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The Facility

Unloading of transport casks with operat
waste at SFR, Shipments of low- and inter-
mediate-leve! waste (LLW and ILW) from
Ringhals, Barsebick, Oskarshamn and

Studsvik to SFR take place by sea on M/S
Sigyn, which is specially designed for transpor-
ting spent nuclear fuel and radioactive waste.
Length: 90 m. Breadth: 18 m. Draught: 4 m.
Payload: 1,400 tonnes.

Control room with workstations for remote-con-
trofled unloading. The picture shows monitoring

of unloading in the rock vault, which is divided
into pits.

Unloading of the transport cask takes place in
an unloading niche. h is performed by remote-
controlled equipment.

5 The waste packages are carried by overhead
crane 10 the top of the silo. The silo is divided
i nto which the waste is lowered.

The final repository for radioactive oper-
ational waste, SFR, is situated near the
Forsmark Nuclear Power Staton. SFR
is a central facility for final disposal of
short-lived LLW and ILW originating
in Sweden. The geological conditions in
the crystalline bedrock make this 2 suit-
able medium for hosting 4 final repos-
itory for radioacuve waste. The rock at
Forsmark is of good quality and well-
suited for an underground rock fac
SFR is situated in crystalline bedrock a
a depth of more than 50 metres below
the seabed, which is in turn under 5

metres of water. The facility is connec-
ted to the ground surface by two par-
allel kilometre-long access tunnels. The
disposal chambers consist today of four
160-metre-long rock vaults of varying
design, plus 2 70-metre-high rock
cavern in which a concrete silo has been
built. The silo is intended to contain
most of the radioactive materials to be
disposed of in SFR.

LLW enclosed in unopened freight
containers is emplaced in one of the
four rock vaults. The waste in this part
of the facility can be handled without

A )

Vault for ILW in concrete tanks. The tanks are

any special radiation shielding and this
is done by an ordinary forklift truck.
Three of the rock vaults recejve ILW,
which requires radiation shielding.
Dewatered filter resins in concrete
tanks are deposited in two of these [LW
vaults. These waste packages are handled
by a radiation-shielded forklift wuck.
The third vault contains more hard-to-
handle waste, which is emplaced in pits.
When the pits have been filled, they are
sealed with concrete lids. The waste in
this vault is handled with a remote-
controlled overhead crane.

A cylindrical rock cavern houses the
concrete silo, which is 50 metres high
and has an inside diameter of 26
metres. The silo repository is intended
for ILW and is mainly used for filter
resins from purification of reactor
water. The space between the silo wall
and the rock is filled with bentonite, a
clay material which swells and pre-
en®Proundwater flow. Internally, the
silo is divided into square vertcal pits
measuring 2.5 metres on a side. The
pits are separated by concrete walls.
After the waste packages have been

Vault for LLW in ordinary freight containers,
which are handled by forklift truck.

ILW in drums or moulds is emplaced in the
rock vaull, which is divided into pits. As the
pits are filled, concrete lids are placed on them.
Handling in this vault is done by remote-
conteolied overhead crane.

_ Principal data for SFR

Start of construction: 1983

Start of speration: 1988

Disposal capacity: 63,000 m?®
‘ Recelving capacity:  1,000-2,000 m3/4r
, Operation and

about 12 persons
Office and workshop
building, terminal b

i Surtace section:
|

| Underground section:
i

|
4 rock vaults, 1 silo, |
operations centre |

: Owner: sK8 H
| Dperation and

| maintenance: - Forsmarks Kratgrupp

| Cost of canstruction: SEK 740 million

| Cost of operation:  approx. SEK 30

H million/year

: Total cost: approx. SEK 1,500
i mifiion {incl. closure)

lowered into the pits, the waste is
grouted with concrete. All handling
in the silo is automated and remote-
controlled.

SFR # F %46

2
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Practical technology

‘The dress rehearsal for practical
application of deep-repository tech-
nology at SKB’s Hard Rock Labora-
tory at Aspd, near Oskarshamn, has
now picked up in intensity. Over the
next few years, methodology and

hnologies for deep-rep y
storage of spent nuclear fuel will be
rigorously tested.

The Aspé Hard Rock Laboratory
(HRL) is perhaps SKB’s most import-
ant research and development resource.
Here, we can test techniques for site
investigation and deposition in a realis-
tic environment. The following is a
brief summary of the more significant
technique-oriented experiments com-
pleted or currently under way at the
Asps HRL.

The ZEDEX experiment

Tunnelling inevitably affects the sur-
rounding rock; new fractures alter both
stress status and the flow of water
through the rock. The area through
which the drift is driven is known as

the disturbance zone. This experiment

aims at establishing the size of the dis-

e experiment was carried out in two
parallel drifts at a depth of 420 metres,
one blasted, the other excavated by a
tunnel-boring machine. We measured
the properties of the rock both before,
during and after blasting.

The experiment showed that a dis-
turbed zone is formed regardless of
whether the drift is blasted or bored.
Blasting induced new fractures all round
the drift. The deepest fractures, extend-
ing to about 80 centimetres, were
observed in the floor; in the walls, they
were about 30 centimetres deep.
Boring affected the rock to a far lesser
degree. In the bored drift, the fractures
extended to less than three centimetres
into the walls, floor and ceiling.

The LOT experiment
We also wanted to establish the effect
on bentonite clay of long-term storage
in an environment similar to that of a
future deep repository. To this end, we
are now conducting what we term the
LOT experiment - the Long Term
Test of Buffer Material.

In this test, copper tubes, encased in
bentonite, were located in boreholes in
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SKB tests technology for filling and
phugging drifts. Here, a technician studies
the properties of the filt

the floor of the drift. Each tube was
fitted with an electrical heating ele-
ment to simulate the heat generated by
the disposal canister.

The experiment was designed to
establish how temperature and min-
erals affect the bentonite and whether
bacteria are able to survive there, On
compledon of the test, the bentonite
will be drilled out of the holes and sent
for laboratory testing.

Pilot tests have already been per-
formed in which bentonite was heated
for 15 months. During that period, the
properties of the bentonite were not

In the demonstration repository, a speci-

ally built deposition engine places the
canisters in the deposition holes.

found to have changed in any unfore- .
seen manner. Bacteria are not active in
bentonite.

The demonstration repository
Tests of machines and technology in a
realistic environment are crucial to the
end result. In the demonstration repos-
itory we test how the canisters, which
weigh at least 25 tonnes, may be posi-
tioned in the deposition holes along
with their bentonite casing.

For these tests, we developed a radi-
ation-shielded, remote-controlled
deposition engine that runs on rails.

The prototype repository

A prototype repository is being built
to test how the deep repository can
be expected to function over a twen-
ty-year period. In pardcular, it is
important to determine the mutual
reactions of the canister, bentonite,
fill and rock.

‘The prototype is an exact copy of a
real-life repository, although with only
six holes. Sensors are installed in the
boreholes, the clay and canisters to
measure _U—‘ﬂwm:-.ﬂw ﬁﬂa—wﬁaaﬂn HSQ a
wide variety of chemical para-meters.
After about five years, the exterior of

© 0emo repository

O Elevator

© Prototype repository i
SRR TN B

visitors to the various departments of
the underground laboratory.

the repository will be excavated so as
to give us an idea of how the various
materials have been affected. After a
further 10 to 15 years, the interior
section will also be excavated.

The backfili experiment

SKB is also testing the method to be
used for filling and plugging the
drifts. It is essential that the permeab-
ility to water of the backfill material
and plug is approximately the same as
that of the surrounding rock. The
drifts could otherwise prove an effect-
tive escape route for any radioactive

substances that might find their way

t out through the canister and buffer.

In the Aspé laboratory, we backfilled
and plugged a thirty-metre test section
of a blasted drift. The inner section of

i the drift is filled with a mix of 30 per-

cent bentonite and 70 percent crushed
rock.

The admixture of bentonite to the
rock ensures that the mixture will swell
and seal off any cavities between the
backfill material and ceiling of the

i drift. The outer section of the drift is

filled with crushed rock only. The test
area is sealed off with a thick concrete
plug.

The interior of the drift is provided

| with some 200 gauges and sensors that

will enable us to monitor the sealing
capacity of the fill and plug over the
course of the next few years. The
results will show whether this approach
functions in practice and how well the
models used as our basis of calculation
conform with reality.

The retrieval experiment

The deep repository approach assumes
that we will proceed in stages. To start
with, only about one tenth of the spent
nuclear fuel will be deposited - the

¢ method will then be evaluated, mean-

ing that if the results are negative we
must be able to expose the canisters
and retrieve them from the boreholes.

Here, the main problem is removing
the bentonite that keeps the canisters
in place, and it is this chat we will be
testing in the Aspd retrieval experi-
ment. First, we will deposit a canister,
fitted with an electric heater, into a
borehole lined with blocks of benton-
ite, where it will be allowed to remain
for between two and five years to
ensure that the bentonite is saturated
with water. In the meantime, we will
develop a method for exposing and
retrieving the canister.

Today we believe that the best meth-
od of retrieving canisters is to wash
away the bentonite with a saline solu-
tion. The sturry thus formed can then
be sucked out of the borehole.

Aspi HRL - key figures

Drift tenght: 3600 meters
Greatest depth: 460 metres N
Extracted rock volume: 150,000 m?

Staff: 35 _

.
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Aspd Hard Rock
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Canister Laboratory

« e

training.

Research on segling of the canisters is being done
with both efectron beam wekding and friction welding.

Before the spent nuclear fuel is emplaced in the deep
repository, it will be encapsulated in tightly sealed copper canisters.

The Canister Laboratory

Startof

construction: 1996

Start of operation: 1998

Owner: Svensk Karnpransle-
hantering AB

Investment cost:  approx. SEK 150 million

The Canister Laboratory, inaugurated in November
1998, is a centra for technology development and

canister

SKB's Canister Laboratory in Oskarshamn is a centre for further
development of the encapsulation technology.

At the Canister Laboratory we are first
and foremost working to develop the
technology for welding the lid on the
copper canister and checking that the
welded joints are truly leaktight. Here
we work solely with copper canisters
and dummy fuel assemblies. There is
no spent fuel in the facility.

Reliable technology

The Canister Laboratory has one of
the world’s most powerful electron
beam welders for joining the canister
to its lid. This welding method involves

fusing the parts together by means of a
powerful electron beam. The welding
equipment at the Canister Laboratory
has a power rating of 100 kW. This is
so powerful that 30 cm of steel can be
cut through in five seconds.

The method is tried-and-tested and is
used today in the manufacture of many
industrial products. It is being further
developed in the Canister Laby y

@ Demonstration
plant for transfer of ;
fuel assemblies to

ing the Friction Stir Welding (FSW) )

technique, which is a kind of friction
welding method.

A specially designed rotaring tool is
used in FSW. As the tool rotates and
moves along the joint, heat is gener-
ated which, in combination with the
high pressure of the lid against the
canister, fuses the metal parts together.

to suit our purpose of welding copper.

Metal becomes malleable
At TWT in the UK we are also study-

The temp eb s0 high that
the metal becomes soft and malleable.
But unlike electron beam welding

(EBW), FSW does not melt the

material. i

© The lid is welded on by EBW
in a vacuum chamber

Powerful X-rays

To inspect the welds we use one of
the most powerful X-ray machines on
the market. Itis 60 times as powerful
as an ordinary industrial X-ray
machine.

To protect the personnel against X-
rays, the equipment is surrounded by
thick concrete walls. The canister,
which has a weld more than three
metres long, rotates slowly while the
X-ray tube bombards a 0.4 mm wide
section at a time. It takes about an
hour to inspect a weld.

@ The weld is examined by
radiographic testing

© The weid is machined and
examined by ultrasonic and
eddy current testing

The welds are also inspected ultra-
sonically. Ultrasonic inspection pro-
vides a very clear image of the weld.
The method enables us to determine
the depth of any defects.

Several testing methods
Inductive testing (eddy current test-
ing) is yet another method we use to
check the quality of the weld. The
reason we make use of several diffes-
ent methods is that they compl
each other by allowing us to see dif-
ferent types of defects.

O The canisteris aligned so that
itis perfectly vertical

2
"

Canister
26
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The different methods can also confirm
the accuracy of each other’s results.
Another important task in the Canister
Laboratory is making sure that the
machines and other equipment that will
be used in the encapsulation plant work
as intended. We must be sure of chis so
we can in turn be sure of achieving the
quality and production pace needed in
the finished encapsulation plant.

The Canister Laboratory will later
serve as a training centre for the per-
sonnel who will eventually work in
the encapsulation plant.
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Studsvik RadWaste concept for melting and free
release of radioactive scrap metal for re-cycling

Segmentation

Sampling

- chemical
- mechanical

Decontamination

Sample

Storage for
max 20 years

Studsvik"RadWaste

Free release for re-melting

<1 Bq/g for By
< 0.1 Bq/g for a

Free release by regulations
< 0.5 Bq/g for B/y
< 0.1 Bq/g for a

(i.e. Without need for new license)
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Ingots decay storage at Studsvik

Studsvik’Rad Waste

&34
%

=3

15 B

—

M+

hABRES  UERSEBE

30



