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This study was originally commissioned by the Swiss Federal Office of Energy between 2008 and 2010. The 
intention was to investigate the ‘state of the art’ on marking with a view to learning lessons for geological 
repositories.  

The "Preservation of Records, Knowledge and Memory across Generations (RK&M)" project of the OECD 
Nuclear Energy Agency (NEA) found that providing such a study to a wider, and not only German speaking 
audience, could be very useful, and offered the platform for the publication of the English translation.  

It should be stressed that the present literature study does not seek to provide directly usable solutions in terms of 
marking, labelling and archiving. It is designed mainly to inform the various bodies responsible for radioactive 
waste disposal, national institutions as well as a wider interested public and to convey the complexity of the topic 
and the variety of issues that have to be addressed in the future. 
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Future event Time (years) Past event 
Drainage of contaminated water from waste 
disposal sites no longer functional 

100 100 ago Becquerel discovers natural radioactivity (1896), first offshore boreholes for oil exploration 
(1900), Russo-Japanese war (1905), start of WW1 (1914) 

Time period for a first risk assessment (e.g. 
Riet waste disposal site Winterthur) 

200 200 ago First gas lamp (1792), Goethe’s Theory of Colours (1810), Age of Enlightenment, 
Napoleonic era 

Engineered barriers of disposal facilities 
conforming to the TVA (Swiss technical waste 
ordinance) no longer functional 

400 to 800 400 to 800 ago Age of Galileo and Kepler (around 1600), Edict of Nantes (1598), Cathar crusades 
(beginning of 13th century) 

Ion-exchange capacity for the bioreactor 
compartment at the Feldmoos disposal facility 
(ZH) exhausted 

2500 2500 ago Greek water clocks; steel production in India; whale oil lamps with asbestos wicks in China, 
Greco-Persian wars, start of the heyday of Hellenism 

  9000 ago Stone Age temple of Göbekli tepe (Urfa, Anatolia) 
Ion-exchange capacity for the inert materials 
compartment at the Feldmoos disposal facility 
(ZH) exhausted 

30,000 30,000 ago Upper Palaeolithic, use of strokes (groups of 5) for counting (e.g. herds); Neanderthals die 
out 

  37,000 to 43,000 ago First identified Neanderthal jewellery; Homo sapiens first identified in Europe; Palaeolithic 
(Old Stone Age) flutes found in the Swabian Alb (37,000 years ago) 

  50,000 ago Identification of humans similar to Homo erectus in south-east Asia 
  40,000 to 70,000 ago Neanderthals bury their dead, obtain birch pitch by distillation 
  65,000 to 70,000 ago Migration of Homo sapiens from Africa 
Maximum isolation period for L/ILW Up to 100,000 100,000 ago First find of Homo sapiens jewellery and of burials by Homo sapiens 
Isolation period for HLW Up to 1 million ~ 1 million ago First and last identification of Homo heidelbergensis (800,000 and 200,000 years ago) 
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 Risk type Driving force for action or reasons for non-
action 

Risk perception Form of realisation Protection factor (effect) 
of a marking programme 
on intrusion 

1 Greed Ruthless profit-orientation of individual interests 
(speculative investors, example “stock market” or 
“treasure-hunting”, see point 4) 

Tends to be low as profit 
orientation dominates and 
strongly influences risk 
perception 

Violent and deliberate 
plundering of a site with 
the purpose of acquiring 
valuable objects 

Small to minimal effect as 
the driving motive 
dominates possible 
precautionary measures, 
pre-programmes 
destruction of the marking 

2 Adversity Alleviating materially intolerable living conditions 
(poverty in “3rd world countries”, example “theft of 
medical radioactive sources”) 

Minimal, negligible in the 
adversity situation 

Violent plundering of a site 
with the purpose of 
acquiring valuable objects 
to improve existential 
hardship 

Small to minimal effect as 
hardship is considered 
more threatening than the 
risk from the repository; 
destruction of near-surface 
marking likely 

3 Curiosity Satisfying the drive by fulfilling the need: 
appropriation of knowledge for individual use 
(researchers; example “archaeology”) 

Average to high, 
depending on what 
individual preferences 
dominate 

Deliberate intrusion into 
the underground 
environment and the 
repository possible 

Relatively large effect of 
marking, particularly 
underground 

4 Profit maximization Retrieval of emplaced, economically potentially 
lucrative materials such as waste (treasure-
seekers, example “recovery of gold and silver and 
everyday objects from sunken ships”) 

Small to large, depending 
on whether processes are 
coupled 

Deliberate intrusion into 
the repository, cost of 
intrusion determines the 
economic success of the 
undertaking 

Relatively large effect of 
marking, particularly for 
underground structures 

5 Sense of responsibility  Averting danger from a leaking repository (clean-
up programme, examples “decommissioning of 
hazardous waste disposal sites in Switzerland”) 

High, knowledge of danger 
potential good 

Deliberate intrusion into 
the repository, costs of 
intrusion relative to health 
risk 

Large effect of marking, 
particularly for 
underground structures 
and disposal tunnels 

6 Herostratism, wilfulness, 
fanaticism 

Satisfying the drive by fulfilling the need: 
appropriation of hazardous material for destructive 
purposes and for harming others (e.g. terrorism) 

High because the source 
of danger is deliberately 
being sought to use it for 
destructive ends 

Deliberate and presumably 
fast and violent intrusion 
with the purpose of 
acquiring hazardous 
material 

Large effect of marking, 
particularly for 
underground structures 
and disposal tunnels 



 Risk type Driving force for action or reasons for non-
action 

Risk perception Form of realisation Protection factor (effect) 
of a marking programme 
on intrusion 

7 Lack of interest Absolute indifference to source of danger, 
complete blanking out of danger 

Minimal, risk is not 
recognised or, at best, 
played down 

Risk of intrusion only in the 
case of exploration of 
underground environment 

Marking presumably has 
only a restricted effect 

8 Negligence Indifference to source of danger, complete 
blanking out of danger 

Minimal, risk is not 
correctly perceived 

Risk of intrusion only in the 
case of exploration of 
underground environment 

Marking presumably has 
only a restricted effect 

9 Ignorance Loss of knowledge of a potential danger and of 
the know-how and possibilities for recognising the 
danger: exploration and use of the underground 
environment possible 

No risk perception 
because source of danger 
is not known 

Risk of intrusion in the 
case of exploration of 
underground environment 

Marking presumably has 
only a restricted effect 

10 Coupled processes (e.g. 
ignorance and curiosity) 

Realignment of interests and assessment of 
danger possible 

Minimal to large depending 
on the scenario 

Risk of intrusion in the 
case of exploration of 
underground environment 

Effect of marking varies 
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 Intrusion scenarios Reference Motivation Required technology Preventive measures 
1 Unintentional drilling into a repository for 

economic reasons. Penetration is vertical or from 
the side (motivation e.g. gas exploration Forest 
Oil Weiach 2004, exploiting coal seams Permo-
Carbon trough, water (Zurzach), geothermal, salt 
solution mining 

Kaplan 1982, S.3; 
HITF 1984, S. 4; Hora 
et al. 1991, S. IV-9; 
Posner 1990, S. 44 

Search for raw materials, 
water, forgetting repository 
location or its danger 

Rotary drilling from 1900 
(spindle top 1901) 

Near-surface marking 

2 Unintentional construction of a storage facility 
(gas, oil), of tunnels (e.g. Swissmetro) or other 
underground structures (vertical or lateral 
penetration 

Kaplan 1982, S.3; 
Hora et al. 1991, S. 
IV-10; Benford et al. 
1991, S. 20, Tolan 
1993, S. 21 

Search for storage 
capacity, forgetting 
repository location or its 
danger 

Drilling technology 1900 
Mining technology 1900 
Tunnelling technology 1870 

Marking near the surface, in 
access shafts and the 
repository possible; preventive 
measures using marking 
difficult if outside repository 
perimeter 

3 Unintentional injection of liquid wastes (CO2 
sequestration, liquid waste, etc.) 

Hora et al. 1991, S. 
IV-10; NEA 1995, S. 
57; Tolan 1993, S. 21 

Search for storage 
capacity, forgetting 
repository location or its 
danger 

Rotary drilling from 1900 
(spindle top 1901) 

Near-surface marking 

4 Unintentional drilling into the repository or its 
surroundings for testing new weapons systems 
(e.g. underground nuclear weapons tests from 
July 1957 at the Nevada Test Site) 

Hora et al. 1991, S. 
IV-12, IV-24; NEA 
1995, S. 57, Tolan 
1993, S. 21 

Search for a test site, 
forgetting repository 
location or its danger 

Rotary drilling from 1900 
(spindle top 1901) 

Near-surface marking 

5 Intentional opening of the repository to emplace 
new waste 

Hora et al. 1991, S. 
IV-10, IV-16; 

Expansion or re-use of the 
repository 

Mining technology, 20th 
century 

No preventive measures 
effective, or marking near 
surface, in the access shafts 
and the repository 

6 Intentional opening of the repository to recover 
valuable resources (copper, steel, etc.) 

HITF 1984, S. 3; NEA 
1995, S. 57  

Recycling of resources Mining technology, 19th 
century 

Use of only non-recyclable 
materials (e.g. ceramics), 
additionally marking (surface, 
deep) 

7 Intentional retrieval of the waste inventory due to 
a new spatial planning evaluation or risk 
considerations (no need for clean-up) 

AEN 2002 Dismantling of the 
repository or parts thereof 

Mining technology, 20th 
century 

Marking near surface, in the 
access shafts and the 
repository 



 Intrusion scenarios Reference Motivation Required technology Preventive measures 
8 Intentional retrieval of waste inventory to clean 

up underground environment 
AEN 2002 Dismantling of the repository 

or parts thereof 
Mining technology, 21st 
century 

Marking near surface, in the 
access shafts and the 
repository 

9 Intentional drilling into a repository to harm a 
society (scorched earth policy) 

HITF 1984, S. 3, NEA 
1995, S. 57 

Herostratism/fanaticism Rotary drilling from 1900 
(spindle top 1901) 

No preventive measures are 
effective 

10 Repetition HITF 1984, S. 3 
NEA 1995, S. 57 

   

11 Archaeological exploration or underground 
research 

Hora et al. 1991, S. 
IV-11, IV-23; NEA 
1995, S. 57; Tolan 
1993, S. 21 

Historical curiosity (treasure-
seeking), underground 
research 

Mining technology, 19th 
century 
Rotary drilling 1900 

No preventive measures are 
effective, or marking near 
surface, in access shafts or 
repository 

12 Unintentional exploration of the underground in 
repository vicinity with a hydraulic short-circuit 

HITF 1984, S. 3; 
Tolan 1993, S. 21 

Search for natural 
resources, water, forgetting 
repository location or its 
danger 

Rotary drilling from 1900 
(spindle top 1901) 

Prevention through marking 
difficult, if outside repository 
perimeter 

13 Construction at the surface with impact on 
repository (e.g. large dams) 

Hora et al. 1991, S. 
IV-12, IV-25; 

Water supply, energy 
production, irrigation 

Dam technology 20th century Near-surface marking 
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 Mark Transmission 
area 

Age (years b. 
common era) 

Author Function / 
Significance  

Significance 

Paleolithic 
terracotta figurine 

no marks Czech Republic 2,900 – 
25,000 

Vandiver et al. 
(1989) 

Religious 
significance 

Durability of fired ceramic 
Technical agility in ceramic 
production 

Paleolithic 
terracotta pottery 
from the cavern 
of Yuchanyan 

no marks Hunan, China 18,300 – 
15,430 

Boaretto et al. 
(2009) 

Found together 
with ashes  

Durability of fired ceramic 
Technical agility in ceramic 
production 

Paleolithic 
terracotta pottery 
Jômon-culture 

different 
patterns 

Japan 14,000 – 
7,500, older 
Jômon 

 Purpose not fully 
understood 

Durability of fired ceramic 
Technical agility in ceramic 
production 

Token and 
terracotta bull 

some marks 
with cylinder 
seal 

Mesopotamia 8,000 to 
3,000 

Schmandt-
Besserat D. 
(1999, 1996) 

Contracts, 
counters, 
forerunners of the 
proto-cuneiform 

Durability of the material (clay, 
ceramic) 
Durability and recognizability of 
the purpose and use 

Terracotta 
pottery Donau-
culture 

ridges, fluting, 
engraving, lines 
etc.. 

Southeast 
Europe 

6,500 and 
younger 

Haarmann H. 
(2011) 

Kitchen utensils 
and burial 
objects, marks as 
manufacturing 
and origin label 

Durability of the material (clay, 
ceramic) 
Durability and recognizability of 
the purpose and use 

After stone age great variability 
of marks on clay 
objects 

Eurasia About 4,000 
(Chalkolithic) 

Various Kitchen utensils 
and burial 
objects, marks as 
manufacturing 
and origin label 

Durability of the material (clay, 
ceramic) 
Durability and recognizability of 
the purpose and use 



 

 





 

 

 



 

  

  

 

    

 

  

 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 











 

 



 









 Structural marking 
technologies 

Purpose Demonstrated durability Risk scenarios Requirements on marking 

1 Structures at the surface Marking the surface above 
the repository as a place of 
warning and memorial 

Maintained: up to > 2000 years (Pont du Gard, 
Pantheon Rome, Porta nigra Trier, etc.) 
Not maintained: < 250 years 

Recovery of valuable 
resources (e.g. hewn 
stone, tiles) 

No monumental structures, no use of 
hewn stone, walls from worthless 
material 

2 Structures beneath the 
surface 

Duplicate of disposal 
chambers (info repository) at 
or beneath the surface for 
future archaeologists 

Maintained: up to > 2000 years (Catacombs 
Rome, Eupalinus water tunnel, Pythagorion 
Samos, etc.) 
Not maintained: < 250 years, exceptions up to 
> 2000 years 
Asphalt sealing up to > 2000 years 

Collapse due to lack 
of maintenance 

Stable walls from worthless material, 
careful implementation of seals, etc. 

3 Objects buried beneath the 
surface (< 2 m) 

Warning signals Rock/silex: > 1 million years 
Terracotta: > 10,000 years 
Glass: 1000s of years 
Metal: < 1000 years (except native metals) 

Interest in antique 
objects 

Unattractive, identical objects (e.g. 
terracotta, special ceramics) in very 
large volumes with identical warnings 
and measures (warning or radio 
tokens) 

4 Marking objects in the shaft 
area and access galleries 
(e.g. circular galleries) 

Control function for 
dismantling, warning function 

Special ceramics/terracotta: > 10,000 years 
Glass: 1000s of years 
Other materials (metals): < 1000 years (except 
native metals) 

Interest in antique 
objects 

Unattractive, identical objects (e.g. 
special ceramics) in very large 
volumes (e.g. annular marking with 
radio tokens every 2 m) with identical 
warnings and measures 

5 Disposal chambers or 
tunnels (according to 
concept) 

Control function for 
dismantling, warning function 

Special ceramics/terracotta: > 10,000 years 
Glass: 1000s of years 
Other materials (metals): < 1000 years (except 
native metals) 

Interest in antique 
objects 

Identical to marking objects in shaft 
area, designed specifically for 
emplacement technology 

6 Disposal containers and 
possibly reflectors 

Warning function Steel container: < 10,000 years? 
Copper container: > 100,000 years? 
Other materials: ? 

Interest in resources / 
recovery of valuable 
materials 

Making the disposal containers from 
special ceramics or other worthless 
material  

7 Chemical markers Warning function Unknown Interest in resources 
unlikely 

Clarification of durability, 
manufacturing of chemical warning 
markers 



 

 







 



 

 

 



 

 

 



 


































