca Mountain project’s abrupt termination mean for the US nuclear waste policy’s future and the fate of nuclear waste? And, moreover, what does the story of its demise tell us about our capacities—and incapacities—to ethically address challenges facing humans and the planet? The case of nuclear remains, I realized, dramatizes the vital nature of such questions, revealing how efforts to create “desirable” linkages between the past, present, and future are not only key to achieving a “good” society but perhaps also to having any livable futures at all.

[image: ]
Nuclear Remains probes how institutions, experts, and communities grapple with the temporal, political, epistemological, and ethical issues that arise when policymakers decide that dealing with the long-lasting remains of existing human activities requires action in the present. Through the case of US nuclear waste,1 it analyzes how concerned actors attempted to define the terms of “responsible action” and translate these into a whole series of arrangements2 for taking care of radioactive materials that aimed to establish “good” relations between the past, present, and future. Putting these arrangements into practice, however, turned out to be more difficult than anyone had anticipated or was prepared for. This set into motion complex political debates, financial calculations, economic negotiations, budgetary instruments, and other processes that constituted key sites of valuation and revaluation where temporal relations were continually remade. By unpacking how, when, and where specific arrangements were formulated to collectively produce the physical isolation of nuclear remains deep underground, and by tracing the trajectories they followed over time, this book offers a broader reflection on the challenges involved in producing long-term oriented action.

The US Congress legislated the Nuclear Waste Policy Act of 1982 based on the principle that morally and politically desirable action necessitated the long-term isolation of high-level nuclear waste from humans and the environment for deep time, and it decided that the best way to do this was through geological repositories. This was followed by the adoption of the Nuclear Waste Policy Act Amendments of 1987 that designated Nevada for the building of such a repository project at Yucca Mountain. But after $13.5 billion and thirty-five years of investment, this project was abandoned—also, essentially, through an act (or inaction) of Congress. At the time of writing, there is still no operating geological repository for high-level nuclear waste in the United States or anywhere else in the world. Instead, over 83,000 metric tons3 of commercial spent nuclear fuel (one form of high-level waste)4 generated by nuclear power plants is sleeping temporarily across a dispersed network of seventy reactor sites in thirty-four states (Office of Nuclear Energy 2022), while most defense high-level waste is warehoused separately, and equally temporarily, at three federal sites across three states. All these wastes were destined to be buried in the depths of Yucca Mountain, but with the project terminated, how and where they will be handled is once again uncertain, generating a whole range of concerns and debates.

Meanwhile, there still exists, albeit not without controversy, an international agreement that nuclear waste must be safely and securely confined from the biosphere for very long timescales. The International Atomic Energy Agency (IAEA) summarizes this very well. In its Joint Convention on the Safety of Spent Nuclear Fuel Management and on the Safety of Radioactive Management, the IAEA states that “effective defenses” should be put in place so that “individuals, society and the environment are protected from harmful effects of ionizing radiation, now and in the future, in such a way that the needs and aspirations of the present generation are met without compromising the ability of future generations to meet their needs and aspirations” (International Atomic Energy Agency 1997). This specific political and moral vision has pushed experts, communities, and institutions to imagine the responsibilities of the present generations toward future ones, drawing attention to the ethical dimensions of the relations that societies build across time with imagined others in the future—who are frequently conceptualized as “future generations.”

When establishing specific ethical and political relations between the past, present, and future relies on acting the present, what kind of arrangements render futures present and actionable? And just as importantly, how do related plans and policies remain operational and desirable over time? These are clearly very hard questions. But an in-depth analysis of the case of high-level nuclear waste exploring how those issues have been dealt with in the past offers insights into understanding how specific forms of practices, institutions, conventions, technologies, and devices enable—and disable—collective action.

As I am writing these lines, communities across the United States are living and dealing with high-level nuclear waste, while policymakers and governmental institutions are still attempting to reset the national nuclear waste policy. Different actors provide different explanations for the Yucca Mountain project’s so-called “failure.” Some attribute it to the failure of representative democracy, pointing to the decades-long political opposition the project had faced from the State of Nevada, the Shoshone and Paiute peoples or to the failure of regulatory science to account for various technoscientific controversies over the site’s potential incapacity to physically isolate radioactive matter from humans and the environment for long scales of times. Others qualify it as the “failure” of the federal government to take long-term policy action.

Indeed, the Yucca Mountain project isn’t operational, and Yucca Mountain will probably never physically contain high-level nuclear waste deep inside. Such pronouncements, however, overlook not only the complexity of arrangements that were to hold the US nuclear waste policy together but also the ways in which nuclear economies, communities, geologies, and geographies have been made to operate and do still operate through the mediation of these arrangements, whether they take the form of contracts, electricity bills, scientific knowledge produced on geological formations, materials or society, annual budgets, regulatory assessments, political agreements, business plans, or management organizations. Through these arrangements, and the tests they underwent, particular forms of US society have been constantly produced—specific ways of organizing temporal relations, distributing responsibilities, and articulating values.

Scholars of science and technology studies have long highlighted that there is much more to learn from “failures” than from “successes,” since “failures” render visible the otherwise invisible controversies, negotiations, and compromises that went into formulating all that were to collectively produce a given project (Bijker et al. 1987; Galison 1987; Latour 1992; Bijker 1997). No matter how the Yucca Mountain project should be qualified, I construe an industrial society’s efforts to act in the present to deal with the long-lasting remains of its nuclear age as a unique opportunity to tell a story that reshuffles our understanding of a central problem posed by nuclear waste, as well as what the existing attempts to deal with this peculiar material reveal about our collective capacities to establish “good” and “desirable” relations across time.


Problem of Rendez-Vous

Studying the diverse nexus of actors who have attempted to cope with the United States’ most hazardous and long-lasting nuclear waste, I have come to understand that the definition of what constitutes responsible action relies on its capacity to resolve (at least partially and temporarily) what I call a problem of rendez-vous. This concept grasps situations in which the temporal capacities of existing practices, norms, expertise, institutions, and technologies to mediate relations between the past, present, and future are put to the test. Provoking efforts to identify temporal gaps and to synchronize and coordinate actions between parties who are to act, or even exist, at different moments in time, they prompt concerned actors to think of ways to hold conflicting and competing values, responsibilities, and temporalities together.

In vernacular language, the French expression rendez-vous means the deliberate arrangement of a meeting between two or more actors. The meeting is set to bring together actors with all sorts of expectations. Even when the rendez-vous is set with ease, it is of a temporary nature, with the participants negotiating their interests, values, and responsibilities, which often do not neatly overlap. The expression rendez-vous takes on an additional meaning in the French language, which makes it worth using here. Beyond meeting at the right time in the right place, being “au rendez-vous” (at the rendez-vous) involves a specific judgment. To be au rendez-vous, it is neither sufficient nor obligatory for all the actors to be present at the right time and in the right place. All the actors may be present at the right time and in the right place, but the conditions of felicity of being au rendez-vous may not be fulfilled or vice versa. For instance, the French gymnastics team was in the right place at the right time to compete at the 2024 Olympics in Paris. However, the French media judged them not to be au rendez-vous at the Olympics, as their performance did not live up to the expectations they had set.

The conditions of felicity of being au rendez-vous might be met even if those who set them up are not physically present at the right time and in the right place. For example, great-grandparents may place a family heirloom in a safe deposit box to ensure that it will be available to their great-grandchildren on a certain date. Great-grandparents may or may not be considered au rendez-vous by their great-grandchildren; these great-grandchildren may never have been born, they may die unexpectedly before the inheritance reaches them, the bank may be robbed, or the inheritance may be materially damaged. The reception of the heirloom by the great-grandchildren at the intended time doesn’t mean that they will judge the decision of their great-grandparents to relay the object as good, desirable, or reasonable. This is why the problem of rendez-vous works as an analytical tool for investigating the specific efforts of people, communities, experts, and institutions that try to handle long-lasting responsibilities: which temporally and spatially defined collectives are held together? Through what technoscientific, material, financial, legal, political, and moral arrangements? And which are the trajectories that they follow over time? Answering each of these questions, concerned actors attempt to establish good and desirable relations between the past, present, and future and, therefore, to resolve problems of rendez-vous.

While nuclear remains can be construed as a singularly looming danger of a magnitude almost too vast to comprehend, problems of rendez-vous identified in attempts to deal with it are myriad—and indeed sometimes more graspable and therefore actionable. They can range from conflicts over how to contain uncertain financial responsibilities associated with large-scale, long-term projects whose costs may rise or fall over time to competing moral and political notions of a “fair,” “accurate,” and “efficient” distribution of risks and responsibilities over time. Resolving problems of rendez-vous entails reaching arrangements to contain, in their own specific ways, the concerns and priorities of temporally and spatially defined collectives in desirable manners, at least partially and temporarily. Those arrangements are negotiated not between pregiven generations as such but rather among temporally and spatially defined collectives that come into being as the outcome of various mediations, negotiations, and configurations. The notion of temporally and spatially defined collectives both populates and situates generations in time and place while emphasizing their relational character; it, therefore, enables distancing from preexisting and taken-for-granted temporal categories. Using the notion of temporally and spatially defined collectives instead of generations calls attention to how relations among these collectives are constantly negotiated, established, or dissolved over, through, and by time. Therefore, I concentrate on how temporally and spatially defined collectives resolve problems of rendez-vous, and I unfold how their technologies, values, interests, conceptions of justice, democracy, and expectations about future states of the economy, society and the Earth evolve, along with their very composition, sometimes in ways that have profound implications for the definition of “responsible action.”

I further argue that resolutions of problems of rendez-vous—both in regards to nuclear waste but also, as this case will illuminate, for other challenges extending across time—are intimately entangled with political economies in which societies operate. Recently and today, they take on peculiar flavors under the ever-evolving conditions of neoliberalism. As political scientist Will Davies has noted, neoliberal reasoning provides not only an economic vision for society but also a moral one, a moral economy that “seeks to represent all commitments—including those to the future and to future generations—in calculable monetary terms” (Davies 2017, 10). The fate of a nuclear waste disposal facility is not only determined by a political vote in the relevant political institutions but also by a line in a budget or by the choice of an accounting5 figure selected to estimate the present value of its future costs and benefits. Its operating conditions are enshrined not only in relevant legislation, rules, or regulations but also in the business plans of a company set up to physically manage such waste, a contract signed between a county or city council and a nuclear company, or another contract signed between a nuclear utility and the federal government. In other words, whether in a town in Nevada or New Mexico or at a congressional committee, nuclear waste programs are cluttered with economic, budgetary, and financial logics, as well as their conflicting and competing moralities.

In their attempts to resolve problems of rendez-vous, concerned actors engage in negotiations to hold responsibilities, temporalities, and values together. Resolving problems of rendez-vous includes engaging with future-making practices. Science and technology studies, sociology, and anthropology literatures have long shown how policymakers, scientists, communities, experts, and institutions are constantly brought to imagine future states of society, the economy, and the Earth, so as to make those very futures (e.g., Sarewitz et al. 2000; Masco 2005; Rosenberg et al. 2005; Borup et al. 2006; Jasanoff and Kim 2009, 2015; Beckert 2013, 2016; Pels 2015; Coleman 2017; Bryant and Knight 2019; Beckert and Suckert 2021).

Here, it is useful to situate the problem of rendez-vous among two important concepts that directly grapple with the ways in which futures are produced. One of them is “sociotechnical imaginaries,” and the other is “fictional expectations.” The notion of sociotechnical imaginaries, developed by Sheila Jasanoff and Sang-Hyun Kim, encourages thinking about imaginaries around which different institutional actors engage in future-making, which are “collectively imagined forms of social life and social order reflected in the design and fulfilment of nation-specific scientific and/or technological projects” (Jasanoff and Kim 2009, 120). They are national, powerful, instrumental, enduring, and futuristic, and need to be “identified, illuminated and critiqued” (Jasanoff and Kim 2009, 120). I contend that paying attention to problems of rendez-vous, instead of examining overarching sociotechnical imaginaries and how they are distilled into specific policy actions, enables, first, tracing situated negotiations, conflicts, and compromises through which communities, experts, and institutions take action to link the past, present, and future and, second, analyzing what this tells us about contemporary societies’ capacities (and incapacities) to deal with responsibilities across time.

Second, the notion of fictional expectations, developed by Jens Beckert, is also important to think with. Beckert defines fictional expectations as “images actors form as they consider future states of the world, the way they visualize causal relations and the ways they perceive their actions influencing outcomes” (Beckert 2016, 9). This doesn’t mean that they are “false or mere fantasies” but that “actors motivated by an imagined future state, organize their activities based on this mental representation” (Beckert 2016, 9). While studying fictional expectations is important for understanding how concerned actors make the future “present” and “actionable,” the notion of the problem of rendez-vous shifts empirical attention to the ways in which they attempt to hold temporally and spatially situated collectives together in different forms of arrangements, which are fragile, contested, and constantly subject to tests. In this sense, the problem of rendez-vous framework uniquely (1) shifts the empirical gaze from future-making to the efforts to link the past, present, and future; (2) underlines the ever-evolving, contested, and negotiated nature of such temporal orderings; and (3) allows tracing constant revaluation(s) such arrangements undergo through both their conception and trajectories in action.

This brings me to a critical question that the concept of the problem of rendez-vous helps us grapple with: Where should or must the moral cursor of action be set in time to qualify as “responsible”? To answer this question, let me first think with authors who have dealt with this question in their own ways.

While acknowledging human intervention into deep time, not all scholars agree on how the long-lasting consequences of human activities should be addressed. Sociologists Barbara Adam and Chris Groves refer to future-oriented action as “institutionally constituted irresponsibility” and qualify it as the “politics of posterity” (Adam and Groves 2007). These authors argue that any consideration that involves treating the consequences of modernity in the present are the results of wishful thinking. They consider that when the conventional knowledge system meets the actual outcome of its consequences in time, this meeting can only take the form of a clash that generates paradoxes and unintended consequences, since neither scientific predictions nor control methods can do anything other than fail once they face the contemporary condition.

Whether the Yucca Mountain project specifically or geological repository projects more broadly should be considered as ways to account for the well-being of far futures, or whether they should be understood as sources of irreversible long-lasting environmental problems, is an issue that continuously generates debates and controversies (Shrader-Frechette 1993; Metlay 2000; Oreskes 2000; Masco 2005; Patinaux 2017). In their aptly titled Acting in an Uncertain World, sociologists Michel Callon, Pierre Lascoumes, and Yannick Barthe advocate that action should be engineered to remain open, freeing futures of the burden of past decisions, at least politically (Callon et al. 2009). Primarily based on their analysis of the trajectory of the French national geological repository program, the authors advocate for the adoption of an iterative and participatory decision-making process, in parallel with undertaking reversible actions in the present, so that “future generations” would themselves be able to decide whether they qualify the option adopted by “previous generations” as “desirable”—or modify it if they deem it necessary.

Feminist Science and Technology Studies scholars insist that it is time to shift the temporal orientation of action from the future to the present. Philosopher Donna Haraway suggests that “what used to be called nature has erupted into ordinary human affairs, and vice versa, in such a way, and with such permanence as to change fundamentally means and prospects for going on” (Haraway 2016, 40). Under this condition, even if the idea of reopening futures—in other words, undertaking action in the present to avoid futures being colonized by the present—is appealing, anticipatory modes of action are no longer appropriate to protect the Earth, because action can only be “response-able” if those undertaking it remain accountable for its consequences (Tsing 2015; Haraway 2016; Tsing et al. 2017; Weston 2017). However, “response-able” action still holds the potential for paths taken in the present to snowball across generations and to produce a more desirable and valuable future for the Earth and its inhabitants.

A recent stream of work in sociology and political science takes the opposite view and considers that long-term action is desirable and criticizes contemporary societies for failing to take such action. In his book, How We Sold Our Future?, sociologist Jens Beckert joins a growing literature that identifies “temporal misalignment between the short-term incentives of politics and the long-term processes of climate change” (Beckert 2024, 69). Political scientist Thomas Hale calls these “long-problems,”6 defining them as issues with “temporal distance between primary causes and effects” (Hale 2024, 9). Others diagnose “democratic myopia”7 as a structural flaw preventing adequate responses to challenges extending beyond electoral cycles (Boston 2017, 2021b; MacKenzie 2021; MacKenzie et al. 2023).

These divergent positions reflect fundamentally different approaches about where the moral cursor of action should be set in time. Yet whether scholars advocate future-oriented action, reject future-orientation in favor of present “response-ability,” or advocate iterative approaches, I contend that they are all responding to the same analytical challenge: how to establish and maintain “desirable” relations across time amid conflicting, competing, and ever-evolving values and priorities—in other words, how to resolve problems of rendez-vous.

With the notion of problem of rendez-vous, I take distance from such moral premises and transform political and ethical concerns about temporal orientation of action into analytical ones. Rather than identifying what temporal orientation should be given to action to be qualified as responsible, I follow how “good” relations across time are defined at specific sites. Drawing on Didier Fassin’s distinction between “a moral discourse” and “a critical analysis of a moral topic” (Fassin 2008, 339), I do not propose “a code of good conduct” but instead examine “the evaluative principles and practices operating in the social world, the debates they arouse, the processes through which they become implemented” (Fassin 2008, 335). I contend that no temporal orientation given to action is inherently ethical—the ethical nature of action should be an object of empirical scrutiny (Fassin 2008; Ballestero 2015, 2019; Smith and High 2017). The specific temporal orientation given to action is only an effect of arrangements formulated to produce it: therefore, of resolutions of problems of rendez-vous.

In this book, I use the case of nuclear waste to historically and ethnographically examine: What did it entail to undertake action in the present? How were temporal gaps, tensions, and blind spots identified? Through the formulation of which arrangements were relations with futures established? What tests did those undergo, and what trajectories did they follow? At which sites were their terms negotiated and qualified as “good” and “desirable,” and by whom? And, perhaps most crucially, what kinds of relations between temporally and spatially defined collectives were put into place, and how, exactly, did these come undone? In following these questions suggested by centering problems of rendez-vous, I build on and reconfigure the theoretical and philosophical debates that lie at the heart of not only nuclear waste policy but also many other challenges qualified as “long-term” by actors in the field awaiting action.

In what follows, I explain how this book builds upon and responds to the limitations of three different strains of thinking that have emerged from and shaped societies’ efforts to address challenges facing humans and the planet. Conceptualizations of the Anthropocene encourage humans and institutions to consider long-term futures, yet deep time thinking does not in and of itself equate to taking responsible action. Generational thinking, meanwhile, emphasizes linkages and divisions between broadly defined cohorts marked by the experiences and events that took place during their lifetime. However, its capacities to capture the diversity and dynamism of temporally and spatially defined collectives, along with their complex relationalities, are limited. Finally, thinking about containment often focuses our attention on physical containers. Yet, whether this involves linking the times of life, society, science, justice, materials, politics, the economy, or geology, containment technologies that hold together political and moral relations across times are not limited to physical ones. Furthermore, the “success” or “failure” of such might not rest in their ability to contain without leakages, but rather on their ability to both resist and account for interventions. Ultimately, rethinking the resolutions of problems of rendez-vous through and beyond frameworks of deep time, generations, and containment generates new possibilities for approaching nuclear waste futures and, indeed, the future itself.



From Deep Time to Temporal Relations

I consider contemporary societies’ attempts to reconcile conflicting and competing temporal depths as a response to the situations with which they are confronted and need to deal. Concerns about the past, present, and future of the planet have been crystallized in the contested notion of the Anthropocene, which refers to a proposed geological epoch marked by extraordinary human intervention upon the Earth. Trying to understand what it takes for actors in the field to tackle a material that remains radioactive for a million years, for which human responsibility has long been recognized, invites reflection on this intervention.

“The origin stories of the Anthropocene” include, among others, the advent of the Atomic Age, the invention of agriculture, the Columbian “exchange” that was the result of the encounter between the New and the Old World, and the Industrial Revolution (Yusoff 2018). Whether or not scientists may reach a general consensus about the powers that move geological forces, and whether the causality between nuclear weapon testing and the shift to a new geological epoch can be demonstrated, humanity is undeniably in the midst of a turning point. To grasp this moment, social scientists from multiple disciplines are engaged in a moral enterprise to equip human beings—ordinary citizens, experts, or institutional actors—with the capacity to think beyond what is temporally and spatially situated proximate to us, whether this involves “the planetary” or “deep time” (Saraç-Lesavre 2015; Yusoff 2018; Chakrabarty 2018, 2021; Clark and Szerszynski 2020).

Among those criticizing “presentism” and the lack of temporal depth in the social sciences and advocating for more “deep time” thinking is anthropologist Richard Irvine. Irvine suggests that concentrating on the present can only produce “a temporal disjuncture from the expansive frame of natural history” (Irvine 2014, 160). To connect “the time horizons of lived activity and the scale of these natural processes” (Irvine 2014, 161), Irvine calls on social scientists to orient their gaze toward their empirical fields of study, not only to repopulate them with more-than-humans but also to introduce relevant temporal depths into them (Irvine 2020).

In Deep Time Reckoning, anthropologist Vincent Ialenti responds to this call (Ialenti 2020). Condemning the conditions that “trap billions of minds in the narrowness of the now”—which he refers to as the “shallow time discipline”—Ialenti studies
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