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Figure 14: ANDRA - Set-up of the CU1 canister emplacement system at Mécachimie’s

premises in Beaumont-Hague, France

The complete test bench was composed of the following main parts:

e a supporting frame equipped with adjustable feet for simulating the geometrical
defaults likely to be encountered in a real disposal cell underground or/and the
steps/misalignment between the docked shielding cask and the disposal cell mouth;

e a polycarbonate tube (for viewing during demonstrations) with stainless steel
sliding track sections fixed to the full length of its invert. These sections have two
(2) guide rails welded to the upper surface of the sliding track. When the SF
canister is set down onto the rails, there is enough clearance between the bottom of
the canister and the top of the sliding track so that once the air cushions are
deflated the slide plate attached to the electrical cart can be advanced or retracted,
i.e. the cradle and sliding plate can be moved separately from the SF canister. The
rails also act as a guide for the slide plate and air cushion cradle, which follow the
path of the SF canister to its final destination. The ID of the polycarbonate tube is
similar to the diameter of the inner steel sleeve in a real disposal cell;

e two (2) gamma gates: one attached to the cell mouth and one attached to the
shielding cask. The shielding cask gate is motorized and it moves the passive cell
mouth gate;

e an electrical cart (the deposition machine) equipped with a radioprotection shield
and an electrical pushing jack for advancing the SC in 1 m increments (see Figure
15);

e aslide plate attached to the body of the electrical cart;
e an air cushion cradle attached to the pushing jack;
e acontrol & monitoring console (see Figure 15)

e a 43 ton dummy canister (5.4 m long) whose centre of gravity could be adjusted
longitudinally and radially.
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Figure 15: Details of electrical pushing jack connected to the spent fuel canister (left)
and Control & Monitoring Console (right)

The primary objectives and challenges in this test programme were as follows:

e to show that the emplacement equipment could meet or exceed all the specified
technical performances, including the successive emplacement (and subsequent
retrieval) of the dummy canister in automatic mode, inside the polycarbonate/steel
tube , the automatic closing and opening of the gamma gates and finally the
specified average travel speed over a complete emplacement cycle;

e to demonstrate that the emplacement equipment could pass over obstacles such as
the recesses in the door frames created by the shielding gates or over the
discontinuities between two (2) consecutive sections of guide rails. For this
purpose, the use of a sliding plate could not be avoided;

e to evaluate the sensitivity of the system to the various construction defaults (steps,
misalignments, etc) likely to be encountered underground and to any off-centre
(radial or longitudinal) location of the centre of gravity of the dummy canister;

e to identify the weak points of the system likely to require some re-engineering
and/or retrofitting in the real industrial application;

e to identify some potential improvements (mainly in terms of ruggedness and
performance.

The tests executed during the FAT & SAT were recorded. What follows is a condensed
overview of the results with reference to the main functional requirements as well as other
observations noted during the tests.

The commissioning of the emplacement system took place during the months of May and
June 2006. PLC programming was a large part of the work during that period. The main
difficulties encountered during this commissioning period (and their solutions) are listed
below:

e the friction coefficient between the lower face of the slide plate and the steel invert

(sliding track) of the polycarbonate tube turned out to be bigger than anticipated.

Consequently, the pushing force, which had to be exerted by the electrical cart’s

pushing jack, exceeded the capacity of that jack. This problem was solved by

attaching a Teflon sheet onto the lower face of the slide plate;
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e at the end of each 1 m stroke of the pushing jack (moving the air cushion cradle
over the slide plate), the air cushions had to be deflated to lower and place the
canister on the sliding track rails. Subsequently, the sliding plate was advanced by
another 1 m. The time needed for deflating and purging the air from the air cushion
system turned out to be too long. Consequently, the cycle time specified could not
be achieved. This problem was solved by the installation of a quick relief (purge)
valve;

e the compressed air feeding the air cushions carried considerable moisture. This
resulted in the formation of condensation within the air cushions following the
quick pressure drop. As a result, the rubber part of the air cushion tended to
separate from its steel supporting plate. Replacement cushions were glued with a
water resistant compound and the problem was solved,;

e the presence of moisture in the air also impacted the operation of the flow control
system. A regular purging of the electro-valves turned out to be necessary on a
regular basis, i.e. at the end of every emplacement cycle. Later, a dessicator was
added to the air system;

e as originally designed, the air cushions could raise the air cushion cradle higher
than the top of the guide rails inducing a tendency for derailing the system. This
problem was solved by increasing the height of the guide rails by adding a 5 mm
band spacer underneath the rail,

e the air cushions also turned out to be quite sensitive to individual load variations.
This phenomenon appeared mainly when simulating the longitudinal imbalance of
the SF canister. In the most critical simulation tested (combination of longitudinal
imbalance together with a change of inclination of a tube section), the canister
could not be moved.

Note: The results obtained after the test campaign and the subsequent critical analysis of
the machine developed are detailed in a specific report [4].

2.2.6 Summary and Analysis of main achievements

Despite the issues noted above, the test programme turned out to be a complete success.
The specified emplacement performances were exceeded as the average emplacement
speed over one complete cycle was found to be 1.8 m per minute (m/min) versus the 1.2
m/min specified. In addition, the SF canister emplacement process turned out to be very
smooth, without shocks. The stability of the canister on the cradle was maintained even in
the case of radial load unbalance or of geometrical defaults in the polycarbonate/steel
sleeve.

2.2.7 Possible Improvements of the design developed

Issues not fully solved within the framework of the test programme but that should be
addressed in a future version of this equipment, are listed below:

esince the air cushions are sensitive to load variation, a more accurate air flow
control is needed, such that fine tuning of each air cushion is possible;

ein order to avoid derailing of the air cushion cradle, the air cushion lifting height
must not only be monitored, but also controlled (see previous point);
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esince the air cushions are sensitive to moisture content in the air, the compressor
should be equipped with a air-dryer;

e the air feed inlet should be modified so that the air cushions can be activated and
deactivated more quickly thus resulting in a reduced overall cycle time;

e in automatic mode, the winding and unwinding of the air hose umbilical attached
to the back of the electric cart was not perfect and “needed a hand” from time to
time. This was due, at least in part, to the friction coefficient of the hose on the
invert slide track, which created a parasitic (drag) force. A different hose material
might reduce the friction coefficient (and also the wear on the hose) and
consequently reduce the drag force exerted on the electrical trolley. Finally, a
spooler mounted on the hose winch would improve the winding/unwinding of the
hose on the winch drum;

e alternately a more powerful electrical motor mounted on the electrical cart could
compensate for the friction force (drag) exerted by the hose;

ethe very heavy weight (43 ton) of the SF canister induced some inertia efforts,
which were a real strain on the electrical pushing jack frame, which occasionally
emitted some “cracking noise”. A stiffer jack frame would reduce the stresses and
the bending effects on the jack;

eFinally a slide plate made of composite material (carbon fibre or similar) instead
of stainless steel would help to reduce the friction between the bottom of the slide
plate and the top of the slide track fixed to the invert of the polycarbonate tube.

Note: The results obtained after the test campaign and the critical analysis of the machine
developed are detailed in a specific report [4].

2.3 The Set of Bentonite Rings Emplacement System (ANDRA)
2.3.1 Introduction

In France, in 2003 ANDRA selected the concept of air cushion transportation technology
as the most appropriate means for the emplacement of SF (Spent Fuel) canisters (also
called CU1 canisters) inside a disposal cell as well as for the transport and emplacement of
sets of pre-fabricated buffer rings when constructing the disposal cell. In the ANDRA case
(unlike the KBS-3H concept described previously), the sets of buffer rings and the SF
canisters are handled separately and not as one package for various reasons, including in
particular a) the need for assuring the retrievability of the canister and b) the maximum
allowable load during transfer in a shaft cage.

The two (2) ANDRA systems were totally developed within the framework of the
ESDRED Project, as of early 2004. The main components in the ANDRA disposal system
for emplacement of Bentonite Rings are shown in Figure 10 above. The reasons for
selecting air as a lifting medium are also detailed in chapter 2.2.1.

It was decided to proceed first with the design, construction and development of the SF
canister emplacement system, since it was the most technically challenging. If successful,
work would then proceed with the development of the buffer rings emplacement system,
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with an adaptation of as many SF components as possible. These would then be common
to the 2 machines (including most of the control & monitoring system, the electrical cart,
the bench support substructure and all the motorized winches) for the sake of
standardization, economy and schedule.

Those technical choices were forced by time and budget constraints. For the same reasons
there was also a single RFP and a single contract for the development of the 2 machines,
i.e. for the SF canister emplacement system and the pre-fabricated bentonite rings
emplacement system respectively.

In France the reference scenario nowadays (i.e. since the passing of the June 2006 law)
being studied by ANDRA is focused on the development of disposal concepts for vitrified
waste (by-product of spent fuel reprocessing) canisters and these are not anymore
surrounded by an engineered barrier. However, direct disposal of spent fuel canisters in
horizontal cells (excavated in clay) remains an option that may be reconsidered in the
future, e.g. for fuel not suitable for reprocessing.

At the time of the ESDRED Project start-up (February 2004), the disposal of spent fuel
canisters was still considered as a likely application and the technically related
emplacement system was subsequently developed. The emplacement of an engineered
barrier around the waste canisters was also considered as scientifically relevant, both
around spent fuel canisters and around vitrified canisters.

In all cases, in the management system for high level long lived waste in France, it is
necessary to also show that direct disposal of spent fuel canisters is a feasible option,
which has been technically explored. It is also important to demonstrate the capacity to
fabricate large compressed blocks of buffer material and demonstrate the know-how and
technology to emplace them in a confined space. Therefore what has been demonstrated
within the ESDRED project will remain as a worthy reference case, should the waste
disposal scenario ever evolve again.

2.3.2 Input data and Functional Requirements

It was decided within the framework of the ESDRED Project to fabricate and later emplace
bentonite rings deemed adapted to the C type canister disposal concept. The fabrication of
the bentonite rings as well as the design and supply of their lifting and assembling devices
were part of Module 1 of ESDRED. The data concerning the set of rings considered were
as follows.

¢ The buffer (bentonite/sand) rings are assembled in sets of four (4). Each set of rings
has a weight of 17 tons, with an OD of 2.25 m and a length of 2 m.

e The set of rings (the payload) and the disposal cell cross section of a C type canister
disposal cell concept are illustrated in Figure 16.
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Excavation 82,500m

Clearance 0,070m
of diameter
Permanent lining
Clearance 0,090m thickness 0,025m
of diametar @ext : 2,430m

Engineered buffer
thickness 0,800m
oext : 2,290m

Metal strap

Ring of engineered buffer

eext : 0,670m

Disposal package
¢ wall thickness 0,075
gext : 0,590m

Metal corner protection

of diameter

Primary package

0.80 m

Continuous spacers

03-114_V_4_13

Figure 16: Cross section of a C type canister disposal cell with engineered barrier (left) and view of a set of 4 pre-assembled bentonite rings (right)

The operating performances of the emplacement machine were specified as follows:

Average Transport Speed with Buffer Sets Min 30 mm/s
Transport Speed (machine only) Min 100 mm/s
Positioning Accuracy ”At contact”

Note: The complete list of Functional Requirements is specified in the Module 3 Deliverable 1, called “Input Data and Functional Requirements” [1].
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2.3.3 Design Work

For economical and practical reasons some simplifications were incorporated in the
emplacement machine by comparison with what would have been a real industrial
machine. The most important simplification was that the demonstration equipment would
not be specifically designed for bentonite rings emplacement, but would be adapted from
the SF canister equipment already available. Furthermore, ANDRA having at the time no
space available in its URL facilities in Bure (where priority was given to scientific
acquisition), it was decided to run the experiment in a surface workshop only.

The equipment designed during 2005 by Mécachimie (contractor selected after completion
of a Request for Proposal process) for the development of the emplacement machine
consisted of the following main components:

e Deposition Machine complete air cushion cradle, electrical cart, control &
monitoring system, motorized winches for steel cable/air umbilical/electrical wire,

e Mock-up of disposal cell section (first 10m),
e A supporting frame.
All these components are illustrated and detailed more thoroughly in Chapter 2.3.4.

Note: The detailed design of this emplacement system is described in a specific Module 3
report [3].

2.3.4 Implementation of Full Scale mock-up Tests

The tests campaign related to the emplacement of the sets of Bentonite Rings took place
from September 2006 to January 2007. In fact, they followed the tests first implemented
for the SF canister emplacement system. This campaign started with the erection of the
equipment necessary for that purpose. In this case it involved mainly a modification of the
test bench initially used for the SF canister.

The main configuration changes made to the SF canister emplacement system were:

e an adaptation of the structural frame supporting the bench to deal with the change
of diameter from one type of payload to the other,

e anew “test tube” composed of a perforated steel liner in its upper part (including a
lateral polycarbonate window) and of a stainless steel sliding track in its invert
lower part,

e the suppression of the sliding plate (emplacement of bentonite rings is
implemented via a continuous travel versus SF canister emplacement which is
carried out with 1m strokes) and of the radioprotection shield which were both
attached to the electrical cart, whose wheel span was also adapted to the new
guiding rails gauge,

e anew air cushion cradle adapted to the payload length and diameter,

e anew PLC programming of the control & monitoring system.

The test bench set up, after modifications for emplacing a set of 4 bentonite rings, is shown
in Figure 17.
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Figure 17: ANDRA - Set-up of the bentonite rings emplacement equipment at the test site
(Mécachimie’s premises in Beaumont-Hague)

There were 3 types of challenges in this test programme:

o fulfil all the technical performances specified, including the successive
emplacement (and later retrieval) of 2 sets of 4 dummy concrete rings (same weight
and same dimensions as the real bentonite rings) in automatic mode, inside the
perforated liner (the 2 sets being emplaced to make contact with each other, so as to
create a continuity for an engineered barrier),

e down-load the set of 4 dummy rings onto the launching table with the lifting
system (see Figure 18 right) developed for the set of 4 rings by the GME (Modulel
Contractor, in charge of the design and fabrication of such devices),

e check the behaviour of the rings, which were disassembled after their loading onto
the air cushion cradle, and their stability under the various accelerations induced by
the emplacement operations,

e check the relevance of the pre-defined operating parameters since, by contrast with
the SF emplacement machine, no Preliminary Testing had been performed.

Note: The liner shown above is perforated as also shown in the disposal concept. This is to
enable the progressive saturation of the bentonite with the seeping water coming from the
host rock.
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Figure 18: The air cushion cradle on launch table (left) and a set of 4 rings on its
transportation base (right), ready to be lifted

The simplification of the electrical cart (the suppression of the radiation shield) enabled the
installation of a 3D camera (mounted on a horizontal mast), to facilitate the remote control
at time of docking a set of rings onto a set previously emplaced in the cell. The camera
mast is shown in Figure 19.

Figure 19: Set of Rings before and after emplacement inside the perforated liner

2.3.5 Summary and Analysis of main achievements

What follows is an overview of the main results and observations made during the tests
and also an evaluation of the performance with reference to the main functional
requirements mentioned in earlier paragraphs:

e Since the trouble shooting of the emplacement system took place during the
previous testing of the CUL1 configuration, no particular difficulties were
encountered during the test programme, which turned out to be a complete success.

e The specified emplacement performances were easily met (average emplacement
speed over one cycle was 6 m/ min versus 1.8 m/ min specified).

e The emplacement of the set of rings was very smooth, without shocks. Thus, the
lateral stability of the rings (disassembled after their downloading on the air
cushion cradle) was not affected.

ESDRED
Mod3-WP5-D6 — Evaluation and Final Report Page 40/54
Dissemination level: PU
Date of issue of this report: 29 September 2008 {

||r1
"l|l|

q



e The air cushions (and the air flow control) being sensitive to water content in air, a
compressor equipped with a dessicator was used and as a consequence, no troubles
such as those encountered with the CU1 system appeared.

e As no sliding plate was used to provide a perfectly smooth and homogeneous
invert, the air cushions turned out to be also quite sensitive to voids (gaps, rough
surfaces), so that it was necessary to install a temporary layout of a fibre glass
carpet which was positioned on the liner invert, between the guiding rails. The
installation of such a carpet was very easy and executed manually, since the carpet
weight was limited and the access to the inside of the perforated liner was
compatible with man height (liner is about 2.3 m ID).

2.3.6 Possible Improvements of the design developed

The remaining (i.e. not solved within the framework of the test programme) difficulties for
operating the system are listed below together with the remedial solutions:

e The air cushions are sensitive to load distribution, thus there is a need for a
better air flow control (most likely an individual control and monitoring for
each air cushion),

e Air cushion lifting height must also be monitored and controlled to avoid
derailing of cradle with load (lifting height was in practice only monitored),

e Winding and unwinding of the air hose in automatic mode was not perfect and
“needed a hand” from time to time, while the friction coefficient of the hose on
the invert side track was penalizing. A different hose material would reduce the
friction and the wear of the hose and would also reduce the drag force exerted
on the electrical cart. Finally, a spooler mounted on the hose winch would
facilitate the winding/unwinding of the air hose.

Note: The results obtained after the test campaign and the subsequent critical analysis of
the machine developed are detailed in a specific report [4].
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3- SUMMARY AND CONCLUSIONS

The series of industrial scale tests carried out from May-June 2006 to September 2007 by
SKB/Posiva and by ANDRA on their respective emplacement equipment helped to
validate the use of fluid cushion technology for placing heavy loads in very confined
spaces. This work also identified some of the limitations of the equipment as well as the
necessary refinements/modifications that should be implemented prior to a full scale
industrial application in a future deep geological repository in clay or granite. These tests
and their results were compiled in a technical report [5].

3.1 Conclusions Related to the Testing of the Water Cushion System (SKB/Posiva)

The tests performed have shown that the emplacement equipment designed and fabricated
within the scope of the ESDRED Project can operate effectively for the transport and
deposition of Super Containers with a weight of 45 tons in horizontal drifts excavated in
hard rock. Further tests are however required to verify the availability and the reliability of
this equipment over longer time periods.

It has also been observed that the water cushion technique used by SKB/Posiva is sensitive
to load variations. This means that the Super Container to be transported must be well
balanced. This requirement implies that all fuel positions in the canister must be
completely filled with fuel elements or fuel dummies. Finally, the system is also sensitive
to the set-up alignment between the transport tube for the Super Container, the deposition
drift and the start tube for the deposition machine. A re-engineering of the alignment
devices would have to be carried out for an industrial machine.

3.2 Conclusions Related to the Tests of the Air Cushion System for SF canisters
(ANDRA)

The tests performed have shown that the emplacement equipment designed and fabricated
within the scope of the ESDRED Project can be operated effectively for the transport and
emplacement of spent fuel containers with a weight of 43 tons in mock-ups of horizontal
disposal cells. Further tests will also need to be conducted in real underground conditions
and over a longer period of time to assess the availability and the reliability of this
equipment. It has also been observed that the air cushion technique used by ANDRA is
sensitive to load variations. This means that the air cushions must be individually
monitored and controlled. An air dessicator is required to prevent condensation of water
contained in the compressed air. Finally, an efficient spooling system is considered
necessary for a proper functioning of the air hose winch.

3.3 Conclusion Related to the Tests of the Air Cushion System for sets of Rings
(ANDRA)

The conclusions drawn for the SF canister emplacement system are also valid for the
machine developed for the emplacement of the set of bentonite rings.
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[1]: “Input Data and Functional Requirements” (Project Deliverable Module 3 WP1 D1).

[2]: “Report on Prototype Test for Spent Fuel Canister CU1” (Project Deliverable Module
3WP2 D2).

[3]: “Detailed Design and Manufacturing of Equipment” (Project Deliverable Module 3
WP3 D3).

[4]: “Report on Emplacement / Transportation Tests” (Project Deliverable Module 3 WP4
D5).
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ANNEX 1: LIST OF ORGANISATIONS & PEOPLE WHO PARTICIPATED IN
ESDRED MODULE 3

The following organisations were engaged in the Research & Development work carried
out within the frame of ESDRED Project Module 3:

» ANDRA, France,
> Posiva, Finland acting jointly with

» SKB, Sweden assisted by Vattenfall Power Consultant AB, Sweden.
Furthermore, SKB acted as Module 3 Leader.

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

» MECACHIMIE (France) & BERTIN (France) for the ANDRA related activities,
» CNIM (France) & SOLVING (Finland) for the SKB / Posiva related activities.

The following persons participated in ESDRED Module 3:

Company Name First Name
ANDRA BOSGIRAUD Jean-Michel
ANDRA GUENIN Jean-Jacques
ANDRA SEIDLER Wolf
POSIVA AIKAS Timo
POSIVA SALO Jukka-Pekka
SKB LINDGREN Eric
SKB PETTERSSON (Nota 1) Stig
SKB THURNER Erik
Vattenfall Power HALVARSSON Bo
Consultant AB

Nota 1: Stig PETTERSSON also acted as Module 3 Leader Representative

ESDRED

Mod3-WP5-D6 — Evaluation and Final Report Page 44/54

Dissemination level: PU
Date of issue of this report: 29 September 2008

)
)



ANNEX 2: LIST OF MODULE 3 DELIVERABLES COMPLETE WITH

DISSEMINATION LEVEL

Dissemination

Reference Title Date
Level
WP1: Input Data and Functional Requirements
Mod3-WP1-D1.1 “Input Data and Functional 29/05/2007
. » PU
Requirements (Rev.1)
Mod3-WP1-D1.2 Tender document 05/10/2004 RE
WP2: Prototype Test for Spent Fuel Canister
Mod3-WP2-D2 Report on Proto_type test 1:9r Spent Fuel 15/04/2005 co
Canister CU1
WHP3: Detailed Design & Manufacturing of Equipment
Mod3-WP3-D3 Detailed design a_md Ma,r,lufacturmg of 31/01/2006 RE
Equipment
Mod3-WP3-D4 “Commissioning Report” 12/01/2007 cO
WP4: Full Scale Demonstration
Mod3-WP4-D5 “Report on
Emplacement/Transportation tests” 21/08/2007 PU
WP5: Evaluation & Final Report
Mod3-WP5-D6 “Final Report & Evaluation” Date of this PU
Report

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) PU
Final Report
Mod2-WP7-D8 Module 2 (Waste Canister Transfer & Emplacement PU
Technology)
Evaluation and Final Report
Mod3-WP5-D6 Module 3 (Heavy Load Emplacement Technology) PU
Evaluation and Final Report
Mod4-WP4-D9 Module 4 (Temporary Sealing Technology) PU
Evaluation and Final Report
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
uUSv 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
Ccu Spent Fuel Canister (ANDRA)
Cul SF Waste Canister Containing 4 Spent Fuel Rods (ANDRA)
Ccu2 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 fir Nuklearbehalter 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 Quiality 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 DEFINITION
IAEA
ALARA yes An optimization 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 DEFINITION

IAEA

Criticality Per US | Aterm used in reactor physics to describe the state when the humber of

Nuclear | neutrons released by fission is exactly balanced by the neutrons being

Regulator | absorbed (by the fuel and poisons) and escaping the reactor core. A

y reactor is said to be "critical" when it achieves a self-sustaining nuclear

Commissi | chain reaction, as when the reactor is operating. In waste disposal

on 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 The final Waste Package which is placed into a repository without

Package 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 This is a variation of the reference National Concept which is used

Concept 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

Mod3-WP5-D6 — Evaluation and Final Report

Dissemination level: PU

Date of issue of this report: 29 September 2008

ESDRED

||>’1
"lll|

&

q

Page 51/54



WORD Per DEFINITION
IAEA

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 of solutes from a water-bearing fracture to pores and

diffusion 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 A package of radioactive material as delivered by the producer; before

Package conditioning, for disposal

Ramp See decline.

Repository A nuclear facility where waste is emplaced for disposal

Repository The combination of the repository and the host rock

system

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 DEFINITION
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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- Generally seen as a disposal package that, unlike other disposal
Container 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 Alpha bearing waste that consists of material contaminated with
Waste 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 DEFINITION
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Waste yes The vessel into which the waste form is placed for handling, transport,

Container 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 yes The product of conditioning that includes the waste form and any

Package 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 System for monitoring phenomenology in front of a seal or plug

Monitoring without installing cables or wires through any of the barriers intended

to isolate one or more disposal packages
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