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ABSTRACT

Sweden currently has a system in operation that will manage all types of
radioactive waste in the country for a long period ahead. The system comprises a
final repository for short lived operational waste (SFR), a central interim storage
facility for spent nuclear fuel (CLAB) and a transportation system. The remaining
system components now being planned are an encapsulation plant and a deep
repository for final disposal of spent fuel and other types of long lived waste. The
Swedish program for the encapsulation piant and the deep repository is well
advanced. According to current plans, the encapsulation plant will be built as an
extension to the CLAB facility. The co-location of the two facilities will enable the
use of existing infrastructure and staff at CLAB. The fuel handling system of the
encapsulation plant can also be directly connected to the storage pools for spent
fuel in CLAB.

The spent fuel will be encapsulated in a copper canister containing an insert.
The copper canister development work has been going on for more than 10 years
and in 1995 full size demonstration canisters were fabricated successfully. The
Basic Design for the encapsulation plant is scheduled for completion in 1996. The
licensing application is programmed for submission to the Swedish authorities in
early 1998. The construction work is expected to start at the end of the century. The
first commissioning of the facility would then start in 2005 and delivery of canisters
to the deep repository is planned for 2008. The design capacity of the plant is one
canister per working day, corresponding to an annual output of approximately 210
canisters. One BWR/PWR canister will contain approximately 2,2/1,8 tons of
uranium respectively. The Swedish nuclear program is expected to generate
approximately 8 000 tons of uranium and about 75 percent is BWR fuel. The total
investment cost for the plant is estimated to be in the order of 1 700 MSEK (260
MUSD).

THE SWEDISH WASTE MANAGEMENT SYSTEM

The Swedish nuclear power utilities are responsible for the safe management
and disposal of spent nuclear fuel and other radioactive waste from the 12
Swedish nuclear power stations. In order to fulfil this responsibility, the utilities
have jointly created SKB, the Swedish Nuclear Fuel and Waste Management Co,
with the task to plan, build, and operate the necessary waste management

Copyright © 1996, WM Symposia, Inc. 4 Published by Laser Options, Inc., Tucson, AZ
Page I
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facilities and systems. SKB has developed a system that ensures the safe
handling of all kinds of radioactive waste from the Swedish nuclear power plants
for the foreseeable future. The keystones of this system are:

» A transport system which has been in operation since 1983;

« A central interim storage for spent nuclear fuel and core components, CLAB,
in operation since 1985;

= A final repository for low and intermediate level, short-lived waste, SFR, in
operation since 1988.

The remaining parts of the system, now being planned are:

+ An encapsulation plant for spent nuclear fuel;

+ A deep repository for encapsulated spent fuel and other long-lived radioactive
wastes.

The Transportation System

As all the nuclear power plants, SFR and CLAB are located on the coast and
have their own harbours, SKB has developed a sea transportation system. This
has many advantages, such as a high load capacity and low interference with
other traffic. The system comprises a purpose built ship, the M/S Sigyn, 10
transport casks for spent fuel, 2 casks for spent core components, 27 transport
containers, type IP Il, for transporta

tion of low and intermediate level waste and 5 terminal vehicles. The terminal
vehicles are used for the land transport from the reactor site to the harbour and
from the harbour fo CLAB or SFR.

Central Interim Storage for Spent Fuel (CLAB}

CLAB is located at the Oskarshamn nuclear power plant on the east coast of
Sweden. Operation started in 1985, and at the end of 1995 more than 700 casks
containing some 2300 tonnes of fuel had been received. Also, approximately 70
casks with activated core components, eg control rods, had also been received.
The arrangement of CLAB is shown in Fig. 1.

Fig. 1 .
The main complex above ground is the receiving building, where the fuel
transport casks are unlcaded. The unloading is performed under water. The CLAB

storage section is located in a rock cavern, the roof of which is 25-30 metres below
ground level.

The present capacity of CLAB, approximately 5 000 tonnes of uranium, covers
the requirements until 2004. The Swedish nuclear program is expected to
generate approximately 8 000 tonnes of which approximately 75 percent is BWR
fuel and 25 percent PWR fuel. CLAB must therefore be expanded by adding
storage pools in a new rock cavern close to the existing one. According to the
current plan, the construction of the second cavern will start in 1999. The spent fuel
will remain in CLAB for approximately 30-40 years to decay before encapsulation.
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Final Repository for Radioactive Waste, SFR

The operation of SFR started in April, 1988. It is a repository for low and
intermediate level waste, built in the bedrock under the Baltic Sea, close to the
Forsmark nuclear power plant. 60 m of rock cover the repository caverns under the
sea bed. The first stage, which is in operation, include buildings on ground level,
tunnels, operating buildings and disposal caverns for about 60 000 m3 of waste. A
second stage is planned to be built and commissioned after year 2000. Until the
end of 1995, a total of approximately 18 000 m? of waste has been disposed of at -
SFR.

THE DISPOSAL CANISTER FOR SPENT FUEL
Development Work

The spent fuel is planned to be encapsulated in a disposal copper canister
with an insert. The canister development work has lasted for more than 10 years
and full size demonstration canisters have been fabricated during 1995. The
development work with electron beam welding (EBW) of the canister copper lid is
done in co-operation with TWI (formally The Welding Institute), Cambridge,
England. A preliminary design of a disposal canister with an BWR insert for 12 fuel
assembles is shown in Fig. 2. A canister with a PWR insert for 4 fuel assemblies
will have the same outer dimensions. ‘

Test welding of full size lids on copper canisters with reduced length was
carried out during 1994/95. Figure 3 shows the machining of the inner surface of
one of the full size canisters.

The Lid Welding Pilot Plant

A crucial function in the encapsulation plant is the welding of the lid to the
copper canister. This will be done remotely with high accuracy, and in such a way
that the weld can be checked afterwards by non-destructive testing (NDT). The
welding method preferred at present is EBW at reduced atmospheric pressure. A
full size pilot plant is planned which will be used for testing of EBW and NDT
equipment for the copper canister lid weld. The experience gained will be used in
the continued design work of the encapsulation plant. The welding in the pilot pfant
is planned to start early 1998 and the results from the pilot piant will be used to
support the licensing case.

Fig. 2

Fig.3

THE ENCAPSULATION PLANT
General

A feasibility study for the Encapsulation Plant was performed in 1993/94 by four
different European companies. In June 1994, BNFL plc, (via its subsidiary BNFL
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Engineering Ltd) England, was selected as the main consultant for the Conceptual
and Basic Design of the encapsulation process. In parallel, ABB Atom, Sweden,
was selected as consultant for service and auxiliary systems and service areas of
the encapsulation plant. ABB Atom was also selected for the Conceptual and
Basic Design work for the extension of the storage capacity of CLAB. The
coordination between BNFL and ABB Atom and the plant layout work is done by
SKB.

The Basic Design of the encapsulation plant will be completed in 1996 and will
be the base for the Preliminary Safety Report. The licensing application is
programmed for submission to the Swedish authorities in early 1998. The
construction work for the encapsulation plant is expected to start at the end of the
century. The commissioning operations of the facility would then start in 2005.
Delivery of disposal canisters to the final deep repository is planned for 2008. The
design capacity of the plant is one canister per working day, corresponding to an
annual output of approximately 210 canisters. Core components and reactor
internals will also be conditioned in the encapsulation plant. These activities are
planned to start approximately year 2020, after evaluation of the first operation
stage of the spent fuel encapsulation and disposal operation.

Fig. 4
Plant Layout

The encapsulation plant is planned to be built adjacent to the existing CLAB
receiving building. The main functions and the principal arrangement of the plant
are shown in Fig. 4. In addition to the handling and process equipment necessary
for these operations, auxiliary, service and control systems as well as different
workshops and staff facilities are required. Great advantage can be achieved by
utilizing the existing corresponding systems and functions in CLAB.

The encapsulation plant consists of a main building connected fo CLAB and
the existing fuel elevator. The new handling pool in the encapsulation building is
paralie! to the receiving pools in CLAB. The handling cell and the different process
stations are arranged to permit flexibility in the plant layout for future modifications
of the plant. During the construction and commissioning the encapsulation plant
will be separated from CLAB and will have its own site entrance. Later, during
active operation, the encapsulation plant will be fully incorporated with CLAB
operation.

The location as an extension to CLAB provides possibilities to extend several
existing functions into the encapsulation plant. These functions include the fuel
elevator, cooling systems, water purification systems, draining and fire fighting
systems as well as electrical power supply. The local control room in the
encapsulation plant is staffed only during the daytime shift. The central control
room in CLAB is planned to be used for supervision and limited operation of the
encapsulation plant outside the daytime shift. The CLAB central computer may
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also be used for recording of all relevant data from the encapsulation process. The
layout of the encapsulation plant is shown in Fig. 5. The dimensions of the building
is approximately 80 m x 70 m x 25 m (L.xWxH).

THE ENCAPSULATION PROCESS

The following will present a more detailed description of the functions and work
foreseen in the different parts of the plant. The location of the different parts are
marked in Fig. 5.

Transfer Channel, Handling and Connection Pools

T‘he storage canisters with fuel (or core components) are transferred from
CLAB into the new pool in the encapsulation plant using the existing fuel elevator
system, which is already prepared for this extended function.

In the pool, checking of each fuel assembly will be done. The checking before
placement in the disposal canister will include a gamma measurement. This
measurement may also be utilized for the determination of the residual power and
safeguards verification of the fuel assemblies.

The results of these measurements are compared with expected values and
transferred to a computer for confirmation and final selection of fuel assemblies
with regard to the maximum allowed decay heat, which is approximately 1.5-2.0
kW, per canister. The selected assemblies are placed in a transfer canister with
12 BWR or 4 PWR loading positions. The transfer canister is moved to the ramp
elevator leading to the handling cell.

Fig. 5
Handling Cell

The transfer canister, in the ramp elevator cage, is moved up the ramp and is
stopped at a position above the water level and below the handling cell. In this
position the transfer canister is allowed to drain. The canister is then lifted out of
the cage with an in-cell crane and is transferred to one of the two drying stations in
the cell. The fuel is dried for approximately 12 hours by means of hot recircuiating
air in a closed system with a HEPA filter.

A disposal canister, placed in a sleeve and shielded frame, is docked from the
transfer area below the cell. The steel lid of the insert is removed and temporarily
stored in the cell in such a way that it is protected from surface contamination. After
drying the fuel assemblies are lifted, from the transfer canister, one by one and
placed into the disposal canister insert. The fuel assemblies may also be
identified to ascertain the final canister contents. .

The steel lid is temporary placed back onto the insert prior to undocking. The lid
provides shielding and tighiness during the transfer from the cell. The shielded
frame is also provided with a shielded gate on top. The canister is then ready to be
transferred to the next process station for inerting and final lidding of the insert.
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Transfer Vehicle and Transfer Area

The disposal canisters are transferred between the different process stations
in shielded transfer vehicles. A vehicle consists of a transporter and a shielded
frame, which allows docking of the canister in its sleeve to the handling cell and
the process stations in a way that provides radiation shielding and prevents
contamination of the transfer area. The vehicles are remotely operated and bring
the canisters to the different positions in the transfer area. The vehicles can also
be brought to the active workshop for maintenance.

The transporter is currently planned to be of air cushion type, which offers
flexibility in movement and position adjustment. The shielded frame has a lifting
feature which lifts the canister in its sleeve into the docking port of the different
stations. The shield is telescopic with an outer and an inner cylinder.

Inerting and Lidding Station

Operations in the inerting and lidding station are performed in order to change
the atmosphere in the canister insert and to finally seal the steel lid. The station
has a vacuum chamber with equipment for handling and bolting the steel lid and is
connected to systems for vacuum and inerting with argon or helium gas.

The filled canister with the steel lid temporary fitted arrives below the station on
the transfer vehicle and is docked to the chamber. The steel lid is lifted to permit
the exchange of the air with the inert gas. After gas filling, the steel lid is placed
back on the insert and is bolted tight.

The seal between the lid and the insert provide gas tightness during the
subsequent welding of the copper lid.

Welding Station

The transfer vehicle brings the filled canister o the welding station where the
canister is docked to the vacuum chamber from below in such a way that vacuum
conditions can be achieved at the welding area at the top of the canister.

The vacuum chamber contains equipment for cleaning the weld surface and for
welding. The copper lid is posted into the chamber before the canister is docked
and positioned.

The canister is rotated during the welding process. The EBW equipment is
fixed on an adjustable mount so that the beam can track the joint between the lid
and the cylinder during welding.

The welding starts with a gun conditioning and testing using a copper target
situated directly above the canister. This enables the welding parameters {o be
adjusted immediately before welding of the canister. The copper lid welding is
then completed following a pre-set procedure.

NDT and Machining Station
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In this station the copper lid weld is machined and checked with
non-destructive testing (NDT). The station is provided with equipment for
machining of the welded zone and for ultrasonic and radiographic testing. There is
alsc equipment for machining for repair of failed welds. The canister arrives from
the welding station in the shielded frame and is docked to the station from below.

Canisters with failed welds are either rewelded immediately or put aside and
stored for later rewelding and repair. Canisters rejected after repeated rewelding
can be cut open in the NDT and machining station. The fuel wil! then be removed
in the handling cell after opening of the insert. The insert can be reused but the
copper canister will probably have to be scrapped.

Monitoring and Decontamination Station

From the NDT and machining station the canister is brought to the export port of
the transfer area. There it is lifted up from the shielded frame by a shielded
handling machine belonging to the buffer store. This machine transfers the
canister and [owers it into the monitoring and decontamination station. The
canister surface is checked with remote smear testing and if contaminated the
canister is cleaned with high pressure water. Smear test samples are brought
from the station remotely through a shielded opening and measured locally at the
operator platform.

The clean canister is transferred from the station to the canister buffer store by
the shielded handling machine.

Buffer Store

The buffer store serves as a buffer for filled canisters prior to transport to the
repository. The canisters are stored under a shielding floor with shielding plugs
over the storage positions. Thick walls protect the surrounding area from radiation.
Cooling is provided using air on a once-through basis. The shielded handling
machine place the canister into an empty storage position after first litting the
shield plug. Before leaving the position the machine replaces the plug. When a
canister is to leave the store the machine moves it into the cask entrance area
where it is lowered down into a transport cask.

Core Components

The conditioning of core components in concrete moulds will have a route
similar of that of the disposal canisters. The storage canisters with core
components are dried in the handling cell and then placed in a mould in a
shielded frame similar to the ones used for canisters. The main outer dimensions
of the concrete mould could be 1.2 m x 1.2 m x 4.8 m and with a wall thickness of
200 mm. The lidding of the mould and the eventual filling of the void with grout will
be done in separate lidding and grouting stations. The monitoring and
decontamination and the buffer store with the shielded handling machine, are
planned for use for both canisters and moulds.
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Transport Cask Loading

The buffer store handling machine is used for transferring canisters and
moulds into the transport cask. A special docking position and port in the storage
area is provided for this operation. Below the position a transport cask is
positioned for receipt of a canister.

The Dispatch Hall

The dispatch hall is divided into a large area for transport and temporary storing
of goods, connections fo the buffer store and a transport cask maintenance area. A
passage from the hall leads to the active workshop. The hall has an air lock for
entering and dispatching goods. The dispaich hall has equipment for lifting
transport casks and containers and for handiing the empty canisters and moulds.
The empty canister will be tilted vertically and placed in a sleeve, checked and
prepared for positioning into the shielded frame. There are also general areas for
storing empty canisters and moulds. Items to be transported are transport
containers for empty copper canisters, casks for filled canisters, containers for
empty moulds and transport cask for filled moulds. Copper lids for canisters and
EBW copper test targets are also handled in the hall.

The transport procedure for filled canisters starts with a transport cask in the
dispatch hall air lock. After removing the shock absorbers, the cask is raised to a
vertical position and lifted into a bogie with a surrounding platform. The platform
enables the bolts of the lid to be removed. The bogie is moved into a shielded
export area where a filled canister is lowered directly into the cask with the buffer
store shielded handling machine. The cask lid is positioned, the cask withdrawn
from the loading bay and the lid is tightened.

SUMMARY

The plans and design of the encapsulation plant are well advanced. According
to current time schedule, the commissioning will start in 2005 and the first copper
canister delivery to the deep repository will be in 2008. The production target for the
encapsulation plant is one canister per working day corresponding to an annual
output of about 210 canisters or encapsulation of approximately 400 tonnes of
uranium per year. The Swedish nuclear program is expected {o generate
approximately 8 000 tonnes. The total investment cost for the encapsulation plant
is estimated to be 1 700 MSEK (approximately 260 MUSD).
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Fig.2. Disposal copper canisier with insext for 12 BWR fuel assemblies
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Fig. 3. Machining of'a full size disposal copper canister
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Fig.5. Layout of the encapsulation plani
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