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ABSTRACT 

In the event of a severe core meltdown accident in a pressurized water reactor (PWR), core material can 
relocate into the lower head of the vessel resulting in significant thermal and pressure loads to the vessel with the 
possibility of the release of core material towards the containment. The determination of the mode, timing, and size 
of lower head failure is of prime importance in the assessment of core melt accidents as they define the initial 
conditions for ex-vessel events such as core/basemat interactions, fuel/coolant interactions, and direct containment 
heating. Of equal importance is the understanding of the mechanism of lower head creep deformation and failure, as 
well as developing predictive modeling capabilities to better assess the consequences of ex-vessel processes should 
lower head failure occur. 

In the framework of a research programme in partnership with IRSN and EDF, an original characterization 
programme of vessel steel tearing properties at high temperature based on tearing tests on Compact Tension (CT) 
specimens has been conducted. The aim of this experimental study is to complete the mechanical properties database 
of 16MND5 steel and to contribute to the definition of a tearing criterion of French RPV steel at temperatures 
relevant of severe accident conditions. 

The paper presents the experimental programme conducted on various French RPV 16MND5 steels for 
temperatures ranging from 900°C to 1100°C. The influence of metallurgical composition on the kinetics of tearing is 
investigated as a previous work on different RPV steels has shown a possible loss of ductility at high temperatures 
depending on the initial chemical composition of the vessel material. 

INTRODUCTION 

In PWR severe accident scenarios, involving a relocation of corium (molten core materials) into the lower 
head, the possible failure mode of the RPV, the failure time, the failure location and the final size of the breach are 
regarded as key elements, because they play an important role in determining the loading, the ex-vessel phase of the 
accident and possible rupture of the containment (Fig 1).  

 

 
Figure 1 :RPV failure with corium 

 
During a severe accident, the integrity of the reactor pressure vessel is threatened by the corium pool at the 

base of the vessel. The temperature exchange could result in local heating or partial melting, leading to the initiation 
of a breach in the zone of the vessel with the highest temperature. 
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The vessel failure, also depending on the primary pressure, can be initiated either by plastic instability or 
creep mechanisms. 

Since the TMI accident that occurred in the United States in 1979, many theoretical and experimental 
investigations, relating to lower head mechanical behaviour under severe thermo-mechanical loading during a core 
meltdown accident have been performed. Mechanical analysis of the vessel failure process faced difficulties related 
to failure criteria and to the material data used. The need to better understand the physical phenomenon relating to 
lower head deformation led CEA to launch in 1995 the research programme “RUPTHER" [1] which was aimed at 
developing an improved modelling of the vessel behaviour. The experimental programme included the 
characterization of the French PWR vessel steel 16MND5 at high temperatures and identification of model 
parameters intended to describe the local material behaviour. This modelling was based on a description of the 
plasticity and considers creep, possibly coupled with a damage variable. To validate the models, tests were 
performed on 16MND5 steel tubes in mechanical situations featuring the same basic characteristics as during the 
severe accident scenarios (pressure and thermal load). 

This type of mechanical analysis can be used to consider material behaviour up to failure initiation 
characterized by the beginning of the opening of the vessel. Nevertheless, the analysis has its limits for the 
description of breach propagation at high temperatures.  

Despite this effort, some key issues concerning the severe accident management had not been sufficiently 
investigated and particularly the phenomenology and kinetics of vessel breaching and the final state of the RPV 
(small hole or "guillotine" break). In order to assess the risks of complete unzipping of the vessel, which are of major 
safety concerns with regards to molten corium ejection and ex-vessel initial conditions, there was a need to calculate 
the breach propagation in the RPV, and therefore the final breach section.. 

In order to characterize the timing, mode and size of a possible lower head failure (LHF) during a core 
meltdown accident, several large-scale LHF experiments were performed under the USNRC/SNL LHF programme 
[2]. In the framework of the LHF and OLHF (OECD-LHF) programmes, one fifth scale lower head vessel failure 
experiments were performed by Sandia National Laboratories on hemispherical specimens, subjected to internal 
pressure and thermal loading with maximum temperature close to 1000°C [2],[3]. The CEA participation in these 
programmes was on the one hand the interpretation of the experimental results, either employing simplified 
energetic models or 3D finite element models and on the other hand to characterize tensile and creep behaviour to 
determine the model parameters (Fig. 2). 

 

 
Figure 2 :Characterization creep tests on LHF/OLHF steels 

 
These experiments revealed the existence of variability in material failure behaviour at high temperatures 

(loss of ductility). Indeed, considering different steels with the same specification (SA533B1), slight differences in 
chemical composition (trace elements) led to significantly different failure behaviours. This material failure 
variability, encountered in uniaxial tensile tests, showed that LHF steel was less ductile than OLHF steel. Similar 
differences were also observed in the framework of the RUPTHER programme, conducted on different generations 
of PWR pressure vessel steels with different sulphur contents.  

First numerical interpretations of Sandia’s experiments clearly showed that a failure criterion using a strain 
parameter was more suitable for the OLHF material (more ductile) whereas for the LHF material, a failure criterion 
using a damage limit was more appropriate. More recent interpretation has not improved predictions in the case of an 
unstable breach which leads to a total circumferential unzipping of the lower head. 

The RUPTHER, LHF and OLHF experiments were made on vessels or tubes under pressure, in which the 
response to the loading was dynamic. Simpler quasi-static tests are needed in order to characterize the PWR vessel 
steel tear resistance at very high temperatures.  

The objective of this study is to obtain tearing parameters by experiments on Compact Tension (CT) 
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specimens and to look at their dependency on the metallurgical compositions of the 16MND5 steel used in the 
French RPV. After having performed an inventory of the different French RPV steels, two of them having different 
sulphur contents [4] were chosen for the tests. 

PROPAGATION KINETICS STUDY IN TERMS OF TEARING 

Once the breach is formed, with its geometrical singularities, fracture mechanic approaches can be used. In 
this framework, due to the complexity of the problem and as the behaviour is nonlinear, we focus on an analysis 
based on energy calculations (global approach) with the J integral. Conventionally, the tearing behaviour is 
characterized by curves representing J versus the crack growth ∆a. However, many studies show that there is a 
problem of transferability of the experimental characterizations of small specimen to structure components because 
it turns out that the J-∆a curves depend on the geometry, of the triaxiality, and thus do not constitute an intrinsic 
material characteristic. 

In the framework of a thesis [5], Marie proposed to consider the energy dissipated in the fracture process, 
per unit of crack area, without taking into account the part of the plastic energy dissipated in the structure. This 
criterion was formulated into several formulation, consisted with different level of accuracy. An engineering scheme 
has then been proposed, which can be graphically explained: This dissipated energy, on transition from state Ai to 
state Ai+1 (for crack growth δa), corresponds to the plastic part of area AiBiAi+1Di, between the load-displacement 
curves for crack lengths ai and ai+δa (Fig. 3), which can also be obtained by considering the variation of the plastic 
part of J during a crack growth (from ai to ai+δa).  
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Figure 3 : Calculation of the energy dissipated in crack growth 

 
This variation is linked to the crack growth δa by a constant which is a material parameter, called Gfr. It 

allows us to define a propagation criterion expressed by Eq.1: 
 

 )a(J)aa(JaG plplfr −δ+=δ⋅  (1) 
 

In Marie's scheme, identification of the tearing behaviour can be summarized with the determination of Gfr 
and Ji that represents the toughness and tearing resistance of the material. These two parameters only dependent on 
the material can thus simulate tearing propagation over very large crack propagation. The calculation of the 
propagation consists of series of crack growths. 

It is important to note that this criterion was developed for ductile tearing where no viscosity effects are 
observed. In the application here, it is assumed that the viscosity effects are negligible in the CT test. It is clear that it 
is not completely right but from a pragmatic point of view, if results obtained for different specimens provide 
consistent results, we will consider that this assumption is acceptable. 

Nevertheless, it raise the question of the applicability of this criterion for high strain rate situation as it can 
appears during severe accidents, which is not discussed in htis paper. 

DESCRIPTION OF THE EXPERIMENTAL PROGRAMME 

The objective is to perform simple quasi-static tests, at very high temperatures in order to characterize the 
tearing phenomenon for the 16MND5 PWR vessel steel with the possibility of applying the Ji-Gfr approach..  

CT specimens which are often used for the experimental study of fracture mechanics have been used. With 
this type of standard specimens, the analysis of the tests can be done on the basis of sets of formulas that are already 
available, (A16 appendix of the RCC-MR [6]). However, due to the temperature, the available space in the furnace, 
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the specimen used had non-standard dimensions. Some dimensions were increased in particular to avoid the 
ovalisation of the holes where loadings were applied to the specimen. A particular machining was carried out to 
allow for the measurement of the opening of the notch since these tests are practiced at very high temperatures.  

The specimens were extracted from a 16MND5 forged steel part intended for use in a RPV vessel for the 
primary coolant circuit. Two steels have been studied within the framework of this experimental programme. The 
first steel considered will be referenced "A". The second steel referenced as "B" corresponds to an older RPV PWR 
steel with a higher sulphur content than for steel "A". Tensile tests performed at high temperatures (from 900°C to 
1100°C) on these two materials have shown reduced ductility of material "B" as measured by the total elongation 
and the reduction of area (necking) [1]; [4]. 

The specimens were pre-cracked, (a0/W ≈  0,56, practically the remaining ligament equals W-a0). They 
include notches machined in the lateral sides to impose a state of plane strain. 

The characterization of the tearing phenomenon at high temperatures was carried out in a specific furnace 
either under controlled atmosphere (argon) or with a primary vacuum (this last configuration has been retained). 
Heating is performed by 6 graphite elements. The mechanical tests are carried out when temperature is stabilized). 
This furnace is put in the frame of a servo-hydraulic testing machine whose loading capacity is 100 kN (Fig. 4). 

 

 
Figure 4 : Test facilities 

 

 

Source  

sensor 

specimen

load 

 
Figure 5 : Measurement of the crack opening displacement by a laserscan micrometer 

 
The furnace has quartz windows to allow an optical measurement of the notch opening by means of a laser 

scan micrometer: A part of the laser beam is stopped by the specimen and the part transmitted to the receiver allows 
determination of the opening of the notch (Fig. 5). 

In addition to the load and displacement sensors, the specimen is equipped with thermocouples.  
The propagation of the crack is monitored by mean of an electric potential drop (EPD) measurement in the 

vicinity of the notch. After the test, the specimen was cooled with liquid nitrogen in order to break it into two parts 
by brittle fracture. The observation of the cracked surface allows us to determinate the average crack propagation 
corresponding to the precracking phase and the subsequent tearing test (Fig.6).  

 

 
Figure 6 : Crack propagation measurementmaterial "B" experiment at 1000°C. 



Transactions, SMiRT 21, 6-11 November, 2011, New Delhi, India   Div V - Paper ID#114 

 5

The goal was to build a "calibration curve" giving a relationship between the variation of the final EPD and 
crack propagation. This curve is intended to determine, a posteriori, the evolution of the crack during each test. 

Tests were carried out with an imposed displacement of 5 mm/min until different final displacements of the 
hydraulic jack were reached so that several crack propagation lengths were achieved at the end of the series of tests.  

During the tests some dust can deposit on the quartz furnace windows and then disturb the optical 
measurement. However the measurements of the jack displacement during each experiment allowed us to obtain a 
very satisfactory estimation of the crack opening when the direct measurement (optical) was not possible (Fig.7). 
The measurement of EPD generally permits the determination of the beginning of specimen tearing despite the 
electromagnetic environment (the high amount of current necessary for heating disturbs this measurement) (Fig.7). 
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Figure 7 : Material "B" at 1100 °C 

 
Behaviour of Materials "A" at 920°C and "B" at 900°C (Fig. 8). 
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material "A" at 920°C 
final opening 16 mm 

tearing propagation 3,9 mm

 
material "B" at 900°C 
final opening 13.7 mm 
tearing propagation 6,3 mm

Figure 8 : Behaviour of materials close to 900°C 
 
Although the tests were not carried out at identical temperatures, the characterization of the behaviour for 

various final crack propagations clearly shows that the material "B" is less ductile than the material "A". For material 
“B", the load carrying capabilities decrease rapidly during the test due to the quicker propagation of the crack in this 
material. The fracture facies presented here confirm the remarks related to the test measurements. The tearing 
propagation is more significant in the case of material "B", although the final opening of the notch is smaller. 
Behaviour of Materials "A" at 1010°C and "B" at 1000°C. (Fig.9)  

The EPD measurement during the tests performed on material "A" does not allow us to detect the tearing 
initiation. The failure of this material at 1000°C appears to be due to necking and the damage occurs by formation of 
macroscopic cavities. Larger specimen is needed to observe failure closer to tear but such a specimen would not fit 
into the furnace.  
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material "A" at 1010°C 
final opening 16,9 mm 
 

material "B" at 1000°C 
final opening 11,9 mm 

tearing propagation 6,3 mm

Figure 9 : Behaviour of materials close to 1000°C 
 

Behaviour of Material "B" at 1100°C. (Fig. 10)  
 

 

 

 
material "B" at 1100°C 
final opening 11,9 mm 
tearing propagation 7,3 mm 

Figure 10 : Behaviour of material "B" at 1100°C 
 

Even at 1100°C, both the measurements performed and the fracture surfaces developed indicate the reduced ductility 
of material "B". One can see that material tearing propagation takes place without any necking. Insofar we did not 
obtain tearing at 1000°C with the material "A", we did not perform any test at 1100°C with this material.  

CHARACTERIZATION OF TEARING The A16 appendix of the RCC-MR [6],[7] proposes formulas and 
methods for the interpretation of the test results of this study and permits to calculate an experimental evaluation of 
the integral J. 

J is expressed as the sum of an elastic term Jel and a plastic term Jpl  
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The evaluation of KI is carried out by using the stress intensity factor formulation of the specimen. 
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Apl: Area under the curve representing load versus the plastic opening in the axis of the loading  
BN: Thickness of the specimen decreased by the depth of the side notches  
W: Width of the specimen 
a0: Length of the crack after precracking  
 
A procedure, founded on the studies of Marie [8], [9] is defined in the A16 appendix of the RCC-MR [6] 

and allows the determination of the Gfr parameter. It is based on the calculation of the integral J modified by Ernst 
[10], JM, which takes into account the influence of the crack length. The plastic part of JM is expressed by the Eq.2 : 

 
 csta.GJ frMpl +∆=  (2) 
For a propagation of the crack from a0 to ai, JMpl is determined in an incremental way by using the Eq 3 
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JJ    With  γ = 1 + 0.76 a/w  and b = w-a (3) 

 
Ji corresponds to the initiation of the tearing. It was determined, with the EPD measurement, (Fig.11).  
Then, by the observation of post-cracked surfaces (cf Fig.6), the average crack propagations at the 

beginning (pre-cracking value) and at the end of the tests permitted to calculate the crack growth ∆a. which was 
represented versus the final EPD measurement for building the "calibration curve ∆a (∆EPD)". Then, by 
interpolating the real-time measurement of EPD with the " calibration curve " we obtain the crack length during each 
test (Fig 11). 
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Figure 11: Determination of the beginning of tearing and of the crack growth 

 
JMpl is determined according to the formulas. The curve representing JMpl versus the crack length is fitted to 

obtain the Gfr value (Fig. 12). 
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Figure 12 : Fit of the JMpl (a) curve 

 
The interpretations of the tests performed on the 16MND5 steel lead to the following results . 
 
For material "A" 

The values could not be identified beyond 920°C. At temperatures above 950°C, the size of the specimen 
inhibits the initiation of tearing (very significant crack tip blunting). There is no effective tearing and the tearing 
parameters cannot be obtained. 
At 920°C, we obtain: Ji = 300 kJ/m2, Gfr = 74 kJ/m2 

 
For material "B" 

at 900°C:  Ji = 125 kJ/m2,  Gfr = 47 kJ/m2 
at 1000°C: Ji = 62 kJ/m2,  Gfr = 32 kJ/m2 
at 1100°C: Ji = 72 kJ/m2,  Gfr = 23 kJ/m2 
These results tend to show a significant decrease of the resistance to tearing initiation of steel "B" at 1000°C. 
They also indicate that the material referenced to "B" has less ductile behaviour than material "A". 
 

These characterization tests and the parameter identification are followed by complementary modelling in 
order to implement the Ji-Gfr approach in the CEA finite element code CAST3M [11] and to simulate the 
propagation of the breach with the final goal of confirming its transposability from specimen to structures [12]. 
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CONCLUSIONS 

The aim of the work presented is the characterization of tearing resistance at elevated temperatures of the 
PWR vessel steel (16MND5). In particular, the variability of mechanical properties with the specifications of the 
PWR vessels has been studied by investigating steels originating from reactors of different generations. It has been 
found the metallurgical composition can have a significant effect on tearing kinetics. 

The analysis has been carried out on the basis of the rules described in the A16 Appendix of RCC-MR [6] 
and evaluations of the integral J and of the energy parameter Gfr (tearing criterion) are proposed. These evaluations 
confirm that sulphur plays an important role in the loss of ductility of the steel at high temperatures.  

These tests can now be used as a basis for numerical studies with computer codes using finite elements.The 
aim is to use the Gfr criterion to simulate the tearing propagation. After being validated on the tests performed on the 
CT specimens, this modelling could then be applied to study the propagation of a breach in a vessel in the case of a 
severe accident. 

It is important to note that this criterion was developed for ductile tearing where no viscosity effects are 
observed. In the application here, it is assumed that the viscosity effects are negligible in the CT test. It is clear that it 
is not completely right but from a pragmatic point of view, if obtained results provide consistent results we will 
consider that this assumption is then acceptable. Nevertheless, it raise the question of the applicability of this 
criterion for high strain rate situations as it can appear during severe accidents, which is not discussed in this paper. 

 

ACKNOWLEDGMENTS 

This work is part of a CEA research programme partly supported by IRSN and EDF. 

REFERENCES 

[1]  Devos, J., and al., 1999, "CEA programme to model the failure of the lower head in severe accidents", 
Nuclear Engineering and Design, Vol. 191, pp 3-15. 

[2]  Chu, T. Y., and al., 1998, "Lower Head Failure Experiments and Analyses", NUREG/CR-5582, 
SAND98-2047. 

[3]  Humphries, L. L., and al., 2002,"OECD Lower Head Failure Project", Final Report, 
OECD/NEA/CSNI/2(2002) 27. 

[4]  Koundy V., and al, 2008, "Study of tearing behaviour of a PWR reactor pressure vessel lower head 
under severe accident loadings", Nuclear Engineering and Design, Vol. 238, pp 2411-2419. 

[5]  Marie, S., “Approche énergétique de la déchirure ductile”, PhD of Poitiers University, report CEA-R-
5871, 1999. 

[6]  RCC-MR design and construction rules for mechanical components of FBR nuclear islands, 2007 
edition, AFCEN, Tour Framatome, Paris La Défense  

[7]  Drubay, B., and al., 2003, "A16: Guide for defect assessment at elevated temperature", Int. J. of 
Pressure Vessels and Piping, Vol. 80, Issues 7-8, pp 499-516. 

[8]  Marie, S., and al, 2000, " Ductile crack growth simulation from near crack tip dissipated energy " 
Nuclear Engineering and Design, Vol 196, pp 293-305 

[9]  Marie, S., and al, 2002, " 2D crack growth simulation with an energetic approach " 
Nuclear Engineering and Design, Vol 212, pp 31-40  

[10]  Ernst, H.A., 1983, "Material resistance and instability beyond J-controlled crack growth", Elastic-
Plastic Fracture, ASTM STP 803, American Society for Testing and Materials, Philadelphia, Vol. 1, 
1983, pp.181-213. 

[11]  http://www-cast3m.cea.fr/ 
[12]  Nicolas, L, Locatelli, Th., Matheron, Ph., Marie, S “Use of an energetic approach for PWR lower head 

failure predictive models”, SMiRT 21, 6-11 November, 2011, New Delhi, India. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


