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Abstract. A new approach to environmentally safe unique identification of long-term stored copper 
canisters is suggested in this paper. The approach is based on the use of a tungsten insert placed inside 
a copper cask between the top iron lid and the copper lid. The insert/label is marked with a unique 
code in the form of binary number, which is implemented as a combination of holes in the tungsten 
plate.  In order to provide a necessary redundancy of the identifier, the tungsten label is marked with a 
few identical binary codes. The position of the code (i.e. holes in tungsten) corresponds to a 
predefined emplacement of spent fuel assemblies in the iron container. This is in order to avoid any 
non-uniformity of the gamma background at the canister surface caused by the presence of iron-filled 
spaces between spent nuclear fuel assemblies. Due to the use of tungsten and its strong attenuation 
properties, gamma rays emitted by the spent fuel assemblies are collimated. As a result, the variation 
in the gamma-counting rate in a detector array placed on the top of the copper lid provides the 
distribution of the holes in the tungsten insert or in other words the unique identifier. Thus, this way of 
identification of the copper cask does not impair the integrity of the cask and it offers a way for the 
information about the spent nuclear fuel to be read up to a few thousand years. 

1. Introduction 

How can mankind keep records for many generations? One example of this is the Rosetta stone. 
Simple and reliable technology became the key to decipher hieroglyphs when the knowledge how to 
read and write the ancient Egyptian language had disappeared more than 1400 years ago. We should 
look at such historic examples when designing system for record keeping in the future, especially 
when related to geological repositories. There, one of the challenges is how to maintain a continuity of 
knowledge about spent nuclear fuel for a time scale of up to a few thousand years without 
compromising the environmental safety of the casks. In order to address this topic a number of 
specific acceptance criteria for radioactive wastes to be disposed in a deep geological repository are 
developed [1,2]. 

These criteria are related to the question of how to identify each spent fuel cask in a way that an 
identifier does not impair the integrity of the cask and is able to keep the information at least “to the 
end of the period of retrievability” [1]. Ideally, the identifier should satisfy a number of requirements, 
see [3] for an extensive discussion. Today, there exist a few tagging techniques that could be 
considered for the encapsulation of spent nuclear fuel. Some of them, such as conventional tagging 
techniques, radioisotope tags [3,4], radio frequency tagging systems, electronic tags, ultrasonic 
systems [5], Reflective Particle Tags (RPT) [6] and SERS-Active Nanoparticle Aggregates (SANAs; 
SERS: Surface Enhanced Raman Scattering) [7] are shown in Figure 1.  
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FIG.1.Overview of currently existing tagging methods.  

However, as identified in [8,9,3,10], none of these concepts meet all needs of a tagging system for 
long-term stored spent nuclear fuel casks. This work proposes a new and environmentally safe tagging 
system in order to keep the continuity of knowledge of copper canisters for long periods of time in the 
conditions of a deep geological repository. 

2. Method 

In order to develop a “safeguards by design” method a tungsten tag was proposed [11] and tested. The 
use of a binary code implemented in the form of holes in the tungsten lid was suggested in order to 
carry the information about the cask. Introducing the tag just below the copper lid, the concept uses 
the gamma rays from the spent fuel itself, see Figure 2. Situated above a layer of cast iron, the 
tungsten plate will help to attenuate the gamma rays further.  

 

FIG. 2. Intended set-up of the measurement system.  
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Where holes exist in the tungsten, the gamma rays will be collimated so that it is possible to record a 
pattern created by the presence of the holes in tungsten by a gamma detector array. A pattern is formed 
making it possible to read the binary code drilled in the tag, thus linking the contents of the cask with 
the information in the database. Due to the relatively short half-life of the Cs isotopes (the main 
contributors to the total gamma emission) in spent fuel, this information will be readable for centuries. 
It is still possible to use an active version of the tag by employing an artificial combination of 
radioisotopes with longer half-lives that will provide readability for thousands of years [3,4,11]. 

Originally, two materials (tungsten and lead) were considered as possible tag materials. The tungsten 
slab was chosen after a preliminary study. The attenuation properties of tungsten are superior to those 
of lead. For 500 keV gamma rays the attenuation coefficient is 1,7 cm-1 for lead as compared to 2,14 
cm-1 for tungsten [12]. Tungsten has also a lower toxicity and higher damage resistance than lead. 
Furthermore, tungsten has good corrosion resistance, e. g.  a tungsten alloy consisting of 93% W, 4,5% 
Ni, 1% Fe and 1,5% Co has the lowest corrosion rate of all tungsten alloys [13].  

This passive version of tagging uses the radiation of the spent fuel itself, depending on the burn-up and 
cooling time of the spent fuel. The typical spent fuel emission intensity will be of the order of 3·1014 

photons/s/assembly (this corresponds to a BWR fuel assembly with 37,8 MWd/kgU burn-up at 
discharge, after 4092 days of operation) [14]. These conditions are good enough for the passive tag to 
operate. 

For redundancy, the tungsten tag could be marked with a few (2-4) identical codes. This ensures that 
even if the cask is not fully loaded with spent fuel assemblies, there will still be a possibility to read 
the tag.  

One extra possibility is to read the tag with an ultrasonic method. In this paper this is only suggested 
and further studies have to be done in order to establish the feasibility of this part of the project [11]. 

3. Simulation and experimental set-up 

First, MCNPX [15] simulations were performed in the real-like geometry of the cask, shown in Figure 
3.  

 

FIG 3. Schematic drawing of the configuration of the simulation set-up of spent fuel copper canister. 
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An MCNPX model of copper canister was based on the drawings presented in a technical report of 
Svensk Kärnbränslehantering AB (SKB) [16]. 

The main goal of these simulations was to optimize the tungsten tag, i.e. to choose thickness of the tag, 
minimum diameter of holes and minimum distance between holes so that it was possible to read the 
six fundamental combinations of the tag (see Figure 4).  

 

FIG 4. Six fundamental combinations of the tag and a simple version of an implementation of a unique 
canister code by using a binary number concept. 

A spent nuclear fuel spectrum was modeled as being identical to the one discussed in [17]. For reading 
the radiation signatures of the tag we used a set of 1 cm by 1 cm cubic BC-420 scintillators inserted in 
a lead collimator of 1 cm thickness to avoid a coupling between the crystals. 

For an experimental concept-proof study a D76 x 76 mm liquid EJ-309 scintillation detector was used 
in a setup shown in Figure 5. Lead bricks surrounded the experimental set-up in order to decrease the 
effect of radiation background and scattered radiation. Dimensions of the copper lid, cast iron and an 
optimized tungsten tag were as shown in Figure 5.  

At the same time, in order to ensure the correctness of experimental results, the same evaluation was 
performed numerically in the same geometry (Figure 5). 

 

 

FIG 5. Photo (l.h.s.) and schematic drawing (r.h.s.) of the configuration of the experimental and 
numerical set-up.  
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In order to model the conditions in a realistic way, two radioisotope sources, 137Cs (600 kBq)  and 60Co 
(2800 kBq), were placed together below a layer of cast iron. As a first step of experimental evaluation, 
the background was measured a few times and later on subtracted from the measurements, which 
corresponded to hole/non-hole positions in the tag. The electronics and specific settings used in 
experiment are described in [11].  

4. Results and discussion 

As a result of first optimization studies it was found that assuming a 2 cm thickness of the tungsten 
tag, the minimum diameter of the holes should be set to five millimeters and distance between 
positions (holes/non-holes) to four centimeters. With this geometry of the tag it is possible to 
discriminate between six fundamental combinations of the tag by using the total count rate 
measurements, as shown in Figure 6 below.  

 

FIG 6. Passive tag in the geometry of the real-like cask (simulations, six scenarios shown l.h.s).  

As shown in Figure 6, the difference between total count rates recorded in positions of the holes and 
non-hole positions constitute a factor of two. Increasing the distance between the holes and slightly 
changing the diameter of the holes may raise this factor. However, it will lead to limitations either to 
the number of the identical codes used in one tag (for redundancy) or to the number of identifiers. 

 

FIG 7 Passive tag in the geometry of an experimental setup (measurements and simulations, one 
scenario as shown l.h.s.).  
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The results of experimental tests of the tag (one scenario l.h.s.) shown in Figure 7 (r.h.s.) indicate that 
the difference between total count rates recorded in positions of the holes and non-hole positions 
constitute 35%. This is slightly different from the numerical predictions shown in Figure 7 (middle) 
where the situation is more optimistic. This of course partly depends on the fact that the activity of the 
source used was approximately nine orders of magnitude lower than we expect in the conditions of the 
real cask. 

Overall, both numerical and experimental (valid for experimental setup) results demonstrate that the 
pattern created by the presence of the holes in the tungsten lid placed inside the cask between the 
copper lid and cast iron lid can be recorded by a gamma detector array from outside. Thus, a unique 
identification of the cask is provided. 

5. Conclusion 

In this paper, we have described a method for keeping the continuity of knowledge for spent fuel 
canisters in a geological repository. The method uses a tungsten tag marked with a binary code that 
could be read using either passive radiation detection techniques or an active ultrasound reader. The 
feasibility of this concept has been demonstrated experimentally and by Monte Carlo methods. The 
results show that it is possible to read the code on the tungsten insert. Clearly, the concept has a high 
potential to facilitate keeping the continuity of knowledge of spent nuclear fuel in copper canisters that 
are to be put in a deep geological repository. The concept allows for keeping the information over a 
few thousand years without compromising the environmental safety aspect of the containers.   
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