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Cumbrian Alchemy (2012-2014) 

Robert Williams and Bryan McGovern Wilson 
Cumbrian Alchemy project 

United Kingdom 

The Cumbrian Alchemy project explores issues emerging from an enquiry into convergent 
relationships among the nuclear and other energy industries, archaeological monuments 
and oral traditions of the North Lancashire and Cumbrian region in the north-west of 
England. Topically, it focuses on ideas of “places of power”, issues and discourse 
associated with hazardous industrial sites, long-term nuclear repositories, matters of 
“deep-time” with respect to the recording and remembering of these repositories, 
language preservation and stewardship of the land. The project was supported by Arts 
Council England and the University of Cumbria. 

As part of the fieldwork, sites were visited at the nuclear facilities at 
Heysham 1&2 reactors, historical site of Sellafield and the associated training facility for 
vitrification of nuclear waste. Historical and heritage sites were explored at Heysham in 
North Lancashire, as well as a variety of prehistoric archaeological sites in the region 
including the monuments of Long Meg and her Daughters, the cursus at King Arthur’s 
Round Table near Penrith, and the stone circle at Castlerigg. The fieldwork stage led to 
the making of new work, notably three large-scale Diasec photographs, the series of 
drawings included in the exhibition at The Rheged Centre (February-April 2014) and 
Centre Mondial de la Paix at Verdun (September 2014), and a collaborative sculpture in 
which a collection of stones sourced from folkloric sites in Cumbria, were sent to New 
York to be cast in uranium glass. These were then returned to Cumbria with their 
radioactive doubles as part of the sculpture Ghost Stones (Figure 10). The film Gryss-hryggr 
focuses on narrated elements of the Volsünga Saga found on the Heysham Hogback Stone 
monument. Material associated with Britain’s Energy Coast, the archaeology and folklore 
of the region was collected to form documentation of place and context, with 
bibliographic references and associative material presented within two plan-chests that 
act as archival repositories. 

The illustrated book, designed by the artist James Brook, brings together material 
invoked and generated by the project. Essays by eminent professionals form a parallel 
enquiry, mirroring the themes for the artwork with particular reference to records 
knowledge and memory (RK&M) issues. Essayists include the archaeologist 
Dr David Barrowclough from the University of Cambridge, a leading expert on the 
prehistory of Lancashire and Cumbria who considers the concept of deep-time in 
Cumbria and the future archaeology of long-term nuclear storage. Nuclear specialist 
Dr Paul Abraitis investigates the natural history of radiation in the context of the region, 
while journalist Alan Cleaver provides insights into the folklore of Cumbria in his 
discussion of semi-mythical animal and supernatural stewards of the land. The 
introduction is by renowned American artist Mark Dion. 
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Figure 10: Sculpture Ghost Stones 

 
 © Robert Williams, Bryan McGovern and Sam Knight. 

Wilson made the trans-Atlantic journey in early 2011. By this time Wilson and 
Williams had completed research that informed the dialogic and interdisciplinary project. 
Not least of which was in the identification of three principle areas of interest that 
emerged from the investigation of the region in consideration of RK&M themes as a 
contribution to the discourse. The first aspect being the “energy coast” of Cumbria and 
North Lancashire, which encompasses the historically significant nuclear power, 
renewable energy production and mineral extraction industries. That these were then 
considered in relation to what the artists had begun to conceptualise as other “places of 
power” in Cumbria, was significant in their exploration of the extant archaeological 
monuments in the region, referencing millennia of human occupation since the last 
glaciation. The monuments informing this second strand ranged from the Mesolithic and 
Neolithic periods, later western Megalithic cultures, Brythonic Celt, to the Roman 
occupation signalled by the presence of Hadrian’s Wall, and the region’s mediaeval Norse 
heritage. The third aspect of their interest was to consider how ideas of these places of 
power, of “deep-time”, “mythic-time” form a sense of continuity with the land that might 
find expression within the narratives, stories, place names and folklore of the region in 
an exploration of ideas that form part of current proposals and strategies for RK&M. The 
extent of the field area encompassed territory within the nexus of old Lancashire, 
Westmorland and Cumberland. In the centre and across to the coast on the west and the 
Pennine Hills to the east lies the ancient kingdom of Cumbria, a place of dramatic 
scenery, lakes and mountains, huge geological formations and great valleys carved by 
glaciers nearly a mile thick during the last Ice Age. 

The region is important culturally in informing the rise of Romanticism, particularly 
with reference to Edmund Burke’s idea of The Sublime (1756), which focused not only on 
creating the dichotomy between beauty and the sublime, but also with reference to 
emotional and physiological responses to landscape as part of a dynamic for 
interpretation. However, less well-known and yet as equally important is Harriet 
Martineau. A reformer and early pioneer of women’s rights, racial equality and political 
science, she is considered to be the first woman sociologist. Of significance for our project, 
she was the author of The Complete Guide to the English Lakes (1855), in which she 
advocates a structured and aestheticised approach to the land in order to seek out 



ARTISTS 

RADIOACTIVE WASTE MANAGEMENT AND CONSTRUCTING MEMORY FOR FUTURE GENERATIONS, NEA No. 7259, © OECD 2015 113 

sublime elements. This represents a development of Thomas West’s earlier guide book 
on Lakeland (1780) which led to the setting up of viewing stations linked to historical, 
aesthetic and antiquarian qualities which were invoked according to the theory of the 
significance of “place” and “context”, in order to fully appreciate the sublime experience.1 
Martineau was interested in this holistic approach to the concept of place, her guidebook 
invoked folkloric elements, oral histories, along with antiquarian, geographical and 
topographical information to draw in all the aspects of a particular location in order to 
read landscape and to make meaning. 

Central to the Cumbrian Alchemy project are the energy industries, perhaps most 
directly referenced in the form of the nuclear installations on the coast. To the west is 
Sellafield, now no longer a producer but a reprocessing site. Sellafield began life as Calder 
Hall, the world’s first atomic power station and the first British facility built to provide 
enriched plutonium for use in Britain’s nuclear arsenal during the Cold War. Significantly, 
the site of production for the British nuclear submarine fleet is at Barrow-in-Furness in 
the south-west of the county. After Calder Hall, the nuclear facility known as Windscale 
was developed. It was here on 10 October 1957 that the world saw its first civil nuclear 
disaster. The air-cooled reactor in unit 1 malfunctioned and burnt for three days, creating 
a disaster of severity level 5 on the International Nuclear Event 7 point scale. While most 
of the nucleotide releases had short half-life decay cycles, there was still significant 
contamination of the site, the surrounding region and in the Irish Sea. Memory of this 
event and its consequences remain topical in the region. Consequently, the issue of long-
term geologic storage of nuclear waste under Cumbria is a significant social, political and 
cultural matter within the region. The plan for a geologic repository was narrowly 
defeated at a local level during the lifetime of the project. The no vote surprised both 
local and national governments alike. It is the urban communities that oppose these 
underground storage facilities. The inhabitants of the West Coast and the communities 
surrounding Sellafield are emphatically pro-storage, representing long-term economic 
stability, employment and security in a very deprived part of the country. 

It seemed important within the framework of our enquiry, to put aside particular 
ethical, moral or political positions. To treat the existence of these industries and the 
concomitant issues that they give rise to as phenomenon to be addressed and 
investigated. The artists became interested in the current discourse about the 
preservation of knowledge and the deep-time marking of nuclear repositories, in view of 
the wealth of archaeological material in close proximity to the Cumbrian sites. 

Less than a mile north of the Heysham nuclear facility lies the Barrows, a site of 
human occupation for more than 10 000 years (see Salisbury and Sheppard, 1994; and 
ARS, 2009). Here are found a series of stone coffins cut into the bedrock of the 
premonitory that once held the bodies of Christianised Vikings at a site of one of the 
earliest churches established in Britain in the 8th or 9th century. Nearby in the mediaeval 
church of St. Peter built around 1340 on earlier Saxon foundations, is preserved the 
famous Viking Hogback Stone. Hogback sculptures are found in a narrow corridor on the 
west side of the country – a single stone found on Merseyside marks the southernmost 
extent, while there is a group at Govan which forms the most northerly range. The vast 
concentration of all known hogbacks lies within Cumbria. However, this Lancashire 
example is the best preserved of them all. The stone carries within its carvings two 
stories from the Norse Völsunga Saga, an epic tale concerning the heroes Sigmund and his 
son, Sigurd. They are stories of epic battles, voracious wolves, magical transformations, 

                                                           
1. At viewing stations such as Claife, overlooking Windermere, special viewing windows were 

constructed and glazed with coloured glass to act as framing devices in order to provide the 
“correct” and most beautiful views. The Lake District has been a tourist destination since the 
late 17th century. 
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and the famous story of dragon slaying when Sigurd defeats the monster Fafnír. The 
narration in the film, Gryss-Hryggr was provided by the late Mr John Disney, senior guide 
at St. Peter’s church. This was his personal account of the ancient tale, delivered in his 
own idiom as part of an oral tradition that goes back more than a thousand years. As a 
Yorkshire man, Mr Disney’s dialect owed its cadence and rhythms to the Norse speech 
that it developed from. Short of hearing this story in Old Icelandic, this is as authentic as 
it gets and is a way to link the deep past to the contemporary world. 

Figure 11: Sellafield Drawer 

 

 © Robert Williams, Bryan McGovern and Sam Knight 

One strategy considered in the project emerged from an encounter with the work of 
Thomas Seboek, a Hungarian born folklorist and semiotician. He is noted particularly for 
the development of the theory of Zoosemiotics, in relation to theories of mind in terms of 
animal communication, intelligence and language use (also see Williams R., 2013). It was 
his interest in languages that led to his appointment by the US Nuclear Regulatory 
Commission to consider ways to mark nuclear sites for future generations, in many ways 
a precursor to the discourse and the concerns of the Constructing Memory conference. 
This work led to his noted 1984 paper Communication Measures to Bridge 10 Millennia 
(Sebeok, 1984). He proposed what he called a “folkloric relay system” to use narrative and 
oral traditions, as well as a sequence of signs to create an “Atomic Priesthood”. Wilson 
took this as a lead in his development of the Alchemical Host that chimes directly with his 
persona as the Atomic Priest within Cumbrian Alchemy. Here the Atomic Priest’s 
vestments are drawn from the cult originator’s clothes as they reference Robert 
Oppenheimer, father of the atomic bomb. Wilson and Williams decided that the Atomic 
Priest would make a pilgrimage to the archaeological monuments of the region, a sort of 
magical, alchemic tourist testing Seboek’s novel and controversial ideas in relation to his 
proposals for RK&M.  
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Figure 12: Atomic Priest at Castlerigg 

 
© Robert Williams, Bryan McGovern and Sam Knight 

The third thematic aspect of the exploration in considering how power – natural, 
human, or supernatural – might be identified with place, speculated on how the 
communication of this might warn, beguile or control, in view of maintaining knowledge 
of dangerous or significant sites while transcending time on the scale of a human 
lifespan. Folkloric stories and oral traditions informed the research and guided this 
aspect of the enquiry. On the upper Eden valley lies Wild Boar Fell, where Sir Richard 
Musgrave killed the last wild boar of England. A tusk of this beast, formerly buried with 
Sir Richard’s body, is now preserved as a relic in the Parish Church of Kirby Stephen. At 
the western extent is a precipitous premonitory, Humphrey Head. This is the very spot 
where the last wolf of Cumbria was killed. The significance of these animals is also 
preserved within Norse place names in Cumbria – the Boar or Grisle, gives its name to 
many locations in the county that have the gris prefix, like Grizedale or Grisland. 
Similarly, the wolf is very much represented in place names, the word Ulpha, of which 
here are many in the county, means “hill of the wolves”, and gives its name to places like 
Ulverston and Ullswater and Ullscarf. These two animals became important within the 
project as evidence of the preservation of meaning in relation to place and land over 
lengthy periods of time. These powerful and potent animals were imagined as elemental 
stewards of the land, they might have been so in the past, and remain so in terms of their 
continued existence in an eternal mythic space. 

The overall strategy for the project was to create a work that forms a complex and 
related set of correspondences between the three strands of the enquiry, to invoke our 
research and speculation about RK&M, and to act out themes in relation to the different 
elements of the enquiry. These elements join together, but not necessarily in neat or 
even logical ways. One may see the dynamic of the project as behaving like thought itself, 
one aspect referencing and triggering another, to form an interconnected network of 
possible readings and meanings to promote further insight, speculation, discourse and 
debate. 
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Robert Williams, a British artist, holds a personal chair as Professor of Fine Art at the 
University of Cumbria. His interdisciplinary practice draws from subjects as diverse as 
archaeology, taxonomy, alchemy and anthropology. Recent practice includes 
collaborative projects with his 16-year-old son, Jack Aylward-Williams, the American 
artist Mark Dion, German cultural sociologist Dr Hilmar Schäfer and the British 
conceptual writers, practitioners and publishers Information as Material. 

Bryan McGovern Wilson is a multidisciplinary artist whose work addresses themes of 
time, the body, and ritual. Wilson looks to craft traditions as methodology, archaic 
symbolism and field research as strategy to inform his works. Wilson is the recipient of 
the 2014 Irwin Borowsky Prize in Glass Arts. He currently lives and works in New York 
City. 

Wilson and Williams have worked together over several years on projects such as 
Opus Magnum: Theatrum Chemicum Britannicum for the Mildred’s Lane Project in 
Pennsylvania, and An Ordinall of Alchimy with Mark Dion for Cabinet Magazine in Brooklyn, 
New York. Cumbrian Alchemy is their first UK-based project together. 
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	Passive provisions
	Passive provisions comprise three archives provisions: i) the “detailed record”, set of more than 10 000 documents, enriched with a complementary set every 5 years (surveillance data); ii) the “summary record”, one single volume describing in widely understandable terms the repository, its history, its inventory; iii) public utility easements, reported in documents restricting future uses of the site. The detailed record is copied in two sets; one is kept at Andra, the second is transferred to the French National Archives. To allow durability of the physical support, all documents have been duplicated on permanent paper, according to international standards.
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	Regarding the public, in order to promote the transmission of living memory, Andra:
	 Proposes guided visits all year long.
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	 Develops partnerships with associations and scientific societies whose missions deal with memory.
	 Has established a think tank on memory, composed of local representatives, local residents, former workers from Andra and from the nuclear industry, and artists. Meetings are held several times per year. Work areas include, for example, memory through art, long-term markers, a project of “ultra-summary record”, analysis and critical follow-up of work being performed by Andra at the Manche repository, etc.
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	Another type of active provisions is the periodic review of the set of memory provisions, which will be performed on a ten-year basis, by Andra experts and by national and international experts. The first review was conducted in 2012; it focused on the detailed record. Two internal assessments were performed in January 2012, followed by the first international assessment in September of the same year. This was prepared by: i) an internal critical review in 2009, based on comments from the safety authority (ASN) and its technical support organisation (Institut de radioprotection et de sûreté nucléaire [IRSN]) when they reviewed the 2009 Safety Report; and ii) a critical review of the summary record in 2011-2012 performed by the CLI.
	In the future, appraisals will be organised regularly. This monitoring process, which will be associated to the decennial revisions of the safety case, will aim at periodically testing and upgrading the so-called “passive memory” provisions of the CSM. This could build a kind of local ritual contributing to memory preservation. This process could be subject to validation reviews, outside of the decennial framework.
	Constituting the detailed record of the Manche Surface Repository
	First phase of implementation of the solution: “Historical reconstruction”


	At the beginning of the operation phase of CSM, in the very first years, part of the waste was received without inventory. Knowledge on the waste content had thus to be built a posteriori. This was done through an investigation work and through modelling. Historical data were collected with operators of activities producing the waste, in the various nuclear workshops. Then, radioactive spectra of possible waste were inferred for each of these activities. Finally, waste inventory was reconstructed, residual uncertainties being covered by safety margins.
	Second phase: Selection/incorporation

	The second phase of implementation of the solution dealt with identification of needs, through a risk approach, consistent with long-term safety analysis. This was followed by the selection of relevant information and knowledge necessary for addressing the needs, which was performed with the help of retired staff from Andra. Then collected information was hierarchised, according to a tree structure. Work was conducted to enhance legibility of information: a glossary was created, acronyms explained, a short abstract was written for each archive box. All the selected documents were printed on permanent paper.
	Around 20 000 hours were spent in preparing the first set of the detailed record.
	The international appraisal of the detailed record

	As mentioned above, in 2012, Andra organised an international appraisal of the detailed record. The appraisal process was prepared by internal exercises in January 2012 with former CSM workers and new Andra employees. It was based on a role-playing game simulating “future memory needs”. The scenarios placed the participants in a somewhat far future, in 2262, and they had access to records (the detailed record) related to the CSM site. Information available on the origin and nature of CSM varied according to the scenarios. Participants were asked to imagine that they were facing a green hill (the closed repository), and have to answer a set of questions. These questions were elaborated on the basis of the plausible evolution scenarios defined when the first set of detailed record had been constituted (1995-2000).
	The questions had been established in connection with the safety assessment scenarios. They dealt with general understanding of the site and knowledge on the components of the repository, environmental pollution issues and intervention modalities above or inside the site.
	The experts had access to a “numerical image” of the detailed record archives (more than 60 metres of archive boxes, several thousands of plans).
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	Back in Britain, I searched for more accurate maps so as to fix the exact location of the Hedge. Such maps proved elusive until I found a set of maps of Agra District in the Royal Geographical Society. On these, one inch to the mile maps, dated 1879, there was a line of trees clearly labelled as the customs line. I went back to India in 1997 and tramped the fields of Agra. Flood irrigation had levelled the landscape and nothing remained. Hereditary landowners and farmers knew nothing of the Hedge.
	Returning to Britain, I looked at various maps (mostly low-scale) that I found in British libraries, I began to realise that the Hedge, which had often been the boundary between Princely States and British India, was now a road. The government had used the land acquired for the Hedge for road-building, and thus obliterated any remains.
	When I returned to India in 1998, I started to look at places where for some reason the modern road did not follow the old state boundary. Using a Global Positioning System (GPS) I walked the old boundaries in these areas, but without success. However, by chance in one of these places, I met an old monk who knew of what he called “the old line”. He showed me a line of widely spaced tamarind trees that ran across the fields. They ran very close to where I had calculated the Hedge would have run and I had read that tamarind trees had been planted to give shade to patrolling customs officers. There was no sign, however, of any of the barrier’s thorn trees. Nevertheless, I was fairly confident that I had found some sign of the customs line.
	I had a small-scale map that showed the customs line as running between the rivers Yamuna and Chambal, close to where they meet. This, I reasoned, might be a good place to look. I went to a nearby town and met an old man who knew of what he called the “Parmait Lain”, although he had no idea of what its function was. This description, which alluded to the customs permit that was needed to cross the line, I had come across in an old map lettered in Hindi and Urdu. However, he told me, the very road we were standing on was built on top of it some years ago.
	Nevertheless, I decided to walk along the bank of the River Chambal to where I had calculated that the line diverged from the new road and crossed the river. At this spot there was a small village called Pali Ghar. There I found a retired college principal, Mr Chauvanji, who assured me that I was indeed in the right place. He took me to the edge of the village where, on top of a substantial embankment, a line of thorn trees wended its way north. We walked along the embankment until, after a few hundred yards (metres), it came to a deep cutting that took the line through some crumbling hills. Beyond the hills, it once again ran along an embankment before coming to a halt as it merged with a new road. I was confident that I had found a surviving stretch of the great Hedge. Mr Chauvanji reinforced my confidence by telling me of how, when he was a child, old men had reminisced. They had told of the high price of salt, of smugglers, and of how customs officers had shouted messages from mouth to mouth along the line for many miles.
	My GPS reading at Pali Ghar was 26° 32.2’ N, 79° 09.2’ E. If this reading is put into Google Earth, the embankment of the Hedge is clearly visible – but only if you already know it is there.
	I published my finding in The Great Hedge of India (Moxham, 2001). It received wide publicity both in the press and on air. I fully expected people to come forward to tell me that they knew all about the Hedge and had written about it years before, but no. Indeed many thought the book was a hoax. It may be that the huge amount of coverage given to Gandhi’s famous campaign against the later small tax on salt had obscured any memory of the earlier much larger tax and its Hedge. I appealed for anyone who knew of a photograph to contact me, but nothing happened.
	The one interesting communication I received was from Richard Hingley, a Roman archaeologist, who cited a passage about the Hedge from Essays (Pelham, 1911). Haverfield likened the Hedge to barriers built across Germany by the Romans in the second century. Interestingly, the wooden stakes of one of these barriers were found near Gunzenhausen in 1894. Haverfield, who had excellent connections in India, also tried to find a photograph of the Indian Hedge but failed.
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	Defining a communication system for the long term
	Eleni Mitropoulou
	Centre de recherches sémiotiques (CeReS), Université de Limoges
	France
	One year ago, the Centre de recherches sémiotiques (CeReS – Semiotics Research Centre) at Limoges University launched a research project within the scope of Andra’s Memory project. As research at the CeReS focuses on semiotics, linguistics and information and communication technologies, these disciplinary fields also provided the framework for our work on radioactive waste repositories and long-term memory. Communicating with the general public about waste repositories is an integral part of the construction of a memory. However, the lack of historical experience in communication, especially when dealing with “marking”, has been highlighted. Accordingly, in close collaboration with our contacts at Andra – who gave us their requirements and expectations in terms of results – we established the relevant objectives and studies for this undertaking. We presented our method at the Constructing Memory international conference and gave an update on our fields of investigation.
	The initial purpose of the research project

	The starting point was to identify the methodological and theoretical requirements for undertaking a semiological study on how to “guarantee” long-term communication on radioactive waste disposal.
	We then introduced the premise that it was not marking (consisting in a language, image, symbol or code, etc.) that needed to be made sustainable but rather the process for communicating on it. So the initial hypothesis on the “long-term” communication process (with “long” defined in terms of the Records, Knowledge and Memory project) assumes the need for a “communication system” approach i.e. a coherent and significant set comprising elements that interdepend on each other according to differences and similarities. The communication system is a system of relations, which entails the notions of stratification and sub-system in particular.
	The work undertaken

	Two types of related assignments were launched, at different stages:
	Bibliographical research (at the start of and throughout the project)
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	Figure 35: CONRRaD Project
	/
	Since 1969 the National Atomic Energy Commission (CNEA) has been operating a waste management area called Área de Gestión Ezeiza (AGE) in Buenos Aires’ Province, which, among its facilities, has laboratories for waste characterisation, and facilities for radioactive wastes treatment, conditioning, packaging, storing and disposal of low-level radioactive wastes.
	Among its duties, the NPRWM has the responsibility of maintaining a documented record system to preserve the knowledge that is available and relates to the mentioned facilities. The STOReR system has been designed with the aim of ensuring traceability through all the steps of radioactive waste management from generation to storage or disposal. Apart from upgrading an application in use since 2001, the new software includes improvements in the inventory calculations according to the current regulations.
	Basically, the system consists of two applications. One application called PAGE is on the Net and it is available for the producers. These producers are the facilities that generate radioactive waste as a consequence of their normal operation. PAGE enables the producers to access all the services provided by AGE more easily. Not only are producers the users of PAGE, but there are also authorised owners of radioactive sources and devices because AGE provides transitory or permanent storage of these elements.
	The other application called STOReR is the main one which provides the capabilities needed to support the whole system, such as the databases storage and management. STOReR is for the exclusive use of AGE workers who are grouped and entitled to specific permissions according to their operational duties and these have access to the system via an internal network. The STOReR system is a tool for knowledge management applied to process and is expected to be used in other facilities such as nuclear power plants. Figure 36 shows a simplified scheme of the whole system, including users, applications, drivers and radioactive waste elements, to facilitate the understanding of its global operation.
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	Participants agreed that RK&M policy and regulation, as well as funding mechanisms, need to be put in place at the beginning of the disposal planning and accompany its developments. Updates will be needed as disposal projects evolve and new information is generated. Guidelines should address the general context, provide advice on creating summaries for non-professionals and decision makers, and foster the development of multiple ways to keep memory, balancing diversity of means and redundancy. Redundancy can be understood as preserving multiple copies of records in separate locations and different formats, such as hard copy or digital documents, to ensure information is not lost in case one of the copies be damaged or disappears. Participants were of the opinion that the two-way relationship between the local community and the operator should also be addressed through regulations. It was also suggested that each country should develop its own RK&M preservation organisation. Overall, the opinion was that geological disposal is the responsibility of society at large, and that RK&M policy and regulation are a democratic obligation (response to a societal demand) and have a role in safety (complementing the “built-in” safety of the repository system).
	Discussion Group 2: Key information file
	 (Moderator: Claudio Pescatore – Secretary: Anne Claudel)


	As a basis for discussion, the RK&M initiative’s systematisation of repository information in three levels was presented. With reference to Figure 2, the top level (level 1) consists of the key information file (KIF), level 2 is the set of essential records (SER), and level 3 consists of all records as they are typically transferred to the archives.
	The group insisted on the principle of maintaining accessibility to as much information as possible and for as long as practicable. The reasons for this included reducing the probability of inadvertent intrusion as well as facilitating retrievability. The majority of participants were of the view that no discarding of documents should take place, even though it was acknowledged that large collections of records are difficult to access and understand. Care should be taken to structure the collections in a meaningful way and to include appropriate retrieval tools to facilitate access and interpretation. The three-level systematisation is a good step in that direction.
	Figure 2: Systematisation of repository information in three levels
	/
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	 Indirect oversight refers to oversight of the repository when the waste is no longer readily accessible. This will take place when sections of the repository or the whole of the repository are sealed. Any measurement of the state of the technical system is then by remote or indirect means. Indirect oversight after closure may include monitoring of release pathways under a variety of institutional arrangements.
	 “No oversight” will be discussed below.
	Figure 5, adapted from Figure 1 in ICRP-122 (ICRP, 2013), shows the connection between the repository life phases, the oversight conditions and the RK&M reference timescales.
	Figure 5: Repository life phases and examples of associated decisions
	/
	In the upper part of Figure 5, in red, the life phases of the repository (pre-operational, operational and post-operational phases) are indicated. They correspond to construction or operational activities with respect to the repository, indicated equally in red in the lower part of the figure. In between those two lines the level of oversight is indicated in black: direct oversight, when the waste is accessible, and indirect oversight, when the waste is not readily accessible anymore, so principally after the closure of the geological repository. Be it direct or indirect, oversight means that society is “keeping an eye” on the technical system and on plans and decision regarding this technical system. Since the post-operational phase extends over the whole time of concern in the safety regulations, i.e. over hundreds of thousands of years in the case of high-level waste, it would be unreasonable to assume that this oversight can be upheld over this virtually endless timespan. Therefore, it must be assumed that there will be a period in the post-closure phase with “no oversight”. Along these repository life phases and oversight conditions, the RK&M initiative reference timescales are defined, as indicated in the top line of Figure 5:
	 The “short term” refers to the period of time that ends with repository closure. This period includes both the pre-operational and the operational phases of the repository. Timescales are in the order of 100 years.
	 The “medium term” refers to the period of time of indirect oversight activities that would follow repository closure. Timescales are in the order of a few hundred years, though it is not possible to foresee the point at which oversight might terminate.
	 The “long term” refers to the period of time with no repository oversight. This period extends over the time of concern in the safety regulations, typically over hundreds of thousands of years in the case of high-level waste.
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	To allow the detection and the interpretation of these traces in a far future it is essential to tag them. The proposed solution is to mark the Cigéo site. The concept, in progress, is to dispose a lot of small long-lived anthropological pieces (made of ceramic for example) to indicate the human origin of the structures and to enable a correct interpretation. Such small pieces could be mixed with exotic material filling drill holes and/or trenches disposed around the main Cigéo installations.
	This concept could create detectable soil anomalies and allow the surface distribution of pieces over a long time period, despite natural erosion of the site.
	Figure 8: Marking the site and the long-lived traces
	/
	Sources: Dominique Harmand and Jacques Brulhet (left); Jacques Brulhet (right).
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	From our perspective, however, we would be more cautious regarding the possibility of maintaining or recovering information, knowledge and meaning over long timespans. The example of European megalithic tombs shows how people’s interpretations of their meanings and significance has changed drastically over the circa 5 000 years of their existence (Holtorf, 2000-2008). Indeed, many were completely destroyed. What was preserved or recovered was, at best, the assumption that these monuments stemmed from a distant past beyond human memory and that people may have been buried in them. But these assumptions hardly constitute the kind of maintenance or recovery of relatively complex information, knowledge and meaning that is relevant in the present context of nuclear waste repositories. The lesson to be learnt from this example is that information, knowledge and meaning are created in every present. Historical development, including the history of interpretations, is not predictable and full of changes.
	Like most scholarly disciplines, archaeology, as an academic discipline, is only about 150 years old, with roots maybe twice as old. In the long perspective it appears that archaeology does not look at its study objects such as megalithic tombs from a position that transcends history but it is instead itself part of history. Archaeology, like other academic disciplines of the present, is to be understood as situated in a larger social and cultural context. It is a particular way of creating information, knowledge and meaning of selected study objects in the present (Thomas, 2004). We cannot assume that current archaeological ways of making sense of the past will persist, nor that academic archaeology in the long-term future will even exist. Nor will most of the scientific disciplines as we know them today.
	But archaeology can nevertheless offer valuable insights about the way in which future societies will make sense of remains of the past.
	How will future societies make sense of remains of the past?

	Archaeology is an important tool for understanding human and cultural development in time. The information, knowledge and meaning it generates is necessarily of its own present, reflecting that present’s perceptions of both the past and the future. These perceptions are based on interpretations and narratives of the past and assumptions about the future. In Figure 9, we hypothesise on some of the processes involved when this takes place.
	Figure 9: Schematic illustration of how interpretations of the past are transformed through the needle’s eye of Now into assumptions of the future
	/
	Source: Anders Högberg, inspired by http://adventurefuture.wordpress.com.
	Crucially, this is a “rolling now” constantly moving along the axis of time as the future becomes present and the present becomes past. 
	The way humans make sense of pasts and futures in the present is important for how we understand ourselves and our present time. We assume that this applies to all humans, past, present and future. Arguably, the ability to understand the present as a consequence of history and the way we plan for the future separates us from other species. Indeed, to think about time in complex abstract terms is unique to humans (Donald, 1991).
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	Memory provisions for the Manche Surface Repository
	Jean-Noël Dumont and Florence Espiet
	French national Radioactive Waste Management Agency (Andra)
	France
	Introduction

	The Manche Surface Repository (CSM), the first radioactive waste repository operated in France, was created in 1969, and received its last waste package in 1994. The closure operations lasted from 1991 to 1997. It entered officially in the surveillance phase in 2003. The surveillance phase will last at least 300 years. The main milestones of the life of CSM are presented in Figure 4.
	Figure 4: Main milestones regarding the Manche Surface Repository
	/
	The memory provisions of the Manche Surface Repository

	As required by the safety authority, memory regarding the repository must be preserved for at least three centuries, corresponding to the oversight period. This requirement relates to the existence of the repository and its content. A complementary objective is to provide knowledge in order to: i) understand how the repository was implemented and what is happening on the site; ii) correct possible unwanted events; or iii) transform the site if desired. A set of provisions has been defined by Andra to allow this. They consist in: i) “passive” provisions; and ii) “active” provisions.
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	Figure 6: The 2 scenarios taking into account future climate change (bioclim)
	/
	Source: Projet mémoire – Archéologie du paysage, Agence nationale pour la gestion des déchets radioactifs, DRD/MG/11-0195 (25 novembre 2011).
	Figure 7: The Neolithic flint mining complex of Brandon, east of England, 4 000 to 5 000 years old
	/
	Sources: Copyright Ron Strutt and licensed for reuse under this Creative Commons Licence.
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	New ways of communicating and working culture essential for the transmission of knowledge are appearing. This should be an integral part of the industrial choices that are considered for long-term storage as our current political and economic vision is far from adequate. Knowing which technology is used and its inseparability with the material define a certain image of monuments. Ensuring their follow-up, each generation will try to visualise them. Thanks to their strong cultural references they may also include various migration groups. Communities across the world will share their knowledge on this subject matter. In order to achieve this, a special place should be considered for people aware considered as part of this new community of guards. The laboratory, working closely with its local management agency, will relay the work which has not been planned upfront. Nevertheless, the image of this archaeology of the future should be contemplated at the surface.
	Figure 19: Geological repositories become platforms for artistic research and landscape design
	/
	Source: Design by Anne Marquet.
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	Figure 36: STOReR system
	/
	1. Request of containers.
	2. Request of waste management services.
	3. Inspection services. 
	4. Vehicle tracking during journey.
	5. Radioactive waste access to the Área de Gestión Ezeiza (AGE).
	6. Waste management records, inventory.
	The following long time strategies have to be adopted to assure the sustainable NKM program applied to waste management: 
	 The continuous monitoring of IT hardware and software infrastructures to minimise the risk of knowledge loss due to the fact that IT technologies may become obsolete. 
	 Motivation of young people in R&D on Radioactive Waste management.
	 The continuous up-to-date teaching and training methods and technologies to facilitate young generations knowledge transfer. 
	 The continuous administration and maintenance of the CONRRaD portal.
	 The continuous up-to-date NKM process.
	 The continuous up-to-date waste management process. 
	 The permanent alignment of the CONRRaD strategy with the Strategic Plan of Nuclear Waste Management.
	The successful implementation of the whole NKM program will provide traceability and preservation in such a way that people can trust in the authenticity and veracity of the information to use it with confidence.
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	 Indirect oversight refers to oversight of the repository when the waste is no longer readily accessible. This will take place when sections of the repository or the whole of the repository are sealed. Any measurement of the state of the technical system is then by remote or indirect means. Indirect oversight after closure may include monitoring of release pathways under a variety of institutional arrangements.
	 “No oversight” will be discussed below.
	Figure 5, adapted from Figure 1 in ICRP-122 (ICRP, 2013), shows the connection between the repository life phases, the oversight conditions and the RK&M reference timescales.
	Figure 5: Repository life phases and examples of associated decisions
	/
	In the upper part of Figure 5, in red, the life phases of the repository (pre-operational, operational and post-operational phases) are indicated. They correspond to construction or operational activities with respect to the repository, indicated equally in red in the lower part of the figure. In between those two lines the level of oversight is indicated in black: direct oversight, when the waste is accessible, and indirect oversight, when the waste is not readily accessible anymore, so principally after the closure of the geological repository. Be it direct or indirect, oversight means that society is “keeping an eye” on the technical system and on plans and decision regarding this technical system. Since the post-operational phase extends over the whole time of concern in the safety regulations, i.e. over hundreds of thousands of years in the case of high-level waste, it would be unreasonable to assume that this oversight can be upheld over this virtually endless timespan. Therefore, it must be assumed that there will be a period in the post-closure phase with “no oversight”. Along these repository life phases and oversight conditions, the RK&M initiative reference timescales are defined, as indicated in the top line of Figure 5:
	 The “short term” refers to the period of time that ends with repository closure. This period includes both the pre-operational and the operational phases of the repository. Timescales are in the order of 100 years.
	 The “medium term” refers to the period of time of indirect oversight activities that would follow repository closure. Timescales are in the order of a few hundred years, though it is not possible to foresee the point at which oversight might terminate.
	 The “long term” refers to the period of time with no repository oversight. This period extends over the time of concern in the safety regulations, typically over hundreds of thousands of years in the case of high-level waste.




