Repairing the Ir-reparable: Geobiological Recovery of Environments after a Nuclear Disaster

 

Introduction

The nuclear energy sector undoubtedly demonstrates one of the most significant gaps between institutional disaster recovery strategies, which are mostly dictated by a resilience narrative, and public demand for reparation or at least for recognition of the irreparable. This kind of gap is first and foremost a definitional one and concerns the 'disputed what-ness of disasters' (Centemeri et al. in this volume), the organisational [START_REF] Perrow | Normal Accidents : Living with High-Risk Technologies[END_REF] and structural [START_REF] Matsumoto | Structural Disaster' Long before Fukushima: A Hidden Accident[END_REF]) causes of distasters and the 'abstracted' vs. lived consequences of disasters [START_REF] Michael | Afterward: On the Topologies and Temporalities of Disaster[END_REF]. With regard to this last aspect, temporal and spatial issues play a crucial role because nuclear system failures often result in 'slow' [START_REF] Fortun | Researching Disaster from an STS perspective[END_REF] or 'ongoing' [START_REF] Dudden | The Ongoing Disaster[END_REF] consequences (radioelements colonise the environment over long durations and attack the human body slowly but continuously) and because even their non-failure or routine functioning engenders 'slow-motion' catastrophes [START_REF] Brown | Plutopia. Nuclear Families, Atomic Cities and the Great Soviet and American Plutonium Disasters[END_REF] or 'disasters-before-disasters' [START_REF] Jobin | Nuclear Gypsies" in Fukushima Before and After 3/11[END_REF].

Drawing on topical debates relating to the radioactive destruction or 'colonisation' of land and milieux, this chapter aims to highlight the strategies, doctrines and tools that nuclear states and agencies have elaborated over decades to deal with post-accident recovery. Based on official reports, expert scenarios and estimations and plans for preparedness, recovery and resilience, it explores how the problem of contaminated land has been managed historically both at an international level and in regions victimised by the Chernobyl and Fukushima accidents. It analyses the contexts, policies and discourses that framed the issue in terms of the technical modalities of evacuation and the need to minimise land lossa dynamic that I take as a vantage point for the current analysis. My aim is to shed light on the process that led to the stabilisation and reinforcement of a biopolitics of recovery that, in the contemporary period at least, exploited biological/body matter for environmental/land recovery. I therefore focus on the official strategies that aimed at social engineering or controlling the social psyche, which, as will be explored further, proved decisive in the generalisation and public acceptance of the

On the controversial features of victimisation and reparation in nuclear disasters

Regarding damage to health and the biomedical issues resulting from nuclear system failures, the immediacy of victimisations, such as the sudden deaths of liquidators and clean-up workers, and the possibility of localising them easily was what rendered these accidents real, or what made them exist, as far as the official bodies were concerned. For their detractors, however, the illnessess that slowly impacted the victims' bodies (thyroid cancers, leukaemias, etc.) were equally important. The fact that these forms of victimisation were diluted in time and space was not a legitimate reason for denying them. Their epidemiological character meant they should be considered real. The ongoing controversy over the number of victims of the Chernobyl nuclear accident (26 April 1986) is an important example of this kind of definitional gap that separates expert and lay understandings of victimisation and reparation. For a decade and a half, the most prominent nuclear and health agencies (WHO, IAEA, NEA-OECD) insisted on the minimalist range of '31 to 55 victims', while ecologist, antinuclear and human rights organisations maintained that the Soviet accident had resulted in several hundred thousand victims [START_REF] Brown | Manual for Survival. An Environmental History of the Chernobyl Disaster[END_REF]. This unprecedentedand mostly 'artificial' [START_REF] Latour | Why has critique run out of steam? From matters of fact to matters of concern[END_REF])polarisation was perpetuated by the fact the nuclearists' 1 put forward claims of uncertainty, non-knowledge ('we know that we don't know') [START_REF] Bleicher | Response and Recovery in the Remediation of Contaminated Land in Eastern Germany[END_REF] and lack of scientific evidence in order to minimise the risks and damages caused by nuclear system failures. In response, the antinuclearists and the victims denounced what they called a 'crime against humanity' and even 'genocide' and 'globocide' [START_REF] Anders | La menace nucléaire : considérations radicales sur l'âge atomique[END_REF]. For the nuclearists, recovery after a nuclear accident was to a certain extent a question of social psychology. The public should acknowledge the fact that nuclear system failures are much less mortal than, for instance, accidents occurring in chemical-industrial facilities (as in Bhopal). From this perspective, priority was given to mitigating public radiophobia, a term popularised after the Chernobyl accident to describe the public's 'illegitimate' concerns or fears around radioactivity risks. For the antinuclearists and certain victim groups, the damage caused by a nuclear accident was irreparable. Countless human bodies were contaminated and made ill, and, many more, including even not-yet-conceived foetuses, would be contaminated in the future.

With regard to environmental damage, the gap between the institutional and public framings of disaster recovery operated at a slightly different level. Above all, it revealed major disparities both in what was considered reversible/irreversible after a nuclear accident and in the possibility/impossibility of a return to normality. The most recent and most widespread institutional understanding of recovery was neither 'idealised' (a 'disaster is reversible') nor 'heroic' (a disaster is more-than-reversible, in other words it is possible to 'build back better') (Centemeri et al. this volume). Rather, recovery was considered by the international nuclear agencies, experts and decision-makers to be an imperfect and crucial process in which the public's collaboration was key. They also argued that the boundary between pre-and postdisaster situations had already been blurred prior to the major accidents and that nature had been made (radio)hybrid immediately after we entered the era of atomic 'spectacles' [START_REF] Kirsch | Watching the Bombs Go Off: Photography, Nuclear Landscapes, and Spectator Democracy[END_REF] (i.e. the the two thousand or so atomic bomb tests that caused widespread global contamination in the 1950s). From this perspective, it was thought that a nuclear accident merely accelerated the continuous transformation of the environment by radioactive pollution over a condensed time period. In terms of the public framing of disaster recovery, the detractors criticised the fatalistic vision or philosophy that the nuclear experts conveyed. They underlined the fact that radioactive fallouts from nuclear accidents caused too much damage to the environment to be considered negligeable or just 'supplementary' when considered from a long-term perspective. They also denunciated the institutional obsession with quick recovery and argued that imposing less optimal living conditions on entire generations was ethically and politically unacceptable.

In such a controversial and disputed context, the question of who was responsible for deciding the success of recovery operations and what criteria were they basing their decisions on was key. Past nuclear accidents and their long-term management have shown that the institutional metric for determining the success or failure of recovery relied not so much on material or technical measures (although these existed and were crucial) but on whether or not the public authorities managed to repopulate the areas affected. In a sense, the non-evacuation of people or the re-establishment of human presence in contaminated territories emerged as an important parameter in defining what a nuclear disaster was and in particular when it ended. The advocates of nuclear power claimed that evacuations should be minimised as far as possible and justified their argument on the basis of the trauma caused to the evacuees. This of course was not the only trauma that should have been taken into account. Various forms of posttraumatic stress disorders, psychological distress and anxiety affected different categories of victims, including those who were not able to leave the contaminated zones, as in the Chernobyl case, for instance. Nevertheless, nuclear and health agencies rarely considered these types of trauma, as if post-traumatic stress was synonymous with evacuation. The antinuclearists' retort was that the decision-makers stigmatised evacuations in order to minimise costs and banalise radioactive harm in the 'reenchanted world of resilience' [START_REF] Ribault | Resilience in Fukushima: Contribution to a Political Economy of Consent[END_REF]. In a sense, those who governed were accused of trying to re-cover what a nuclear accident dis-covers, that is the continuous harm and vulnerability to which nuclearised nations are exposed. Overall, as will be discussed in the next section, zoning policies occupied a central role in these disputes.

On zones, bodies, social engineering and knowledge gaps

In the international nuclear energy arena, post-disaster management (management of territories and victimised populations) has been based on a series of technical, juridical, economic and insurance tools that were first introduced in the United States in the 1950s. Even prior to the launch of the nuclear industries, there was an expert consensus that in the event of a nuclear accident, vast territories would be highly contaminated. By the late 1940s, it had also become universally acknowledged that a significant number of people would need to be evacuated. This constraint depended to a great extent on the choice of plant construction sites and the corresponding urban policies. In 1950, an expert committee from the US Atomic Energy Commission (AEC) proposed that an exclusion or 'quarantine' zone should be incorporated into nuclear reactor site designs. The size of the exclusion zone would be proportional to the power of the installed reactors. However, industrial firms were reluctant to agree to this proposal, arguing that investment should be targeted instead at strengthening reactor security.

In 1956, the AEC opted for this latter approach on the premise that evacuation zones (which would be put into practice in the event of an accident) were preferable to exclusion zones (which were to be instituted de facto), which could prompt unnecessary fear and anxiety among the public [START_REF] Foasso | Histoire de la sûreté de l'énergie nucléaire en France (1945-2000): technique d'ingénieur, processus d'expertise, questions de société[END_REF]. In 1957, a research team from the Brookhaven National Laboratory responded to a request from the AEC to develop scenarios for the evacuation of populations in the event of a nuclear accident. Their findings were alarming. They showed that a major accident at a 500 MWe reactor could result in the deaths of 3,400 people and the irradiation of more than 40,000. In addition, a huge area of around 240,000 km 2 (i.e. bigger than Florida) would need to be evacuated, and the cost of this operation plus land and health costs would surpass seven billion dollars (AEC 1957).

The political fallout from this report was profound [START_REF] Foasso | Histoire de la sûreté de l'énergie nucléaire en France (1945-2000): technique d'ingénieur, processus d'expertise, questions de société[END_REF]. To protect the industry against such incommensurable financial risks, the US government, followed quickly by the principal nuclear states, drastically limited the financial liability of nuclear operators in the event of an accident (Price Anderson Act 1957;Paris Convention 1960;Vienna Convention 1966). In a sense, they responded to these exceptional risks with exceptional juridical and insurance arrangements that came down in favour of the nuclear industries [START_REF] Topçu | Organiser l'irresponsabilité ? La gestion (inter)nationale des dégâts d'un accident nucléaire comme régime discursif[END_REF]). It should be noted here that Japan did not join the international movement of liability conventions launched in the 1960s. Japanese law opted instead for 'illimited liability' for nuclear operators in the event of an accident, although it did set a threshold for insurance costs, thereby tacitly limiting the liability of the operators [START_REF] Nomura | Le droit japonais de la responsabilité des dommages nucléaires et son évolution après l'accident de Fukushima[END_REF].

The highly symbolic nature of the industrial liability coststhis was the only way to convince industrial firms to invest in the nuclear sectorinevitably created the need not only to categorise harm and prioritise remedies/compensation but also to control the public perception of risk and damage. In the 1960s, a major assumption became consolidated within this context, which was that a full evacuation of territories contaminated by a nuclear accident was impossible in technical, economic and social acceptability terms, in the same way that it was considered impossible to fully compensate for the related damage (an assumption confirmed by the accidents in 1979, 1986 and 2011). In other words, the nuclear experts admitted and even suggested that evacuations and compensation should be optimised. This led to the emergence of zoning as a major accident management tool. The modalities of zone management in the event of a nuclear accident (i.e. zones whose level of contamination determined the level of state intervention and types of compensation) had already been considered by the authors of the Wash-740 report. A five-level zoning approach was seen as plausible 2 , a method that greatly inspired the zoning and evacuation criteria established after the Chernobyl and Fukushima accidents. In 1991 (after the collapse of the USSR), another significant innovation appeared in the form of 'optional evacuation zones', a topic I will address further below. Hence, while the isolation, quarantining and even 'sacrifice' of the environment surrounding a nuclear site prevailed in the 1960s and 1970s, there was a gradual shift in emphasis to the optimal recovery of destroyed land after the Chernobyl accident. Indeed, zoning came to serve multiple political functions in the field. The first function, which related to the emergency period, was that it allowed governments and experts to affirm through the use of a technical/rational tool that the problem was localised or confined and that the threat was therefore under control. The second was that the very existence of zones signified there were different levels of impact from radioactivity, which called for different levels of reparation. In other words, one person's experience of injury was to be considered in relation to other people's experiences, and the state was to decide reparation (i.e. compensation payouts) based on relative levels of seriousness. The third performative function of zoning concerned the fact that the very diagnostics of degree of harm (via hierarchised zones) implied that recovery over time was possible, because the status of zones couldand even shouldevolve. Such a view proved to be particularly widespread in post-2011 Japan. According to current state discourses and policies related to post-accident management, the zones are far from static or permanent and should quickly disappear. Overall then, zones were conceived and remain so, especially in the recent period, as dynamic sociotechnical tools for an effective management of populations, land and public health. Zonal boundaries are not rigid, and even the 'strictly forbidden' zone(s) are permeable [START_REF] Houdart | En déroute. Enquêter non loin de la centrale de Fukushima Daiichi, Japon[END_REF]. The zones themselves are also subject to permanent recategorisation/redefinition, sometimes as a result of social protests. From the outset, Japan adopted the so-called 'reconquest' (of contaminated territories) strategy, which the IAEA described as 'post-accident recovery', aiming 'to re-establish an acceptable basis for a fully functioning society in the affected areas' (IAEA 2015). In the former USSR, return to the evacuated zones was not initially a priority. Indeed, after 1991, the evacuations were even expanded as a result of an initiative from the Ukrainian and Belarusian governments. However, by the late 1990s, 'returning to' or 'remaining in' (since many who should have been evacuated were never actually evacuated) zones contaminated by the Chernobyl accident had, as in post-2011 Japan, become a priority.

Based on the post-Chernobyl injunction to prevent the long-term devaluation or 'sacrifice' of land, and the different forms of compromise between land and human body contamination that it implied, I propose to call the contemporary post-accident reconstruction policies the geobiological recovery of environments. It is possible to distinguish at least three major managerial strategies, which I will develop further, at the heart of such a recovery: (i) geomanagement or zoning, whose ultimate form today appears to be the cancellation of the very idea of 'zone' itself; (ii) biological or body management, where states of exception increasingly serve as the norm for the recovery of contaminated lands through a better exploitation of victims' bodies and health; (iii) social management or engineering, which implies a shift away from a material recovery from disasters (in the short term) to the administration of social psychology over the longer term.

It should also be noted here that different forms of knowledge/ignorance production are central to each of these strategies as well as to the geobiological recovery of contaminated lands overall. Drawing on the dynamic field of agnotology (Proctor and Schiebinger, 2008); Gross and McGoey 2015) and moving forward from Kuchinskaya's leading work on the production of invisibility in relation to the health effects of Chernobyl in Belarus [START_REF] Kuchinskaya | Politics of Invisibility. Public Knowledge About Radiation Health Effects After Chernobyl[END_REF], the ignorance I refer to here has less to do with secrecy, which can be defined as the confiscation of information or its conditions of production and which has a specific history with regard to nuclear issues (Topçu 2013a), and more to do with not producing knowledge [START_REF] Frickel | Undone Science: Charting Social Movement and Civil Society Challenges to Research Agenda[END_REF] or producing oblivion or forgetfulness on a matter that cannot be entirely ignored or kept secret either because nature speaks for/reveals itself (altered species, ill/dead bodies, saturated hospitals/cemeteries, etc.) or because alternative or activist science and expertise speaks on its behalf, thereby revealing important 'knowledge gaps' [START_REF] Frickel | Katrina's Contamination: Regulatory Knowledge Gaps in the Making and Unmaking of Environmental Contention[END_REF].

Ignorance production therefore consists of establishing conditions that force individuals to stop knowing, understanding, hearing, reading or being concerned about or even seeing their contaminated environment. Such dynamics are not confined to the nuclear industry; they can be observed in many other technoindustrial sectors that generate large-scale pollutionsuch as the pesticide sector [START_REF] Dedieu | Comment ignorer ce que l'on sait ? La domestication des savoirs inconfortables sur les intoxications des agriculteurs par les pesticides[END_REF] and the asbestos industry (McCulloch and Tweedale 2008)and in most industrial accidents [START_REF] Frickel | Katrina's Contamination: Regulatory Knowledge Gaps in the Making and Unmaking of Environmental Contention[END_REF][START_REF] Centemeri | What kind of Knowledge is Needed about Toxicant-related Health Issues? Some Lessons drawn from the Seveso Dioxin Case[END_REF].

From Chernobyl to Fukushima: towards biopolitical 'zones'

Based on a definition of contaminated land as land with radioactivity levels higher than 1mSv (per year), the Chernobyl reactor no. 4 accident is reported to have contaminated around 200,000 km 2 of land across Europe but mainly (71%) in Belarus, Ukraine and Russia. The atmospheric release after the chain reactions at the three Fukushima units was estimated at approximately 10 to 20% of the levels released after Chernobyl. Although 80% of this was directed towards the Pacific Ocean, the contaminated land still covered around 13,000 km 2 when radiation levels of above 1 mSv were applied. However, the Japanese state defined contaminated land as any area where radiation levels exceeded 20 mSv and only took on responsibility for decontamination work in these areas (i.e. around 1,000 km 2 once the forests and mountains, which accounted for 75% of the region in question, were excluded), delegating the decontamination of zones with levels between 1 and 20 mSv to the municipalities [START_REF] Kojima | Reconstruire dans l'après-Fukushima : responsabiliser et vulnérabiliser par le risque[END_REF].

After both the Chernobyl and the Fukushima accidents, the respective exclusion zones were initially determined somewhat arbitrarily. A circular zone was drawn around the destroyed reactor(s) in each case (20 km radius for Fukushima; 30 km radius for Chernobyl), and a rapid evacuation of the area was ordered. These exclusion zones underwent significant revisions as more sophisticated contamination maps were drawn up during the first days, weeks and even months after the accidents had occurred. This revision process lasted nine months in the case of Fukushima and several years in the case of Chernobyl. While the initial exclusion zone affected approximately 70,000 people in Japan and 90,000 people in the former USSR, the number of evacuees ultimately reached 200,000 in Japan and 350,000 in the former USSR (Ukraine, Belarus, Russian Federation).

Revalorisation of the abandoned lands

There was no planned resettlement of populations in significant portions of the Chernobyl exclusion zones which were divided into subcategories, such as areas where access was forbidden or only authorised for public interest purposes and areas where people could spend the day but not stay overnight. In Japan, however, state officials announced in early 2012 that it was crucial to proceed to the recovery (reconquest) of the evacuated zones including towns within the 20 km circle as far and as soon as possible. As a result, a large-scale decontamination project was launched involving nearly 15,000 workers on a daily basis, but its effectiveness came in for frequent criticism from civil society organisations (CRIIRAD, 2017).

In the case of Chernobyl, the exclusion zone included one city (Pripyat) and several villages.

The Fukushima exclusion zone initially comprised five towns (Namie, Futaba, Okuma, Tomioka, Naraha) as well as parts of the city of Tamura and the village of Kawauchi. In 2015, however, Naraha, Tamura and Kawauchi were (re)categorised as habitable, followed in 2016 by Minami-Sôma and Katsurao. By the end of March 2017, the evacuation order was scheduled to be cancelledwith financial compensation to be stopped shortly afterwardsfor the whole of the officially evacuated zone except for the very limited 'difficult-to-return zones' [START_REF] Boilley | Fukushima Five Years Later : Back to Normal ? Hérouville Saint Clair[END_REF]. This latter category concerned zones where radioactive contamination exceeded 50 mSv (the authorised level was 20 mSv in Japan; 1 mSv elsewhere). Surprisingly, even these highly contaminated zones were in no way considered by the Japanese government to be dead or definitively sacrified, unlike in Chernobyl. Hence why the initial category label, 'forbidden zone', was replaced with the euphemistic 'difficult-to-return zone' category only two years after Fukushima. In addition, the Japanese government announced a few years after the disaster that the evacuation orders would, by 2022, be lifted for these zones too and even for the 16 km 2 area around the Fukushima plant, which was to be used as a temporary waste storage site for the huge amount of radioactive residue generated by the decontamination process (i.e. around 22 million m 3 ). New legislation providing for the revalorisation/reconquest of this waste(ful) zone in under thirty years was passed accordingly [START_REF] Boilley | Fukushima : l'obstination de la reconquête[END_REF].

In Chernobyl, the revalorisation of the restricted/abandoned zone was managed by other means than the gradual lifting of restrictions. A large number of valorisation projects were undertaken, mainly in response to pressure from international nuclear agencies, in the 'sacrificed' city of Pripyat and its surrounding area, which had become a no-man's land. A memory tourismwith group visits to the Sarcophagusand a scientific tourism developed around Pripyat. In the 2000s, experts from the IAEA launched a conservationist marketing strategy, claiming that Chernobyl's exclusion zone, referred to as the 'dead zone' for many years, was in fact not dead at all but rather a 'unique sanctuary for biodiversity' (IAEA 2006a)a well-established myth that ignored independent scientific evidence on the degradation of biodiversity in the region [START_REF] Mousseau | Conservation Consequences of Chernobyl and Other Nuclear Accidents[END_REF]2014).

It was not just the exclusion zones that were strategically important for the nuclearists. The socalled 'optional evacuation zones', in particular, were subject to negotiations, controversies and ever-changing categorisations and regulations. This 'optional evacuation zones' category was elaborated in the early 1990s as part of new legislation adopted in Ukraine, Belarus and the Russian Federation. While these zones were not the most contaminated, the levels could exceed the authorised limits in certain hotspots. In a neoliberal climate, individuals who had been living in these zones prior to the accident were 'free' to abandon their lands, homes and villages if they wished. This implied a transfer of responsibility for risk management from the state to the victims, who were expected to bear the costs either way (i.e. financial costs if they chose to leave, biological/health costs if they chose to stay). In the former Soviet Union, PR campaigns were run from the mid-1990s onwards to persuade people, especially the residents/former residents of these zones, either not to leave their homes or to return home. In Japan, most of those who had left, 'voluntarily' or on the state's orders, were subject to similar campaigns of persuasion. The post-Fukushima zoning policies resulted in different categories of victims, such as forced evacuees ('kyosei hinansha') and voluntary evacuees ('jishu hinansha'), since the Japanese government distinguished between those who lived inside and outside the evacuation zones. Consequently, many people were excluded from the compensation plan launched by TEPCO and the state [START_REF] Jobin | The Fukushima Nuclear Disaster and Civil Actions as a Social Movement[END_REF][START_REF] Kojima | Reconstruire dans l'après-Fukushima : responsabiliser et vulnérabiliser par le risque[END_REF]). The campaigns to persuade people to return home appeared to be more hostile towards those who had left on their own initiative. They are estimated at 26,600 according to official records.

Sociological surveys have reported that these 'refugees' were frequently stigmatised either directly or indirectly by state officials and non-victims as cowards or troublemakers who were jeopardising the national effort to reconstruct Fukushima [START_REF] Hasegawa | Returning Home after Fukushima. Displacement from a Nuclear Disaster and International Guidelines for Internally Displaced Persons[END_REF].

States of Exception and Body Management

It is important to note that after both Chernobyl and Fukushima, exceptional health standards were established in order to limit the number of evacuations. As a result, not all those who needed to be evacuated were evacuated. In France, a similar action plan has been in place since the 2000s in the event of an accident. A study conducted by experts from the Institut de Radioprotection et de Sûreté Nucléaire (IRSN, institute for radioprotection and nuclear safety) a few years before the Fukushima accidents argued that, given the scale of land contamination caused by a major accident, the official measures undertaken in the event of a nuclear catastrophe in France would inevitably be 'non-optimal' in terms of 'sacrificing' agricultural and habitable land. The number of additional cancer cases engendered by such non-optimal choices were accordingly also incorporated into the accident cost estimations. The study showed that, in concrete terms, a major accident at the Dampierre nuclear plant (the case investigated), which is situated in the Loire region approximately 50 km from the city of Orléans, would theoretically require the evacuation of 2.5 million people. However, the French authorities' plan was to evacuate only one hundredth of this estimated number, that is 25,000 victims. The experts added that such non-optimal evacuation mesures would generate 17,500 supplementary cancer cases. The cost of these cancers for France's national health system were carefully calculated and incorporated into the accident 'budget' (IRSN, 2007;[START_REF] Topçu | Organiser l'irresponsabilité ? La gestion (inter)nationale des dégâts d'un accident nucléaire comme régime discursif[END_REF].

The Japanese government adopted a similar non-optimal land and health recovery policy immediately after the Fukushima chain accidents by increasing the acceptable low-dose level from 1mSv (the international norm fixed by the ICRP -International Commission for Radiological Protection) to 20 mSv, which is the maximal level set for nuclear workers in most nuclear countries (the authorised exposure level for Fukushima workers was raised to 250 mSv). Ignorance production in this context consisted of forcing people to definitively forget the 'good old days' of radioprotection with the 1 mSv threshold level by redefining as normal the 20 mSv leveland thereby transforming everybody (including children) into nuclear workers. Moreover, from 2011 onwards, the Japanese regulatory bodies maintained that the probability of developing radiation-related cancers below the dose limit of 100 mSv was negligible and that smoking and obesity were more risky than low-dose radioactivity (Jobin forthcoming). They thus circumvented the international scientific consensus on the linear nonthreshold model [START_REF] Hasegawa | Returning Home after Fukushima. Displacement from a Nuclear Disaster and International Guidelines for Internally Displaced Persons[END_REF]. This situation shows that ignorance production was also about refounding national boundaries and bastions of truth. In the Chernobyl case, the radiation exposure level in the post-emergency (i.e. recovery) period was raised to 5 mSv under the Soviet regime and then lowered again to 1 mSv after 1991 (Russia, Ukraine, Belarus) 3 . In practice, however, many people continued to live in regions where radioactivity levels far exceeded the 1mSv level because their respective governments failed to resettle them.

According to data from the IAEA, 5 million people were still living in contaminated areas 20 years after the Soviet accident. The total number of official victims was approximately 7 million (across the three countries) (IAEA 2006b).

In addition to exceptional health standards, management plans based on individual guidelines were drawn up for those evacuees strongly encouraged to return to the areas surrounding the Chernobyl and Fukushima sites. Indeed, evacuated land was normalised or cleaned up not only through the decontamination work and application of the relevant technical criteriawhich, in some cases, proved to be inefficient or temporary because of the unavoidable migration of radioelements from one place to anotherbut also through people's willingness to obey state orders. Very often, people agreed to resettle in their former localities despite insoluble radioactive contamination. These so-called 'participatory rehabilitation' guidelines played a key performative role in this context. They aimed to train victims on how to minimise their exposure to radionuclides as far as possible by providing advice on their daily food intake, use of water, walks in the forest, and so on. The experts' assumption here was as follows. If the inhabitants who resettled in these renormalised areas continued to live as they had before (i.e. if they did not pay attention to the newradioactivecondition of their environment), their land would gradually lose its normality (i.e. it would become 'contaminated' or 'exceptional' again), and these people would probably fall ill one day. If, however, they took some 'simple' steps and acted as responsible, informed citizens, they would not necessarily or immediately fall victim to radiation-related illnesses. As a result, the land on which they chose to (re)settle would preserve its normality and would not be stigmatised.

Similar 'participatory rehabilitation' guidelines were elaborated by a group of French experts called the Ethos team (Topçu 2013b). They were financed by the European Commission, in the late 1990s and tested in the Brest region of Belarus, where one quarter of the territory was contaminated. The Ethos experts saw taking responsibility for one's own health and managing radioactivity risks at individual level as ways to become 'empowered', to shake off the loser or victim mentality and to valorise oneself and one's land and property. They promoted individual efforts to adopt newexceptionallife standards or habits as the remedy for sick land, to make it functional, hospitable, fertile and thus economically valuable again. Thanks to the victims' collaboration, land would no longer be 'sacrificed'. However, this 'sacrifice' was to silently shift from the territorial to the biological arena (i.e. the victims' bodies).

The EU Ethos project further explored ways to make the land in Brest (Belarus) profitable

again and gradually open it up to agricultural exploitationa resilience strategy that had already been explored by the Soviet nuclear authorities during the Cold War, especially after the Mayak nuclear disaster, which was kept secret for thirty years [START_REF] Brown | Plutopia. Nuclear Families, Atomic Cities and the Great Soviet and American Plutonium Disasters[END_REF][START_REF] Kasperski | De Maïak à Tchernobyl, la 'guerre' radioactive : une liquidatrice témoigne[END_REF]). In the aftermath of the Chernobyl accident, for example, the IAEA and the FAO launched a large-scale project in the Gomel and Mogilov regions of Belarus, which were more contaminated than Brest, with the aim of developing 'clean' rapeseed oil production (World Bank 2002). Similar strategies and guidelines implemented under the leadership of the Ethos and ICRP experts, among others, have been in effect in the Fukushima region since 2011 [START_REF] Kimura | Fukushima ETHOS: Post-Disaster Risk Communication, Affect, and Shifting Risks[END_REF][START_REF] Ribault | Resilience in Fukushima: Contribution to a Political Economy of Consent[END_REF].

From biological 'sacrifice' to the social psyche

Beyond the biological 'exploitation' of victims' bodies and health, nuclear states and agencies gradually came to realise that the management of social psycology was crucial to a quick 'recovery' of contaminated zones. In the early 1990s, experts from the WHO, the IAEA, the OECD and the World Bank were highly critical of the official management of the consequences of the Chernobyl accident, not because Ukraine, Belarus or the Russian Federation did not or could not assure all the resettlements they had promised to their people but because they had overpromised. Indeed, the reports and studies from international agencies were almost univocal in condemning the post-Chernobyl evacuation and compensation policies for being overly cautious, economically unsustainable and politically counter-productive. They claimed that the governments' uncareful examination of the pollution situation had unnecessarily increased the devalorisation of land and resources, which in their opinion generally been unfairly labeled as contaminated. They argued that too many evacuations provoked fear, trauma and even mental illnesses such as anxiety and depression among the local populations. The concept of radiophobia was developed based on such assumptions. The international bodies also believed that the Soviet and post-Soviet governments' excessive desire to compensate and assist the victims could create a mentality of permanent victimship and a heavy dependence on the state. For example, a group of international experts commissioned by the United Nations Development Programme suggested in 2002 that: 'Bringing condemned land back into economic use would be a powerful marker of the process of recovery for potential investors and in terms of the psychology of the communities concerned. The issue needs to be carefully considered by these communities, working with appropriate specialists and local and national government agencies. Wherever possible, the assumption should be that local people should have the choice of where to live and work, provided the interests of vulnerable individuals, including children, can be properly protected' (UNDP 2002).

The health effects were thus minimised, and the psychological issues were maximised. In short, it can safely be argued that the international bodies, including first and foremost the IAEA and the WHO, believed the biggest harm from Chernobyl was psychological [START_REF] Kuchinskaya | Politics of Invisibility. Public Knowledge About Radiation Health Effects After Chernobyl[END_REF]).

In the case of Fukushima, too, the psychologisation of harm and the official strategies to control public fear and concern proved to be central [START_REF] Ribault | Resilience in Fukushima: Contribution to a Political Economy of Consent[END_REF]. At an international level, the UNSCEAR and the IAEA have argued since 2013 that 'the most important health effect [from the Fukushima accidents] is on mental and social well-being, related to the enormous impact of the earthquake, tsunami and nuclear accident, and the fear and stigma related to the perceived risk of exposure to ionizing radiation' (UNSCEAR 2013;IAEA 2015). At a national level, the nuclear experts in Japan took on the mission from the outset of teaching people 'to fear correctly' by popularising two distinct categories, anzen and anshin, meaning 'safety' (i.e. objective, officially defined safety) and 'feeling of safety' (i.e. subjective, emotional, lay safety), respectively [START_REF] Shirabe | From Risk Communication to Participatory Radiation Risk Assessment[END_REF]. They put forward the experts' ways of defining and measuring the risks as the only way of evaluating the fallout from the catastrophea phenomenon that [START_REF] Hirakawa | Rhetorical Marginalization of Science and Democracy: Politics in Risk Discourse on Radioactive Risks in Japan[END_REF] described as 'scienceplanation'. In this context, the denial of risk was an important component of the scienceplanation policy adopted by the Japanese government, which waited several weeks before reclassifying the severity of the catastrophe at level 7 on the International Nuclear and Radiological Event Scale from the initial level 4, and it took more than two months for TEPCO to announce that the Unit 1 reactor had actually gone into meltdown on the very first day of the accident [START_REF] Figueroa | Risk Communication Surrounding the Fukushima Nuclear Disaster: An Anthropological Approach[END_REF]. Overall, the risk communication discourses of the Japanese authorities and expert bodies were embedded in a very specific conception of the public as either ignorant receivers of exaggerated information or victims of 'pure rumours' (ibid).

Indeed, in the post-Fukushima context, rumour (fūhyō in Japanese) proved to be a major tool not just of risk governance and compensation management but of social engineering more generally. The Japanese government believed that lay and critical evaluations of the situation in Fukushima and bad publicity (renamed as 'rumour') about it did more harm than the becquerels. Because the damage from the accidents was 'so difficult to fully comprehend as it is both colorless and odorless' and because it demonstrated 'aspects of a "compound disaster", including the harmful rumors that have spread domestically and overseas' (Reconstruction Design Council 2011), the government launched a war against rumours as a corollary to its policy to reconquest contaminated lands, which some analysts have described as 'disaster nationalism' (Kimura 2016: 151). While appealing for 'hope', 'harmonious coexistence', 'national consensus', 'community empowerment' and the cultivation of 'linkages' (or bonds, kizuna) (Reconstruction Design Council 2011;[START_REF] Dudden | The Ongoing Disaster[END_REF], this 'war' also appears to have been a powerful ignorance production tool. It served to invisibilise the complex and mostly irreversible nature of the radioactive contamination that polluted the Fukushima region, its land, ressources and food products. It also gave the impression that everything had been or could be brought under control (except for 'external threats', such as rumours) in a context in which, a decade on from the accidents, the damaged reactors were still far from stabilised and uncertainties regarding the permanent movement of caesium, iodine, strontium and the many other dangerous radionuclides that colonised the soil, forests, atmosphere, water and people's bodies were likely to keep growing. Since 2011, this national war against rumours has been more than just a battle over the best or most legitimate expertise within which lay viewpoints are likely to be denigrated. It has involved intensive political efforts, such as the government's successful bid to host the Summer Olympics in Tokyo (originally planned for 2020), the 'solidarity with Fukushima' campaigns launched in Tokyo and elsewhere (inviting the public to consume food products from the Fukushima region in order to combat the rumours) and more direct methods like the tightening of state control over media coverage, especially in relation to the evaluation of the consequences of Fukushima.

Another area in which the Japanese government's war against rumours played a key role was compensation payouts. In May 2011, Japan's Dispute Reconciliation Committee for Nuclear Damage Compensation (DRCNDC) created a new category of damage to be taken into account in the compensation of victims, called 'rumour-related damage' (fūhyō higai). It is defined as: 'concern about the risk of contaminated radioactive material in relation to products or services, due to facts that are widely known through media reports, leading consumers or trading partners to refrain from purchasing the product or service, or stop trading in the product or service, resulting in damage' (DRCNDC 2012: 110). According to the DRCNDC, rumourrelated damage was closely related to the consumers' or trading partners' 'psychological state of wanting to avoid the product or service' (ibid: 111).

The official texts underline the fact that Japan's recognition of rumour-related damage was embedded in ambiguity, since such a categorisation unavoidably influenced the rumour-related damage itself (thereby reinforcing the rumour and thus the damage). Hence why rumour-related damage, just like 'mental anguish damage' due to evacuation, was categorised as a temporary damage. More important, however, is the fact that a significant proportion of the compensation budget was allocated to rumour-related damage. Neither extended land contamination nor health consequences were considered as important 4 . What people considered to be acceptable and safe was framed as a major problem and prioritised in the political agenda. It is clear, even from some official reports (Fassert and Hasegawa 2019: 98-102), that what people lived in (i.e. a degraded environment), experienced and suffered from (irradiation, diseases) in their bodies and within the nuclear Anthropocene was given a secondary place.

Conclusion

Numerous reports, sociological surveys, opinion polls and statistical data now highlight the tensions generated, particularly in Japan, by what I have called geobiological recovery. First and foremost, despite intensive official campaigns in Japan stating that it was safe to return to the (de)contaminated zones, the average rate of return in March 2018 was only 15%, and most of this number were older adults [START_REF] Fassert | Shinrai Research Project: The 3/11 Accident and its Social Consequences. Case Studies from Fukushima Prefecture[END_REF]. In addition, disenchanted by the institutional recovery policies, the victims have recently intensified juridical action through a collective mobilisation for justice [START_REF] Jobin | The Fukushima Nuclear Disaster and Civil Actions as a Social Movement[END_REF]. They consider that the deteriorated living conditions and health of the affected communities have been underinvested by the state who has put the biggest emphasis on the decontamination and normalisation of previously inhabited zones. While the many 'ordinary' forms of reparation mobilised by farmers (Thorsen, in this volume), mothers [START_REF] Kimura | Radiation Brain Moms and Citizen Scientists. The Gender Politics of Food Contamination after Fukushima[END_REF], environmental NGOs and citizen scientists continue to expand, juridical reparation is becoming the tool of choice for the (re)politicisation of the problems posed by the Fukushima chain accidents.

These dynamics indicate, on the one hand, how ineffective top-down recovery or repair policies can be, regardless of how much money is allocated to them to make them succeed. On the other, they reveal the importance of defining what is affected by a disaster (habitable land? people? ecosystems? everything?). Arguably, the decision-makers's sectorisation of different types of potential victims (under the form of physical environment vs. human beings and their bodies, for instance) aims above all to make public action effective as cheaply and as quickly as possible in order to restore life to what it was (or almost was) before the accident and thus to restore techno-industrial activity and economic growth. While this kind of sectorisation has led to a narrow and technicalised form of repairwhich I have proposed to call geobiological recoveryin the cases discussed here, such reductionism also offers the advantage that social scientists as well as actors in the field can better decrypt and reframe the issues at stake. One issue concerns of course the many, often interconnected forms of repair. In contrast to the topdown reductionist visions imposed by decision-makers, these various forms of repair should be discussed, negotiated and activated in the case of a nuclear disaster. Another issue concerns the need to recognise that not everything can or will be targeted for repair in a post-accident context, even though the damage may appear, at least for a time, to be re-covered. 
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Notes

1 The category of 'nuclearists' I mobilise here refers to a range of actors (states, industries, government agencies, scientific and media organisations, trade unions) who promote nuclear energy as a 'system' of government (in terms of production/consumption, profit-making, sociopolitical organisation and control, etc.). Those I describe as 'anti-nuclearists' reject the generalisation of such a system. See Topçu 2013. 2 R1: urgent evacuation (within 12 hours); R2: evacuation required, but more time is available to prepare; R3: restrictions on agriculture and temporary evacuation; R4: destruction of crops and restrictions on agriculture; R5: no restrictions, but regular radiologic monitoring is required. See AEC 1957 (Appendix D).

3 During the emergency period, the threshold levels temporarily set by the former USSR were much higher (i.e. 500 mSv per year in the period 12-22 May 1986; 100 mSv per year after 22 May 1986) [START_REF] Kuchinskaya | Politics of Invisibility. Public Knowledge About Radiation Health Effects After Chernobyl[END_REF]). 4 According to the DRCNDC (2011), the loss in property value (loss of value due to exposure, etc.) was estimated to be around JPY 570.7 billion, whereas loss due to 'rumour-related damage' (agriculture, forestry, fisheries, manufacturing, services, etc.) was estimated at JPY 1.3039 trillion. See OECD 2012: 59.
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