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The emplacement system test bench: Figure 25 shows the arrangement of the transport 
and emplacement system as erected, in an underground emplacement drift mock-up. The 
general layout is designed to incorporate the various technical requirements and 
demonstration objectives. It shows the limited space available around the emplacement 
system with the transport cask in a docking position. 

This installation was essential for checking and testing in particular the relevancy and 
effectiveness of the various contingency remedial devices developed. Finally Figure 25 
shows the Demonstrator in its endurance testing configuration for which 100m of liner are 
installed (instead of only 40m as initially planned and presented in the Dossier 2005) to 
assess the potential for an extension of the disposal cell and also in order to assess more 
thoroughly the real operating time for a canister emplacement cycle.  

Furthermore this full length liner provided an opportunity to check how reliable the winch 
and its spooling system are and whether the anticipated air pressure loss is detrimental or 
not to the effective functioning of the Pushing Robot (motorized by a pneumatic motor). 

 

 

Figure 25: Conceptual view of the test configuration with the shuttle in a docking 
position inside the access drift mock-up 

 

2.2.5  Implementation of Full Scale Mock-up Tests 

Due to the lack of space available in the Bure URL, it was decided to perform the 
demonstration tests in a surface facility. For this purpose, a former workshop in Saint-
Chamond, in the vicinity of Saint-Etienne (Loire Department) was rented and partially 
revamped. This building provided the necessary lifting means and length to simulate the 
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emplacement process of a C type canister into a 100m long horizontal disposal cell mock-
up. The components of the emplacement system were locally assembled. 

After erection of the full test bench (Figure 26), the test campaign per se could take place. 
The test programme comprised performance tests and other tests to resolve operational 
breakdowns so that contingency plans were developed and implemented. Once all the test 
configurations were positively passed and solved, a total of approximately 500 hours of 
operations was carried out in order to obtain information on the reliability of the entire 
system and of each main component. 

 

 

Figure 26: General View of the Full Scale Horizontal Emplacement Demonstrator as 
set up in Saint-Chamond 

 

2.2.6  Summary and Analysis of the Main Achievements 

It can be stated that the development, the fabrication and the performance of demonstration 
tests of the Pushing Robot system at full scale was also a success. All the components were 
designed in detail. The fabrication of all the system components was completed as planned.  

After the individual main components were accepted during the FAT (Factory Acceptance 
Tests) during the months of April and May 2008, the components were delivered to the test 
site between June and mid August 2008. 
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Then, the complete test bench was assembled and erected in Saint-Chamond (near Saint-
Etienne) from July to September 2008.  

This was followed by the Site Acceptance tests (SAT) which lasted from October to 
November 2008 and then the demonstration and testing of the complete system. Finally the 
demonstration programme was prolonged by an endurance test campaign which lasted until 
the end of 2008. 

The whole system turned out to be very rugged and reliable. No mechanical failures or 
design flaws could be identified. All the performance requirements were met, including the 
pushing of 3 canisters at a time instead of one as initially programmed at the start-up of 
ESDRED Module 2. The capacity to emplace canisters over an extended length of 100m 
(instead off 40m as per the ANDRA reference concept) was also demonstrated.  

Only one piece of equipment (the upper part of the electrical screw jacks used for elevating 
the docking table) showed an abnormal wear (but no breakage occurred) when a 
dismantling of all the moving pieces took place for inspection and evaluation of the “wear 
factor”. This weak point (which does not put the disposal system in question) is still 
undergoing investigation at time of writing.  

2.2.7  Possible Improvements of the Design Developed 

Two important lessons learned are that the “weak points” of a machine are seldom those 
expected at time of design (in the present case, the anticipated wear was focused on the 
Pushing Robot components, which showed virtually no wear at all) and that endurance 
testing is mandatory. 

Outside the ESDRED programme, ANDRA decided to run, in January 2009, an additional 
test configuration called the “S type curve” test, in which an exaggerated theoretical shape 
of a TBM (Tunnel Boring Machine) bore hole trajectory is simulated, such that the axis of 
the excavated (drilled) bore hole is not straight but curved. 

This additional test is illustrated below in Figure 23. The results obtained were also quite 
satisfactory and showed that the system can cope with the potential geometrical defects of a 
bored disposal cell. These defects can be created during the boring process or later on due 
to geotechnical phenomena (stresses or movement of the rock) capable of bending the 
disposal cell steel casing/liner inside which the canisters are later emplaced. The only 
noticeable difference during the testing was an increase of the pushing force needed to 
move the canisters forward, but this increase was not detrimental to an effective and smooth 
emplacement process. 

A further improvement (also outside of ESDRED) is also envisaged. In the year to come, 
i.e. after erection and start-up of the test bench at the CTe (showroom), a new type of 
ceramic sliding runner will be tested (their shape has been slightly modified, with a lower 
rugosity coefficient). The new ceramic runners would be made of zircon instead of alumina, 
which should make it possible to reduce the friction coefficient (hence the pushing force 
exerted on the canister by the Pushing Robot) by at least 20%. 
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Figure 27: View the Horizontal Emplacement Demonstrator in the S type 
Configuration 
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2.3 Retrievability Desk Study (NRG) 

2.3.1 Framework 

The emplacement of radioactive waste in a geological disposal facility is generally 
considered without any intent for retrieval. However, the issue of retrievability1 is 
increasingly looked upon as important for enhancing confidence amongst stakeholder 
groups as well as to increase the level of flexibility and, thus, the ability to respond to 
changes in technical information and policy factors. Besides the normal control and 
surveillance of the disposal operation, the concept of retrievability requires the possibility 
for reversal of operational steps if desired. Such reversal of operational steps can only be 
ensured if specific technological measures (e.g. the construction of disposal cells from 
which waste packages can safely be recovered) are already implemented in the design of 
the repository. 

One of the topics of the ESDRED project concerned the assessment of existing geological 
disposal concepts from the perspective of retrievability and reversibility2. This assessment 
is performed in the “Retrievability Desk Study” (Work Package 4 of ESDRED’s module 2), 
which comprises the following two tasks as established in the third technical module 
meeting: 

1. Performing a review of retrievability measures in the current disposal concepts of the 
countries participating in ESDRED; 

2. Performing two specific retrievability case studies that represent the two main 
disposal concepts within ESDRED’s module 2: the German vertical (borehole) 
concept (as described in Section 2.1) and the French horizontal (disposal cell) concept 
(as is illustrated in more detail in Section 2.2). 

 

2.3.2 Objective and scope 

Since the retrieval of radioactive waste from a geological repository includes many aspects, 
the objectives of the desk study had to be defined more explicitly. Based on the objectives 
of ESDRED it was decided during the third technical module meeting to exclude non-
technical issues like political, economical, social and ethical aspects. In addition, the desk 
study should comply with the time frame of the ESDRED project. Hence, it was decided to 
confine the review to the operational phase of the repository in which possibly some design 
base accidents (as a result of earthquakes, water intrusion, etc.) might be taken into account. 

The potential retrievability measures in the studied disposal concepts have been evaluated 
along the three basic conditions, which determine the extent of retrievability provided by a 
particular disposal system, being: 

•  Accessibility of waste packages; 
                                                 
1  Retrievability is the ability provided by the repository system to retrieve the waste packages for whatever 

reason retrieval might be wanted for (EUR 19145). 
2  Reversibility is the ability of a repository system to allow the reversal of the steps in its development for 

whatever reason (EUR 19145). 
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•  Confinement of the waste in the waste packages; and 

•  Technical feasibility of retrieving the waste packages. 

On this basis the ESDRED retrievability desk study has focused on the retrieval of waste 
packages (accessibility) as well as on the availability of equipment and the constraints for 
retrieval induced by the ambient environment (technical feasibility). In view of the small 
time window to be considered within ESDRED (only the operational phase) confinement of 
the waste (i.e. the integrity of the waste packages) is not likely to be a relevant issue, so this 
aspect got less attention in the study. 

 

2.3.3 Task 1: Review current disposal concepts 

Work approach 

The approach to Task 1 of the review was to seek information from each of the partner 
organisations on their current national disposal concepts from the perspective of 
retrievability. Rather than doing this by means of a questionnaire, NRG had documented, as 
a first step, its understanding of the different national positions, using the information 
provided for each country in the European Commission Reports EUR 19145 (“Concerted 
action on the retrievability of long-lived radioactive waste in deep underground 
repositories”) and EUR 21025 (“Thematic network on the role of monitoring in a phased 
approach to geological disposal of radioactive waste”). The NRG summary document was 
then provided to each of the participants. 

Each participating organisation was requested: 

• to update or correct the information for their own country in terms of current policy and 
the current national strategy concerning retrievability;  

• to add any pertinent comments; and 

• to provide references to relevant published documents setting out the national policy 
and strategy. 

Findings 

A comparison of the disposal concepts relevant to ESDRED showed that there exist a wide 
range of national requirements concerning the extent to which the development of a waste 
disposal facility should be reversible prior to closure. For example, France has a policy 
requirement that each step of a repository development process, up to emplacement of the 
waste, is easily reversible. In contrast, Germany currently has no requirement concerning 
reversibility or waste retrievability in the context of any future geological disposal. Within 
this spectrum, most national disposal concepts aim to show that waste could be retrieved 
during the operational period of a repository, if so desired in future for whatever reason, 
though only limited provisions are intentionally incorporated in the design to facilitate easy 
retrieval of the waste. 

Potential design measures that enhance retrievability of waste prior to repository closure are 
primarily aimed at providing easier accessibility to the waste packages (1), particularly in 
clay and salt host environments, and/or providing an improved capability to retrieve the 
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waste packages (2). Potential design measures in the first category include enhancing the 
stability of openings (e.g. by incorporating concrete or steel liners) and, in the second 
category, provision of easily removable buffer materials (e.g. in the form of pre-fabricated 
bentonite blocks). 

In most disposal concepts relevant to ESDRED these issues are still under consideration 
and definite positions may not be reached until countries are much closer to starting the 
development phase. Likewise, operational and monitoring strategies are still under 
development. For some disposal concepts, this may mean that access ways will remain 
open for perhaps several decades whilst greater levels of confidence in the disposal concept 
are achieved, e.g. as a result of ongoing monitoring of the disposal system. For other 
concepts, it is likely that intensive monitoring activities will be focused on a special facility 
with closure of accesses to the main facility taking place relatively sooner, on the basis that 
the risk of neglect or even from deliberate intrusion is thereby significantly reduced. 

The findings of the review were recorded in a public ESDRED Memorandum published on 
30 May 2005 and subsequently put on the ESDRED web site (www.esdred.info). 

 

2.3.4 Task 2: Specific retrievability case studies 

Work approach 

As part of task 2, retrievability case studies were performed on the (conceptual) disposal 
concepts within ESDRED’s module 2, viz. the French horizontal emplacement technique 
(Section 2.2) and the German vertical borehole disposal concept (Section 2.1). 

Because of the advanced status of the French horizontal disposal design with respect to the 
incorporation of the concept of retrievability, it was decided that the retrievability desk 
study for the French disposal technique would take the form of a peer review. The safety 
concept of the German vertical disposal concept is based upon a rapid and permanent 
isolation of the emplaced waste by the host rock itself. Hence, it was decided that the 
retrievability desk study for the German disposal technique would focus on generating 
potentially technically feasible ideas for retrieval of what are effectively considered to be 
non–retrievable waste packages once they are emplaced. 

Findings 

Deliverable 4 of module 2 (Mod2-WP4-D43) describes in detail the peer review carried out 
for the French horizontal disposal concept, focusing on the so-called C-type waste (vitrified 
reprocessing waste). First the interpretation of the retrievability concept is compared to the 
present state of the art, after which in subsequent sections the details with respect to 
construction, normal operation and closure of the design facility as well as the possible 
retrieval operations at different stages in the repository development are reviewed, 
including safety considerations. The case study concludes with an overview of the results of 
the peer review. 

                                                 
3  ESDRED’s Deliverable 4 of Module 2 Retrievability Desk Study (Mod2-WP4-D4) has a dissemination 

level restricted to a group specified by the ESDRED partners. 
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The peer review conducted for ANDRA’s design of a repository for retrievable disposal of 
radioactive waste has shown that in general the design agrees quite well with the present 
state of the art concerning the retrievability concept. In all stages of repository development 
the three basic retrievability conditions, mentioned in Section 2.3.2, have been observed 
extensively. The review led also to a number of detailed comments that can be dealt with in 
due course without serious implications 

Report Mod2-WP4-D4 describes also in detail the review carried out for the German 
vertical concept for geological disposal in rock salt, focusing on the emplacement of BSK-3 
canisters (spent fuel). In subsequent sections, details are provided with respect to the 
construction, normal operation and closure of the repository as well as some technical 
feasible ideas for retrieval operations at different stages in the repository development, 
including safety considerations. 

The assessment conducted for the German design of a repository for disposal of radioactive 
waste in deep vertical boreholes has shown that in general the design agrees well with 
present state of the art concerning geological disposal. The review led also to some detailed 
comments with respect to the construction of a deep geological repository in salt, the 
emplacement operations, and the topic of retrievability of waste packages. In most cases 
these comments can be dealt with in due course without serious implications for the 
German borehole concept. 

 

2.3.5 Conclusions 

A comparison of the disposal concepts relevant to ESDRED (performed as Task 1 of the 
Retrievability Desk Study) showed that there exists today a wide range of national 
requirements concerning the extent to which the development of a waste disposal facility 
should be reversible prior to closure. For example, France now has a law which says that a 
repository must be shown to be reversible for at least 100 years before an operating licence 
can be granted. By way of contrast, Germany currently has no requirement concerning 
reversibility or waste retrievability in the context of any future geological disposal. Within 
this broad spectrum, most national disposal concepts aim to show that waste could be 
retrieved during the operational period of a repository, if so desired in the future for 
whatever reason, though only limited provisions are intentionally incorporated in the design 
to facilitate easy retrieval of the waste. 

The peer review conducted for the French design of a repository for retrievable disposal of 
radioactive waste (denoted as Task 2 of the retrievability desk study) has shown that in 
general the design agrees quite well with the present state of the art concerning the 
retrievability concept. In all stages of repository development the three basic retrievability 
conditions (noted in Section 2.3.2) have been observed extensively. The review led also to a 
number of very specific comments that can be dealt with in due course without serious 
implications. 

The assessment conducted for the German repository design for disposal of radioactive 
waste in deep vertical boreholes (also part of Task 2 of the retrievability desk study) has 
shown that in general the design agrees well with the present state of the art concerning 
geological disposal. This assessment also led to some very specific comments with respect 
to the construction of a deep geological repository in rock salt, the emplacement operations, 
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and the topic of retrievability of waste packages. Here too most of the comments on this 
design can be dealt with in due course without serious implications for the German 
borehole concept. 
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3 SUMMARY AND CONCLUSIONS 

3.1 Conclusions Related to the Testing of the BSK 3 Emplacement 
System (DBE TECHNOLOGY) 

It can be stated that the development, the fabrication and the performance of demonstration 
tests of the BSK 3 emplacement system was a success. All the components have been 
designed in detail, the drawings and reports evaluated by external experts confirming the 
compliance with the regulatory requirements of the German Mining Regulations and 
Atomic Energy Act. The components were fabricated on a full-scale basis between summer 
2007 and spring 2008. The construction work to prepare a suitable test platform was 
successfully accomplished by April 2008. The individual components (mining locomotive, 
transport cart, BSK 3 dummy, transfer cask, emplacement device and borehole lock) were 
delivered to the test site between April and June 2008. After the individual components had 
been accepted on site (SAT), the demonstration programme - performed in two shifts 
because of unforeseen delays in fabrication and installation of the emplacement device - 
was started in August 2008 and lasted until the end of the project. However, the reliability 
of the emplacement system was confirmed by means of a large number of demonstration 
tests (several hundreds of cycles) and conclusions and recommendations were drawn for the 
industrial application in a real repository. 

The successful demonstration programme led to the decision not to dismantle the entire 
transport and emplacement system after the end of the ESDRED project but to use the 
system for a second type of waste canister. The idea is to investigate as well its reliability 
for handling and emplacing so-called triple-packs of HLW-canisters instead of a BSK 3 
canister. Accordingly additional demonstration tests will be performed in the spring of 2009 
outside the scope of the ESDRED project. In this case three (3) canister dummies will be 
encapsulated by a thin steel wall envelope thus providing geometry and mass similar to the 
BSK 3 canister. This encapsulation is the prerequisite for the emplacement process with the 
same transport and emplacement system already successfully tested for the BSK 3 
canisters. 

One lesson learned during the fabrication of the different components of the BSK 3 
emplacement system was that there is a need to control and/or monitor all steps of a 
component fabrication process on an ongoing basis in spite of having very precisely 
formulated the technical specifications and having produced precise drawings. 

3.2 Conclusions Related to the Tests of the Pushing Robot System for C 
Type Canister Emplacement (ANDRA) 

It can be stated that the development, the fabrication and the performance of demonstration 
tests of the Pushing Robot system for C type canister emplacement was also a success. All 
the components were designed in detail. The fabrication of all the system components was 
completed as planned. After the individual main components had been accepted during the 
FAT (Factory Acceptance Tests), the complete test bench was assembled and erected in 
Saint-Chamond (near Saint-Etienne). This was followed by the Site Acceptance tests (SAT) 
and the demonstration and testing of the complete system. The demonstration programme 
was prolonged by an endurance test campaign which also proved satisfactory. 
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The whole system turned out to be very rugged and reliable. No mechanical failures or 
design flaws could be identified. All the performance requirements were met, including the 
pushing of 3 canisters at a time instead of one as initially programmed at the start-up of 
ESDRED Module 2. Only one piece of equipment (the upper part of the electrical screw 
jacks used for elevating the docking table) showed an abnormal wear (but no breakage 
occurred) when a dismantling of all the moving pieces took place for inspection and 
evaluation of the “wear factor”. This weak point (which does not put the disposal system in 
question) is still undergoing investigation at time of writing. 

Two important lessons learned are that the weak points of a machine are seldom those 
expected (in the present case, the anticipated wear was focused on the Pushing Robot 
components, which showed virtually no wear at all) and that endurance testing is 
mandatory. 

Outside the ESDRED programme, ANDRA decided to run in January 2009 an additional 
test configuration called the “S type curve” test, in which an exaggerated theoretical shape 
of a TBM (Tunnel Boring Machine) bore hole trajectory is simulated such that the axis of 
the excavated (drilled) bore hole is not straight but curved. The results obtained were also 
quite satisfactory and showed that the system can cope with the potential geometrical 
defects of a bored disposal cell. These defects can be created during the boring process or 
later on due to geotechnical phenomena (stresses or movement of the rock) capable of 
bending the cell steel casing/liner inside which the canisters are later emplaced). The only 
noticeable difference during the testing was an increase of the pushing force needed to 
move the canisters forward, but this increase was not detrimental to an effective and smooth 
emplacement process. 

A further improvement (also outside of ESDRED) is now also envisaged. In the year to 
come, i.e. after erection and start-up of the test bench at the CTe (showroom), a new type of 
ceramic sliding runner will be tested (their shape has been slightly modified, with a lower 
rugosity coefficient). The new ceramic runners will be made of zircon instead of alumina, 
which should make it possible to reduce the friction coefficient (hence the pushing force 
exerted on the canister by the Pushing Robot) by at least 20%. 

 

3.3 Conclusions Related to the Retrievability Case Studies (NRG) 

A comparison of the disposal concepts relevant to ESDRED (performed as Task 1 of the 
Retrievability Desk Study) showed that there exists today a wide range of national 
requirements concerning the extent to which the development of a waste disposal facility 
should be reversible prior to closure. For example, France now has a law which says that a 
repository must be shown to be reversible for at least 100 years before an operating licence 
can be granted. By way of contrast, Germany currently has no requirement concerning 
reversibility or waste retrievability in the context of any future geological disposal. Within 
this broad spectrum, most national disposal concepts aim to show that waste could be 
retrieved during the operational period of a repository, if so desired in the future for 
whatever reason, though only limited provisions are intentionally incorporated in the design 
to facilitate easy retrieval of the waste. 

The peer review conducted for the French design of a repository for retrievable disposal of 
radioactive waste (denoted as Task 2 of the retrievability desk study) has shown that in 
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general the design agrees quite well with the present state of the art concerning the 
retrievability concept. In all stages of repository development the three basic retrievability 
conditions (noted in Section 2.3.2) have been observed extensively. The review led also to a 
number of very specific comments that can be dealt with in due course without serious 
implications. 

The assessment conducted for the German repository design for disposal of radioactive 
waste in deep vertical boreholes (also part of Task 2 of the retrievability desk study) has 
shown that in general the design agrees well with the present state of the art concerning 
geological disposal. This assessment also led to some very specific comments with respect 
to the construction of a deep geological repository in rock salt, the emplacement operations, 
and the topic of retrievability of waste packages. Here too most of the comments on this 
design can be dealt with in due course without serious implications for the German 
borehole concept. 
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ANNEX 1: LIST OF ORGANISATIONS & PEOPLE WHO 
PARTICIPATED IN ESDRED MODULE 2 

 

The following organisations were engaged in the Research & Development work carried 
out within the frame of ESDRED Project Module 2: 

 ANDRA, France, 
 NRG, The Netherlands,  
 DBE TECHNOLOGY, Germany. Furthermore, DBE TECHNOLOGY acted as 

Module 2 Leader. 

The main subcontractors involved in the design, manufacturing and testing of the concerned 
demonstrators were: 

 MUSTHANE (France) & CEGELEC (France) for the ANDRA related activities, 
 SIEMAG, GNS, Schalker Eisenhütte, Ammersbach (Germany) for the DBE-

TECHNOLOGY related activities, 
 NRG worked only in house for its expert review tasks related to reversibility. 

 
The following persons participated in ESDRED Module 2: 

Company Name First Name 

ANDRA BOSGIRAUD Jean-Michel 

ANDRA GUENIN Jean-Jacques 

ANDRA SEIDLER Wolf 

DBE TECHNOLOGY BOLLINGERFEHR (Note 1) Wilhelm 

DBE TECHNOLOGY FILBERT Wolfgang 

DBE TECHNOLOGY WEHRMANN Jobst 

DBE TECHNOLOGY NIEHUES Norman 

NRG HAVERKATE Benno 

NRG HART Jap 

NRG POLEY Arjen 

NRG O’SULLIVAN Patrick 

Note 1: Wilhelm BOLLINGERFEHR also acted as Module 2 Leader Representative 
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ANNEX 2: LIST OF MODULE 2 DELIVERABLES COMPLETE WITH 
DISSEMINATION LEVEL 

Reference Title Date Dissemination 
Level 

WP1: Input Data and Functional Requirements 

Mod2-WP1-D1.1 “Input Data and Functional Requirements” 23/05/2007 
(Rev.1) PU 

WP2.1: Conceptual Design 

Mod2-WP2.1-D2 “Conceptual Design” 14/10/2005 RE 

WP2.2: Prototype Test for Spent Fuel Canister 

Mod2-WP2.2-D9 “Report on Pushing Robot Prototype Test” 10/03/2006 RE 

WP3: Basic Design  

Mod2-WP3-D3.1 “Basic Design - Vertical Emplacement” 31/07/2006 CO 

Mod2-WP3-D3.2 “Basic Design - Horizontal Emplacement” 30/01/2008 CO 

WP4: “Retrievability Desk Study” 

Mod2-WP4-D4 “Retrievability Desk Study” 25/05/2007 RE 

WP5: Detail Design 

Mod2-WP5-D5.1 Detail Design (Vertical concept) 08/05/2008 CO 

Mod2-WP5-D5.2 Detail Design (Horizontal concept) 14/10/2008 CO 

WP6: Full Scale Demonstration 

Mod2-WP6-D6 “Commissioning Report” F 20/02/2009 CO 

Mod2-WP6-D7 “Report on Emplacement tests” F 06/03/2009 CO 

WP7: Evaluation & Final Report 

Mod2-WP7-D8 “Final Report & Evaluation” Date of this 
Report PU 

 

Dissemination Level: PU: Public / RE: Restricted / CO: Confidential 
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ANNEX 3: LIST OF ESDRED FINAL REPORTS 

 

Reference Title Dissemination 
Level 

Mod1-WP6-D6 Module 1 (Buffer Construction Technology) Final Report PU 

Mod2-WP7-D8 Module 2 (Waste Canister Transfer & Emplacement 
Technology) Evaluation and Final Report 

PU 

Mod3-WP5-D6 Module 3 (Heavy Load Emplacement Technology) 
Evaluation and Final Report 

PU 

Mod4-WP4-D9 Module 4 (Temporary Sealing Technology) Evaluation and 
Final Report 

PU 

Mod5-WP5-D11 Final Report on Communication Actions PU 

Mod5-WP9-D12 Leaflet on ESDRED Results PU 

Mod6-WP4-D6 Final Summary Report PU 

 

Dissemination Level: PU: Public / RE: Restricted / CO: Confidential 
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ANNEX 4: LIST OF ACRONYMS 

 

ABBREVIATION MEANING 

µSv Micro-sievert 

ALARA As Low As Reasonably Achievable 

BH Borehole 

BSK 3 German thin walled fuel rod canister (Brennstabkokille 3) 

BWR  Boiling Water Reactor 

C  Waste Canister Containing High Level Vitrified Waste (ANDRA) 

CU Spent Fuel Canister (ANDRA) 

CU1  SF Waste Canister Containing 4 Spent Fuel Rods (ANDRA) 

CU2 SF Waste Canister Containing 1 Spent Fuel Rod (ANDRA) 

D1 Deliverable 1 

EB  Engineered Barrier 

EBS Engineered Barrier System 

EIA  Environmental Impact Assessment 

ESDRED Engineering Studies and Demonstrations of Repository Designs 

GNB Gesellschaft für Nuklearbehälter mbH now part of GNS - Company 
for Nuclear Service Ltd. 

HLW High Level Waste 

HRL  Hard Rock Laboratory 

ICRP  International Commission of Radiation Protection 

ID Inside Diameter 

ILW  Intermediate Level Waste (synonym for MLW) 

IPC Integrated Project Coordinator 

KBS-3H SKB/POSIVA Horizontal Disposal Concept (ESDRED Reference) 

KBS-3V SKB/POSIVA Vertical Disposal Concept (National Reference) 

KTA  German Nuclear Safety Standards Commission  
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ABBREVIATION MEANING 

LILW  Low and Intermediate Level Waste 

LL  Long Lived 

LT Long Term 

LWR German equivalent of PWR or Pressurized Water Reactor 

MLW Medium Level Waste 

Mod1 Module 1 

MPa  Mega Pascal 

mSv Milli-Sievert 

N/A Not Applicable 

NPP Nuclear Power Plant 

O/N ONDRAF/NIRAS 

OD Outside Diameter 

OPC Ordinary Portland Cement 

pH Unit of measure for acidity and alkalinity of a material 

Pkg Package 

PWR  Pressurized Water Reactor 

QA Quality Assurance 

QC Quality Control 

RB Rock Bolt 

Rc  Resistance to compression 

RFP  Request for Proposal 

SF Spent Fuel 

SL  Short Lived 

Sv Sievert 

U/G Underground 

UCS Unconfined Compressive Strength 
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ABBREVIATION MEANING 

URL Underground Research Laboratory 

UVP  German for “Environmental Impact Assessment” 

Vw Vitrified (High Level) Waste 

VHLW Vitrified High Level Waste 

WPi Work Package i 
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ANNEX 5: GLOSSARY 

 

WORD Per 
IAEA 

DEFINITION 

ALARA yes An optimisation process for determining what level of protection and 
safety makes exposures, and the probability and magnitude of potential 
exposures, “as low as reasonably achievable, economic and social 
factors being taken into account”. 

Backfill yes The material used to refill excavated portions of a repository (drifts, 
disposal rooms or boreholes) during and after waste has been emplaced 

Barrier yes A physical obstruction that prevents or delays the movement of radio 
nuclides or other material between components of a system, for 
example a waste repository. In general a barrier can be an engineered 
barrier (see EBS below) or a natural or geological barrier. 

Behind  away from the dead end of a disposal cell/drift 

Bentonite yes A soft light colored clay formed by chemical alteration of volcanic ash. 
It is composed essentially of montmorillonite and related minerals of 
the smectite group. Bentonite is used as backfill and buffer material in 
repositories. 

Buffer yes Any substance placed around a waste package in a repository to serve 
as an additional barrier to: stabilize the surrounding environment; 
restrict the access of groundwater to the waste package; and reduce by 
sorption the rate of eventual radionuclide migration from the waste 

Canister  See « waste container » 

Cask yes A vessel for the transport and/or storage of spent fuel and other 
radioactive materials. The cask serves several functions. It provides 
chemical, mechanical, thermal and radiological protection, and 
dissipates decay heat during handling, transport and storage. 

Clay  Within ESDRED this refers to indurated clay in the form of clay stones 
and argillites. Clays differ greatly mineralogically and chemically but 
ordinarily their base is hydrous aluminum silicate. NB: “Swelling 
clays” refers to specific types of clays used in EBS (see “Bentonite”) 
and in seals.  

Conditioning yes Those operations that produce a waste package suitable for handling, 
transport, storage and/or disposal. Conditioning may include the 
conversion of the waste to a waste form, enclosure of the waste in 
canisters, and, if necessary, providing an over pack. 
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WORD Per 
IAEA 

DEFINITION 

Criticality Per US 
Nuclear 

Regulator
y 

Commissi
on 

A term used in reactor physics to describe the state when the number of 
neutrons released by fission is exactly balanced by the neutrons being 
absorbed (by the fuel and poisons) and escaping the reactor core. A 
reactor is said to be "critical" when it achieves a self-sustaining nuclear 
chain reaction, as when the reactor is operating. In waste disposal 
designs the objective is to keep any fissile material in a sub-critical 
state so that any heat generated is due to natural decay only. 

Decline  An excavation, in rock, for providing access from surface to the 
underground. Also called a ramp or access ramp. Essentially an 
inclined tunnel. 

Demonstrator  A custom designed prototype piece of equipment built to prove a 
design concept and to show that it works; hence used to demonstrate. 

Disposal yes The emplacement of waste in an appropriate facility without the 
intention of retrieval i.e. permanently. 

Disposal Cell  Typically a short tunnel/drift/borehole excavated in an underground 
repository for the purpose of disposing packages of radioactive waste. 

Disposal Drift  Typically a long tunnel/drift excavated in an underground repository 
for the purpose of disposing packages of radioactive waste 

Disposal 
Package 

 The final Waste Package which is placed into a repository without 
further conditioning i.e. the Super-Container, the Primary Package with 
over pack or the Primary Package without over pack. 

Drift  A horizontal or nearly horizontal mined passageway 

EBS yes Engineered barrier system; the designed or engineered components of a 
repository including waste packages and other engineered barriers. See 
also definition of barrier above. 

EDZ  Excavation damage zone; used to describe the area surrounding a rock 
excavation which has been altered from its initial state usually by the 
formation of fractures or micro fissures. 

ESDRED 
Concept 

 This is a variation of the reference National Concept which is used 
within the ESDRED Project. Example: Sweden's national concept is 
"Vertical" however SKB's concept within ESDRED is horizontal 

Front, in front 
of 

 towards the dead end of a disposal cell/drift 

Functional 
Requirements 

 Generally refers to expected functions and associated levels of 
performance that must be met by one or several design elements. 
Within ESDRED, similar to flexible design criteria or flexible input 
data; generally refers to criteria or elements that are open to discussion 
and/or negotiation 
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WORD Per 
IAEA 

DEFINITION 

Gate  A type of radiation protection door installed on a cask as well as on the 
head of a disposal cell. 

Hoist  A machine, driven by an electric motor, used to raise or lower a 
conveyance in a shaft. 

HRL  Like a URL (see below) but located in hard crystalline rock. 

Implementer  The private corporation or public body responsible for constructing 
and operating a repository. 

Input Data   Within ESDRED, similar to fixed design criteria; generally refers to 
criteria or elements that are unavoidable and not open to discussion 
and/or negotiation 

Long Term   Generally intended to mean extending in time beyond the final closure 
of a repository 

Matrix  A non-radioactive material used to immobilize waste. Examples of 
matrices are bitumen, cement, various polymers and glass 

Matrix 
diffusion 

 Diffusion of solutes from a water-bearing fracture to pores and 
microfractures of the adjacent rock matrix and vice versa 

Overpack yes A secondary (or additional) outer container for one or more waste 
packages, used for handling, transport, storage or disposal. 

Plug  Sometimes used interchangeably with SEAL but not within ESDRED 
where it refers to a concrete mass that serves as a backstop or abutment 
to resist the pressures eventually exerted on a seal by the swelling 
buffers. 

Primary 
Package  

 A package of radioactive material as delivered by the producer; before 
conditioning, for disposal 

Ramp  See decline. 

Repository  A nuclear facility where waste is emplaced for disposal 

Repository 
system 

 The combination of the repository and the host rock 

Retrievability   The ability provided by the repository system, to retrieve waste 
packages for whatever reason retrieval might be wanted for. 

Reversibility  Implies a step wise disposal process and in particular refers to the 
ability of a repository system, for whatever reason, to reverse the steps 
that have been executed so far in its development. 

Safety Case yes An integrated collection of arguments and evidence to demonstrate the 
safety of a facility. This will normally also include a safety assessment. 
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WORD Per 
IAEA 

DEFINITION 

Salt  One of the 3 main host rocks being considered worldwide for the 
disposal of highly active waste materials. 

Seal yes Engineered barriers placed in passages within and leading to a 
repository to isolate the waste and to prevent seepage leakage of water 
into or radionuclide migration from the repository area. Sealing is 
performed as part of repository closure process. 

Shaft  A vertical access way, excavated in rock, used to connect the surface 
with one or more horizons underground. Typically outfitted with one 
or more hoist and one or more conveyances unless used exclusively for 
ventilation in which case it may be left bald. 

Shielding yes A material interposed between a source of radiation and persons, or 
equipment or other objects, in order to absorb radiation and thereby 
reduce radiation exposure. 

Shotcrete  Mortar or concrete pneumatically projected onto a surface at high 
velocity. 

Spent Fuel yes Nuclear fuel removed from a reactor following irradiation, which is no 
longer usable in its present form because of depletion of fissile material 
& build up of poison or radiation damage. 

Storage yes The holding of spent fuel of radioactive waste in a facility that 
provides for its containment, with the intention of retrieval. Storage is 
by definition an interim measure. 

Super-
Container 

 Generally seen as a disposal package that, unlike other disposal 
packages also incorporates bentonitic or cementitious buffer material. 

Transmutation yes The conversion of one element into another. Transmutation is under 
study as a means of converting longer lived radionuclides into shorter 
lived or stable radionuclides.  

Transuranic 
Waste 

 Alpha bearing waste that consists of material contaminated with 
elements that have atomic numbers greater than that of uranium (92), 
the heaviest natural element. 

URL yes Underground Research Laboratory constructed for the purpose of 
conducting in situ testing. The objective is to conduct tests in a 
geological environment that is essentially equivalent to the 
environment of a potential repository. 

Waste  Material in gaseous, liquid or solid form for which no further use is 
foreseen 
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WORD Per 
IAEA 

DEFINITION 

Waste 
Container  

yes The vessel into which the waste form is placed for handling, transport, 
storage and/or eventual disposal; also the outer barrier protecting the 
waste from external intrusions. The waste container is a component of 
the waste package. For example, the “canister” into which molten 
HLW glass would be poured. 

Waste form  Waste in its physical and chemical form after treatment and/or 
conditioning (resulting in a solid product) prior to packaging. The 
waste form is a component of the waste package 

Waste 
Package 

yes The product of conditioning that includes the waste form and any 
container(s) and internal barriers (e.g. absorbing materials and Liners), 
prepared in accordance with the requirements for handling, transport, 
storage and/or disposal. 

Wireless 
Monitoring 

 System for monitoring phenomenology in front of a seal or plug 
without installing cables or wires through any of the barriers intended 
to isolate one or more disposal packages 

 

 




