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Abstract 
 

When evaluating the near surface repository safety, it is assumed that the infiltration increases rapidly after a 
couple of hundreds of years due to the protective embankment and concrete destruction. The radionuclide 
migration in the ground base usually is estimated with models and codes, which scenario analysis are criticized 
because no specific account is given to suggest how their appropriateness is determined. 
The possibilities of verification of models for long-term prediction of the radionuclide migration and of 
repository stability on the base of archaeological and geological analogues are discussed in the paper. Such 
analogues were found in the 2500 year old Tracian tumuli, in which sepulchre cameras frescos and base-reliefs 
are very well preserved, in the medieval fortification banks, in the layers with soluble substances under the 
paleosols in Aeolian loess sediments etc. Performance of special project for achievement of adequate data is 
proposed. 

 
 
1. Introduction 
 
In Bulgaria a potential site has been selected and explorations have been carried out for the 

construction of a of the surface semi-buried repository for low- and intermediate level 
radioactive wastes (LILW)  
When evaluating the LILW repository safety, it is assumed methodology that water 

infiltration through the protective embankment of the repository increases during the first 
200-300 years starting from 10 % and reaching to 100 % of the precipitation amount. It is 
considered that this embankment will be destroyed by the atmospheric factors within several 
centuries and then the concrete containers and repository chambers could fall apart and finally 
the protective barriers will be disintegrated. 
These assumptions are rather conservative and a growing interest recently has been observed 

to natural and archaeological analogues, providing an idea of the real role of protective 
barriers of radioactive waste repositories as well as of the processes occurring in the 
geoenvironment [1]. Some investigations have been carried out of the Silbury Hill tumulus in 
Wiltshire, 4000 years old [2]. This study has been made for one site and has a preliminary 
character. It does not overcome the doubts that “the analogy between analogues and a waste 
disposal facility is not perfect since in most cases only the end results of the naturally 
occurring processes can be observed, and there is significant uncertainty about initial 
conditions and their evolution over time” [3,4].  
Bulgaria could make a contribution in this aspect, since its territory is rich in structures left 

by ancient civilizations. Beside this our repository will be built in a region with Aeolian loess 
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sediments, containing fossil soils, which had been subjected to infiltration processes. The 
investigation of the in-depth migration of soluble substances in these soils could provide an 
idea of analogous processes in LILW repositories. 
The main objective of this report is to analyze the available archaeological and geological 

information and to show outlines of the future investigations. The experience in building earth 
embankments of some ancient civilizations will be described first and then the Thracian 
tumuli and Old Bulgarian medieval embankments and old stone structures will be considered. 
A short discussion will be made on the investigations on loess sediments and fossil soils in 
them, and how they could be used in the present study. Finally, a methodology for the 
adequacy of envisaged research will be proposed, aimed at increasing the reliability of the 
obtained results. 
 
 
2. The ancient worldwide soil embankment and tumulus practice 
 
Ancient civilizations produced great number soil embankment structures [5]. The oldest 

earth dam was built in Jordan in the 4th millennium B.C. The dykes along the River Nile, 
dated to the period from the 3rd millennium to the 1500 B.C., are impressive in their size. At 
that time big dykes were built in China and India, too. Within the sphere of European 
cultures tumuli were characteristic for the culture of the Scythians, Thracians, 
Macedonians, Etruscans and other European peoples during the 1st millennium B.C. 
The Thracian tumuli are widespread throughout the territory of South Eastern Europe and 

Asia Minor. Their total number according to some estimates is about 60 000. The shape of 
the tumuli is conic, less frequently as a truncated cone. Their maximum height is 30 m, but the 
average height is between 7 and 10 m. The angle of slopes is between 22 °C and 30 °C. In some 
burial tumuli were found impressive stone tombs with frescos, base relief ornaments and burial 
articles.  
As a rule, the big tumuli are multi-layered, their completion took a long time and they were built in 

stages. First two or three smaller mounds were built, after which a new embankment was built on top 
(photo 1).  
 

Photo 1: Kotcherinovo tumuli, South – West Bulgaria 
A big group of well 

studied tumuli is situated 
close to the village of 
Sveshtari (Northeast 
Bulgaria), and their 
archaeological and 
geotechnical peculiarities 
have been elucidated. [6, 7]. 
The investigation of the 

sepulchral architecture 
provides proves for 
tumuli construction 
stability. The famous 
Kazanluk tumulus has 
kept the beauty of the 

fresco scenes on its walls for 2500 year just the same as left to us by the ancient master. The 
Sveshtari sepulchre with caryatides (photo 2), which is under the auspices of UNESCO, 
represents an extremely interesting prove for the protective role of the earth embankment.  
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Photo 2: Sveshtari sepulchre with caryatides 

The investigations on the 
influence of the natural factors 
determined the constant 
temperature conditions and the 
humidity regime, and  
proved the lack of salt and 

water movement, which is 
usually in the basis of 
destruction process. These 
investigations included 
application of microbiological, 
luminescent, UV and thermo 
graphic methods for 
documenting the status of the 
monument. The information about 

the documented tumuli so far shows that the carbonate layers (from crushed limestone), which often 
are met in the embankment, have been preserved as in the state they were built in, and no traces of 
soluble substances are observed beneath them (photo 3).  
 

Photo 3: No traces of soluble substances 
Recently in the newly 

found tumulus near the 
Alexandrovo village has 
also been observed that 
the frescos in the 
sepulchre have been 
preserved in the course 
of 2400 years in a 
microclimate of 
extremely high but 
constant humidity of 
98 % and a temperature 
of 14 °C. There is no 
evidence for water 
penetration, which 
means that the insulation 
role of the mound embankment continued during the entire period of its existence. Small 
rootlets have permeated only into the dromos, which is situated most closely to the mound 
surface.  
In Bulgaria they were carried out paleoseismological studies of tumuli sepulcher structures 

[8]. It has been established that due to very strong earthquakes the stonework vault arches of 
the sepulchers could be destroyed and the limestone blocks building them could be displaced 
and cracked (photo 4). The collecting of more data in this respect, although referring to 
significantly weaker structures than the reinforced concrete chambers of LILW repositories, 
could be useful for the assessment of the seismic impact during the long period of the 
repository existence. 
 
Photo 4: Earthquakes consequences 

 3



The ancient tradition in 
the building of soil 
embankments was 
continued in the Early 
Middle Ages. Typical 
examples are the Old 
Bulgarian earthen defense 
embankments built in the 
period between the 7th and the 
10th c. A.D. They are about 60 
in number; their length is of 
hundreds of kilometers 
while the volume of the soil 
excavation works has been 

estimated to between 20 and 30 million cubic meters. Some of the embankments have been 
investigated not only from archaeological but also from the geotechnical point of view, whereby 
it has been proved that they have survived to our time due to the various methods of 
compaction and stabilization used, as well as to their suitable angle of slopes [9]. 
The performed investigations provide evidence that the water content in the embankment 

interior is low and it seems that it is not significantly influenced by the seasonal climatic 
fluctuations. They are envisaged special explorations on this problem since the earthen 
embankments are closer with respect to their shape to the LILW protective embankments, 
compared with the tumuli. 
The fact that the described embankments and tumuli are preserved till now represents a topic 
of interest for the present study. They provide an indirect evidence for the life duration of the 
protective embankments for the LILW repositories of the surface type. 
 
 
3. The ancient stone structures 
 
The durability of certain engineering materials used for protective barriers has not been 

proved and this is a source of uncertainty in the prediction of their insulating qualities. 
Presumptions have been made both abroad and in Bulgaria that the ancient and medieval 
“concrete” might serve as an analog for modern concrete. Investigations have been started on 
this problem [10], showing that the network-like calcium silicates are the basic binding 
substances of both types of concrete. 
 
 
4. Analogues in loess sediments 
 
North Bulgaria and the regions of the Kozloduy and Belene NPPs in particular, are covered 

by Aeolian loess, whose stratigraphy represents a real record of the climatic development 
since the near geological past till present days. The knowledge of this development would 
make the predictions of the climatic impacts on the relatively long duration of a repository 
more reliable. The loess comprises up to seven fossil soils with zones beneath them 
containing substances deposited by infiltration, whose investigation could provide an idea 
about the potential migration of some soluble substances from the RAW repositories. The 
contemporary soil was formed during the last 8000 years and the depth reached by leached carbonates 
might be indicative for the migration of some radionuclides (for example, Sr) under the effect of 
infiltration. 
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5. Adequacy of multidisciplinary investigation 
 
Adequacy in this investigation means the extent of correspondence and truthfulness of the 

reflection of the processes that have really occurred (or will occur) in the object of 
investigation (respectively, the Thracian tumuli, the protective embankments, the fortification 
structures, the soil layers in loess deposits, as well as the future repositories for low and 
intermediate-level RAW) and in the environment. 
The main point in studying the adequacy is not just its evaluation but rather the development 

and improvement of the multidisciplinary investigation and its rationalization. 
The approach and methodology of the adequacy investigation are based on the theory of 

system analysis and decision making, for reflecting the uncertainty, which is an intrinsic 
property of complex processes and phenomena [11].  
The scheme for the adequacy investigations for this multidisciplinary study , has the 

following generalized form: 1) Adequacy of problem formulation; 2) Adequacy of the 
methodological approach to the problem solution; 3) Adequacy of the multidisciplinary 
research procedure for solving the problem and of its basic elements; 4) Adequacy of the 
variants for the solution (analogues and repositories). Analysis of the correspondences 
“retrovariant – retroscenario” and “future variant – future scenario”. Analysis of sensitivity, 
stability and interpretation of the variants for the solution; 5) Adequacy of the information 
back up; 6) Adequacy of reflecting the (retro and future) uncertainty. 
The spatial-temporal relations are the characteristic of crucial importance in the investigation 

of adequacy. The research is realized in two time scales – geological – 700 000 – 1 000 000 
years and historical – 3000 – 4000 years, in both directions of the time axis – the past and the 
future. 
 
 
6. Conclusion 
 
The available information provides the grounds to expect successful completion of 

investigations of the archaeological and geological analogues of the processes occurring in 
the repositories for conditioned low and intermediate-level radioactive wastes. The work 
hypothesis of such project is that the study of infiltration through ancient and medieval 
embankments, including of its effects on the sepulchers and other structures hosted in them, 
would contribute to determine more exactly the amount of precipitation water that could pass 
through the LILW repository protective embankment; that the depth of penetration of the 
leached salts in the fossil soils in loess and of the crushed limestone layers in the old 
embankments might be used in the prediction of radionuclide migration; that the state of the 
slopes of ancient tumuli and medieval embankments would provide information about the real 
range of erosion under the impact of atmospheric factors; that the data about the seismic 
effects on the sepulcher chambers might be useful for the assessment of the earthquake hazard 
for the repository; that the study of ancient concrete and mortar used for the stonework might 
be useful for the more accurate prediction of the real durability of the containers and 
reinforced concrete chambers of LILW repositories. 
Of course, it is not expected that the result of the studies would lead to immediate 

corrections in the existing scenarios for assessment of LILW repository safety. However, 
these results will contribute to increasing the trust of the population, public institutions and 
ecological organizations, as well as to the repository site selection and to its safe functioning. 
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