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SKI perspective
Background and purpose of the project
The Finnish and Swedish concept of managing spent nuclear fuel involves encapsulation of
the fuel in metal canisters to be placed into a deep bedrock repository. The required design
life is of the order of glaciation cycles to reduce the radioactivity of the contents to the
background level. The temperature of the canister is foreseen to peak at about 100°C during
the first 1000 years, with gradual cooling to the level of the bedrock environment. For the
protective copper (CuOFP) overpack of the canister, creep and corrosion are included as
potential damage mechanisms under the repository conditions. Although relatively mild
in usual engineering terms, the repository conditions imply a significant challenge to the life
estimates for such damage mechanisms, as the expected design life is one to four orders of
magnitude longer than for ordinary engineering structures designed against these mechanisms.
This work is dealing with both damage mechanisms in an effort to provide a realistic model
for life prediction and long term behaviour of the copper overpack.
This research particularly includes
1. assessment of damage mechanisms and their interaction: primary creep, damage
interaction in ground water, impact of oxidation and thermal degradation
2. material and life modelling of creep, damage and corrosion, and their combined
action; and
3. evaluation of long term materials properties of the welded copper overpack, and the
expected impact on the overpack life in the repository.
The effort is a part of the Finnish national research program on nuclear waste management,
20062010 (KYT2010), and also includes specific issues defined by SKI (Sweden).
The technical objectives for the period (2006) have been:
1. to develop and initiate multiaxial creep testing of CT specimens under simulated
groundwater conditions with monitoring of the material response
2. to extend the testing to at least 5000 h of combined creep and corrosion exposure
under groundwater environment and stress/multiaxial loading using artificial defect in
the weld and parent materials
3. to extend the experimental database to support mechanical modelling, with additional
data on controlled mechanical testing of both parent materials and welds; and
4. to further develop modelling on creep as well as combined creep and corrosion of the
copper overpack, to support life assessment.
Results
The results from the extended uniaxial and multiaxial creep testing, confirms the earlier
indications of microstructural changes at relatively low temperatures in Cu-OFP. The
observed microstructural changes do not appear to represent particular disadvantages in terms
of remaining life.
In creep testing with natural weld defects (FSW), the results show much faster decreasing
creep strength in time than it was observed for base material or welds without defects.

For predicting mechanical behaviour a creep model has been developed to include the full
creep curves in a simple and robust manner. Applying this model for the extrapolated case of
steady loading at 100˚C and 50 MPa predicts time to 10% strain of about one million years.
The results of the project will be a useful tool in the highly challenging aspect of extrapolating
results from creep tests running in limited time to prediction of creep life for very long times.
Effects on SKI work
The study will continue and be a basis for SKI research projects in future, and will also be
used in other SKI projects dealing with modelling creep behaviour of copper. The study will
also be used in SKI reviews of SKB’s RD&D-programme.
Project information
Responsible for the project at SKI has been Behnaz Aghili.
SKI reference: SKI 2005/1326, 200609010.
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Summary

The results from extended uniaxial and multiaxial creep testing confirm the earlier indications
of microstructural changes at relatively low temperatures (150-175°C) in Cu-OFP. These
changes are probably related to recovery processes directed by the favourable crystallographic
orientation on one side the related grain boundary, resulting in characteristically widening
grain boundary zones. With further straining, these zones become chains of small grains
decorating the original grain boundaries. The observed microstructural changes do not appear
to represent particular disadvantages in terms of remaining life.
In creep testing with natural weld defects (FSW, inclusion sheet 20% of cross-section), the
results show much faster decreasing creep strength in time than what is observed for base
material or welds without defects. However, extrapolation to 50 MPa stress level across such a
defective region would still suggest a safe life of approximately 26 000 years in spite of much
elevated testing temperature (175°C) from expected service temperature (below 100°C). For
predicting mechanical behaviour, a creep model has been developed to include the full creep
curves in a simple and robust manner. The model has been adapted to the most recent creep
testing results (up to about 48000 h in uniaxial testing). Applying this model for the
extrapolated case of steady loading at 100°C / 50 MPa predicts time to 10% strain of about
one million years.
For comparison on creep ductility, also a testing program on low-phosphorus (OFHC) copper
was initiated. The testing program with model vessels was completed after confirming safe
short term limit load predictions. This program continues with compact tension specimens to
study the potential combined effect of creep and corrosion in simulated groundwater.
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Preface
This report provides the final overview of the 2006 results in the project “Long term integrity
of copper overpack”.
The project is a part of the Finnish national research program on nuclear waste management,
2006-2010 (KYT2010). The financial support by this program and by SKI (Sweden) is
gratefully acknowledged.
Espoo, May 2007
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1

Introduction

1.1

Background
The Finnish and Swedish concept of managing spent nuclear fuel involves
encapsulation of the fuel in metal canisters to be placed into a deep bedrock
repository [1]. The required design life is of the order of glaciation cycles to
reduce the radioactivity of the contents to the background level. The temperature
of the canister is foreseen to peak at about 100°C during the first 1000 years, with
gradual cooling to the level of the bedrock environment. For the protective copper
(Cu-OFP) overpack of the canister, creep and corrosion are included as potential
damage mechanisms under the repository conditions [2]. Although relatively mild
in usual engineering terms, the repository conditions imply a significant challenge
to the life estimates for such damage mechanisms, as the expected design life is
one to four orders of magnitude longer than for ordinary engineering structures
designed against these mechanisms.
This work is dealing with both damage mechanisms in an effort to provide a
realistic model for life prediction and long term behaviour of the copper overpack.
This research particularly includes
•

assessment of damage mechanisms and their interaction: primary creep,
damage interaction in ground water, impact of oxidation and thermal
degradation

•

material and life modelling of creep, damage and corrosion, and their
combined action; and

•

evaluation of long term materials properties of the welded copper overpack,
and the expected impact on the overpack life in the repository.

The effort is a part of the Finnish national research program on nuclear waste
management, 2006-2010 (KYT2010), and also includes specific issues defined by
SKI (Sweden).

1.2

Objectives
The technical objectives for the period (2006) have been:
• to develop and initiate multiaxial creep testing of CT specimens under
simulated groundwater conditions with monitoring of the material response
• to extend the testing to at least 5000 h of combined creep and corrosion
exposure under groundwater environment and stress/multiaxial loading using
artificial defect in the weld and parent materials
• to extend the experimental database to support mechanical modelling, with
additional data on controlled mechanical testing of both parent materials and
welds; and
• to further develop modelling on creep as well as combined creep and
corrosion of the copper overpack, to support life assessment.
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The second phase of the project (2007 - 2008) has the following objectives:
• to extend the experimental database well beyond 10000 h of testing both for
creep and combined creep/corrosion tests
• to clarify in detail the character and significance of the microstructural
changes observed in long term creep testing at relatively low temperatures
• to develop damage modelling for improved description under relatively low
temperatures (n. 100°C) and very long hold times; and
•

2

to provide a well justified life prediction for the welded copper overpack
under the final repository conditions.

Materials and methods
The friction stir welded (FSW) test material originates from a full scale section
provided by SKI (Swedish Nuclear Power Inspectorate) and the Swedish program
for canister studies. This section included a cylindrical part (material code T31)
and a cover lid (lock TX 82) welded together and marked KL 059 on the outer
surface of the cover lid. Chemical analysis, short term mechanical properties and
initial microstructures of the materials have been reported previously in [2]. In
addition, a batch of low-phosphorus copper (Cu-OF) was added to the testing
program to explore the effect of composition (P) on ductility. The test materials
have been subjected to uniaxial and multiaxial (CT, model vessel) creep testing
with and without the groundwater environment. Metallography using optical,
scanning electron and FESEM (HUT) microscopy has been applied for as-new
materials and test specimens after testing periods. Interrupted testing has been
applied for multiaxial testing to inspect for damage evolution. For interpretation,
life modelling with extended parametric and other techniques has been applied, as
well as FEA for multiaxial specimens.

a)

b)

c)

Fig 1. Extraction of a) uniaxial and b) CT and c) tubular specimens for testing
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3

Results

3.1

Uniaxial testing
Status of uniaxial creep testing is shown in Table 1 and in Figs 2 to 5.
20

18
current status
(44200)

16
TOTAL MEASURED STRAIN

third interruption
load still on (33180 h)
change of thermocouples

14
second interruption
load still on (26100 h) true
displacement measurement

True strain (%)

12

10
first interruption (5011)
RELOAD
8

CORRECTED CREEP STRAIN CURVE

6

4

2

0
0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

Time (h)

Fig 2. Creep curve of parent specimen (V1) at 120 MPa / 151°C
The specimen V1 in Table 1 refers to the long-term test that has probably reached
the minimum strain rate and is expected to take several years more to complete.
The specimen VT-5 refers to the last cross-weld (FSW) creep test with weld
defect (inclusion sheet) in 20% of the cross-section. The test was interrupted after
a creep crack had progressed beyond the main defective region and a ligament less
than half of the residual cross-section was holding the specimen together. The
weld defect was a similar small scale inclusion zone (sheet) as in all cross-weld
test specimens. These defects were in size below the usual resolution limit of
conventional NDT, and appeared in the tested cylindrical Ø 8 mm specimens as
an about 1.2 mm wide zone across the failure surface. With the end of the last and
longest such test, this part of the test program has been completed (Fig 6).
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Fig 3. Creep curve of cross-weld specimen VT-5 (FSW, 80 MPa / 175°C).

a)

b)

Fig 4. Appearance of specimen VT-5 after testing; a) specimen (80 MPa/175°C/
16650 h); b) partial magnification of the necked region with the inclusion defect
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a)

b)

Fig 5. Appearance of creep specimen K2 after testing; a) specimen (126
MPa/175°C /19265 h); b) partial magnification of the same specimen; note
surface cracks in the necked region
Table 1. Results of the creep testing program (uniaxial)
Specimen
no.

Temp
(°C)

Stress
(MPa)

tr
(h)

A
(%)

Z
(%)

VL-1

175

136

1693

46.5

70

Radial CW:
VT-1

175

136

7.8

13.5

48

VT-2

175

136

11.2

10.0

41

VT-3

175

126

14.9

16.0

75

VT-4

175

106

144

14.0

58

VT-5

175

80

16650

(2.8)

-

PM (axial/chordal)
U1

175

136

4545

--

-

K2

175

126

19265

>38.4

-

V1

151

120

48100+

(18.4+)

-

Axial CW:

10 (26)
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Fig 6. Effect of inclusion-type welding (FSW) defects smaller that NDT resolution
on the cross-weld creep strength at 175°C.

3.2

Multiaxial testing
Internal pressure testing of model vessel
Experiments with Cu-OFP model vessel (tubular specimen, Figs 1c & 7) showed
persistent pressurising line blocking, and appear less attractive for the combined
creep and corrosion multiaxial experiments than the parallel avenue using
compact tension (CT) specimen testing for the same purpose.
However, to validate the already performed test, a limit load pressuring test was
performed for the same specimen that was previously tested under internal static
200 bar pressurisation of groundwater at oxygen free conditions for about 795 h at
175°C (with calculated mid-wall hoop stress of 39.6 MPa and Mises skeletal
stress (n = 6) of 33.8 MPa). The specimen had an external diameter of 47.5 mm,
wall thickness of 9.5 mm and two longitudinal defects (depth 1.8 and 1.5 mm)
crossing parent, transition and weld material. The calculated values of KI [3] were
5.4 and 4.8 MPam0.5 for the two defects, respectively.
The limit load test outcome was a leak before break outside the sample length at
326 bar, equalling a Mises stress of 55 MPa, just below the predicted yield
pressure (see Fig 8).
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a)

b)

Fig 7. Internal pressure testing of the model vessel; a) schematic test system; b)
model vessel in the test chamber
The blocked pressurising line was clearly due to salt deposit coming out of the
rather highly concentrated test solution under the applied testing conditions. The
crystallised salts were found (apart from the pressurising tube) also on the internal
surfaces of the model vessel (Fig 9).

Fig 8. Predicted limit pressure as a function of crack depth to wall thickness
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a)

b)

Fig 9. The pressurising end plug after the limit load test; a) salt deposits on the
internal surface, b) side view of the end plug

Multiaxial (CT) testing
The specimen CS3 with FSW was loaded at F = 6400 N, resulting in FFD (front
face displacement) of 0.15 mm after the first testing cycle at 175°C. The CT a/w
is 0.376 giving a KI = 40.3 MPam0.5. The corresponding (plane stress) Mises
equivalent stress is 35.1 MPa. After each of the two testing cycles (at 5040 and
10000 h) the test was interrupted for microstructural examination of the tip region.
The CT specimen after the first test cycle (5040 h) is shown in Fig 10 and the
specimen compliance in Fig 11.

Fig 10. The CT-specimen CS3 after the first test cycle (5040 h, 175°C / 35.1 MPa)

SKI Report 2007:38

13 (26)

Research report VTT-R-04483-07

0.16
Cold, first loading
Hot, at test start
Cold after 5040 h
test load

0.14
0.12

FFD (mm)

0.1
0.08
0.06
0.04
0.02
0
0

2000

4000

6000

Load (N)

Fig 11. Compliance of the CT specimen CS3 before and after first cycle at 175°C
After each microstructural examination (see below), the specimen was subjected
to the next corresponding testing cycle (5000 h each). The next test interruption is
foreseen at early 2008 (15000 h), and several cycles are expected to be needed to
confirm the process rates in creep strain, microstructure, and other possible
damage.
Corresponding CT–testing of Cu-OF is in progress, as well as the parallel
combined creep and corrosion experiment on Cu-OFP. These tests will be
reported later in the 2007 final report.

3.3

Microstructural assessment
The CT-specimen (CS3) with weld (FSW) after interruptions at 5040 h and 10000
h, and a uniaxial test specimen (parent) completed at 16650 h, were subjected to
metallography in optical and scanning electron (EBSD) microscopes (Figs 12-24).
The results show that the grain boundary zones observed previously at 150°C but
at smaller scale now appear as clearer and wider regions when subjected to
sufficient stress at 175°C. These regions appear initially as recovery zones, which
after some 5 000 h or more at 175°C become visible in optical microscopy. The
effects of time and temperature on the zone development suggest a diffusion
controlled recovery, as do also the observed enhancing influences of increasing
stress and creep strain. The latter was seen at the notch (joint line) tip region of
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the CT specimen and within the gauge length of the uniaxial specimen, when
comparing the zone width to that in regions of lower or zero stress.
That the recovery zones generally only appear on one side of the grain boundary
can be explained by more favourable crystallographic orientation on that side. The
same feature could also at least partially explain the observed variation in the zone
width along the grain boundaries. However, in uniaxial testing to extensive strain
levels, the original grain boundaries become apparently decorated by large
numbers of small grains, i.e. the process will proceed to recrystallisation. In
contrast, not even thin recovery zones can be discerned in optical microscopy
from areas that were not significantly loaded or strained, like in the heads of
uniaxial specimens or outside the notch tip region of the CT specimen.
There appears to be no reason to expect particular problems related to the
formation of the recovery zones (and in extreme case, partial recystallisation) of
the overpack material. However, to make sure that this indeed is the case, the test
program will be extended over several additional 5000 h cycles for the CT
specimen testing.

=50 μm; BC; Step=0,2 μm; Grid723x267

=50 μm; IPF; Step=0,2 μm; Grid723x267

Fig 12. The joint line tip region of FSW after 5040 h at 175°C, shown as a pattern
quality map (top), and as an inverse pole figure map (below)
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=100 μm; BC; Step=0.5 μm; Grid726x264

=100 μm; BC+E1-3+E1-3; Step=0.5 μm; Grid726x264

=100 μm; Default Map; Step=0.5 μm; Grid726x264

Fig 13. From the top: pattern quality map; Euler color map (with twin boundaries
marked by yellow); and inverse pole figure map of the joint line tip region in the
CT specimen CS3 after 10000 h at 175°C
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Fig 14. Forescatter detector images of the joint line tip (top) and adjacent region
(below) after 10000 h at 175°C
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Fig 15. Microstructure at the neck of specimen K2 centre (19265 h at 175°C/ 126
MPa); note stretched original grains with zones of small grains on the boundaries

Fig 16. As in Fig 15, away from neck; note gb zones and reduced stretching
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Fig 17. As in Fig 15, specimen head with no obvious gb zones or stretching

Fig 18. Detail of the grain boundaries in the specimen of Fig 15; note gb
migration and the adjacent zone with elevated P content (narrow kinky band).
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Fig 19. Detail of the grain boundaries in the specimen of Fig 15

Fig 20. Joint line tip of the weld (FSW) after 5040 h of testing (CT, 175°C)

19 (26)
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Fig 21. Adjacent region to that in Fig 20; note local gb widening (recovery)

Fig 22. Joint line tip of the weld (FSW) after 10000 h of testing (CT, 175°C)

20 (26)
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Fig 23. Detail from the joint line tip region of Fig 22 (CT)

Fig 24. Detail of the joint line tip region on the other side of the CT specimen
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3.4

Modelling for strain and life assessment
Most simple creep models attempt to provide a single function, where strain or
strain rate is given as an expression separable in stress and temperature.
Simplicity in the modelling is of value not only in fitting of the experimental
creep data and in derivation of analytical modifications, but more importantly
because the model is then easier to apply in numerical (finite element) component
analysis. However, simplicity should not excessively compromise the required
predictive accuracy.
Here two models have been implemented for the purpose, namely the MansonHaferd-Grounes (MHG) model and the logistic creep strain prediction (LCSP)
model. The MHG model for time tε to (true) strain ε at (true) stress ı and
temperature T is defined as
[log(tε)-C]/T =a0+a1·ln(σ)x+a2·ln(ε)y

(1)

This work is restricted to multi-linear combinations of T, σ and ε. For this
expression C, a0, a1, a2, x and y are fitting constants, and of these x and y are low
non-negative integers. This simple form of the model only involves four true
fitting constants.
The LCSP model, also originally validated for ferritic steels, predicts time to
specified strain and can be obtained from rupture data or rupture models as a
baseline. The method is robust, providing the full family of creep curves from the
corresponding rupture model combined with minimised needs for creep strain
data. The shape of the creep curve is modelled with three additional parameters
for each creep curve or curve family. The model also offers an opportunity to
apply the post-assessment tests of ECCC and of PD6605 of BSI. With sufficient
confidence with the shape parameters, the LCSP model can then be used to
predict time to rupture from relatively early creep strain data.
The LCSP method defines time to strain ε at (engineering) stress σ and
temperature T as
log(tε ) =

log(α ⋅ tr ) + β
−β
log(ε ) p
1+ (
)
x0

(2)

where tε is time to strain ε, tr time to rupture and x0, p, β, and α are fitting factors.
In the simplest form of the model the fitting factors are constants, but usually at
least x0 and p are functions of temperature and stress level. The equation (1) can
be inverted to give

log(ε t ) = (LTF − 1)

1/ p

LTF =

log(α ⋅ tr ) + β
log(tε ) + β

⋅ x0

(3)

(4)
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By differentiating Eq. 3 with respect to time, the resulting strain rate as a function
of stress and temperature can be written as

ε& = −ε ⋅ k1 ⋅ k 2 ⋅ x0

(5)

1
p

k1 =

( LTF − 1)
p

k2 =

log(α ⋅ t r ) + β
(log( tε ) + β ) 2 ⋅ tε ⋅ ( LTF − 1)

(6)

(7)

The LCSP model factors for Cu-OFP are shown as a function of temperature and
stress Table 2.
Table 2. LCSP fitting factors for Cu-OFP
x0(σ,T)

p(σ,T)

-7.87+6.23⋅log(σ)-3330/(T+273

7.04+1.27⋅log(σ)-2760/(T+273)

ȕ

α

11

1.1

The accuracy of a creep rupture model can be described by the root mean square
(RMS) error calculated from the predicted time to rupture. Similarly, the model
accuracy of the predicted time to specified strain can be described as
RMS =

∑ (log(tε

) − log(tε − predicted ) )

2

− actual

(7)

n

where n is the number of data points. The fitting efficiency is the better the
smaller is the scatter factor Z, defined as

Z = 102.5⋅RMS

(8)

For a time to rupture assessment a scatter close to Z = 2 is considered good. Such
values are possible for homogeneous test data, but for multicast mixed continuous
and interrupted data it can be expected that Z > 6.
The previously outlined model for initial strain was fitted to the extended data set
for the parent material (Fig 25).
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Fig 25. The initial strain model fitted to the tensile stress strain curves
One of the main tasks has been to establish a large enough database for evaluating
long term creep and creep rupture of Cu-OFP. This turns out to be a challenging
task since the stress levels and/or temperatures to reach rupture for this material
within possible time frames bring the material close to the power law breakdown
at high stresses or temperatures, requiring extensive extrapolation in stress,
temperature and time. However, this modelling was done apparently with fair
success (Fig 26)
In the model, the rupture master curve can be used for describing the expected
creep strain (and rate) with the new creep strain model (LCSP). In its basic form
the LCSP model optimises a logistic non-linear asymmetric transition function
fitted in logarithmic strain against a time temperature parameter (TTP), giving
time to specified strain. Unique features of the model include its closed form
solutions for strain and strain rate. This facilitates investigations of e.g. design and
response to defects in long term service.
An attempt was made to use the model for life prediction at the level of 100°C /
50 MPa. By setting the critical strain at 10%, the corresponding time to this strain
is predicted to be 1.05 million years.
The predicted creep curve by the LCSP model is demonstrated for the uniaxial
creep tests K2 (Fig 27). A comparison between predicted and measured strain
evolution is shown in Fig 28 for the longest uniaxial test V1. The new model is
also being translated to FEA code to facilitate life assessment of complex cases.
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Fig 26. Larson-Miller parametric (PLM) representation of the rupture data for
Cu-OFP (parent); the red circles represent the extrapolated PLM values used in
the creep life and strain evolution at 100°C, 50 MPa for Cu-OFP.
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Fig 27. Modelled creep strain curve for test K2 (126MPa / 175°C)
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Fig 28. The model fitting accuracy for the LCSP model fitted on test V1 (151°C /
120 MPa)

4

Conclusions and summary
The microstructural evolution of both parent metal and the weld (FSW) of CuOFP has been inspected from uniaxial and multiaxial creep testing specimens,
also using techniques such as EBSD microscopy that can resolve differences in
crystallographic orientation between and within the grains. The results from
extended creep testing confirm the earlier indications of microstructural changes
in Cu-OFP at relatively low temperatures (150-175°C) well within one year.
These changes are probably related to recovery processes directed by the
favourable crystallographic orientation on one side the related grain boundary,
resulting in characteristically widening grain boundary zones. With extended
straining, these zones appear to transform to chains of small grains decorating the
original grain boundaries. None of the features in the microstructural changes
observed so far suggest particular related disadvantages in terms of remaining life.
In creep testing with natural weld defects (FSW, an inclusion sheet about 20% of
specimen cross-section), the testing program has been completed with the longest
test of 16 650 h. The results confirm the trend of much faster decreasing creep
strength in time than what is observed for base material or welds without defects.
This is the case even when the weld defects do not involve full discontinuity
(crack) and do not affect short term strength. Extrapolation to expected maximum
peak stress levels of about 50 MPa across such a defective region would still
suggest a safe life of approximately 26 000 years in spite of much elevated testing
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temperature (175°C) from expected service temperature (below 100°C).
Nevertheless, the effects of the defects are thought to remain of interest, partly
because the defect size is well below the resolution of normal NDT, and because
the impact on creep life appears to increase with time.
For predicting mechanical behaviour, an improved creep model has been
developed to better include the strong initial (primary) part of the creep curves.
The model exhibits simultaneous advantages of good fitting accuracy and
robustness for FEA application. The model has been adapted to the most recent
creep testing results (up to about 48 000 h in uniaxial testing). Applying this
model for the extrapolated case of steady loading at 100°C / 50 MPa predicts time
to 10% strain of about one million years.
For comparison on creep ductility, also a testing program on low-phosphorus
(OFHC) copper was initiated. The results are expected in 2007. The testing
program with model vessels was completed after confirming safe short term limit
load predictions. This program continues with compact tension specimens to
study the potential combined effect of creep and corrosion in simulated
groundwater. Also for this program the results will be reported in 2007.

References
1.

National research program on nuclear waste management, 2006-2010
(KYT2010), Framework program for the research period 2006-2010,
26.9.2005. KYT - management committee, Finland (in Finnish).

2.

Auerkari, P., Holmström, S., Salonen, J. & Nenonen, P. Creep performance
of OFP copper for the overpack of repository canisters. 29th International
Symposium on the Scientific Basis for Nuclear Waste Management (MRS
2005), September 12-16, 2005, Ghent, Belgium. 8 s.

3.

Yoon, K.B., Lee, J.S., Saxena, A., 2004. Creep crack growth life estimation
of a surface crack in pressure vessels. Baltica VI: Int. Conf on Life
Management and Maintenance for Power Plants, Helsinki-Stockholm 8-10
June 2004, Vol 2, p. 609-621.

www.ski.se

S TAT E N S K Ä R N K R A F T I N S P E K T I O N

Swedish Nuclear Power Inspectorate
SE-106 58 Stockholm
Klarabergsviadukten 90
TELEFON/TELEPHONE +46 (0)8 698 84 00
TELEFAX +46 (0)8 661 90 86
E-POST/E-MAIL ski@ski.se
WEBBPLATS/WEB SITE www.ski.se
POST/POSTAL ADDRESS
BESÖK/OFFICE

