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ABSTRACT

The three boiling water reactors (BWR) in Oskarshamn produce about 10 % of the electrical power in
Sweden. The combination of intense radiation fluxes and high temperatures in nuclear reactors creates
an extraordinary environment. Therefore, a number of material challenges arise at a nuclear power

plant that needs to be solved in order to maintain the nuclear power production, safety and reliability.

Dissimilar metal welds can be found at a lot of places in nuclear power plants and due to reparations or
replacement some dissimilar metal welds need to be welded on site. The technical regulations for the
Swedish nuclear power plants specifies that welding of dissimilar joints shall be made with gap of at
least 1.5 mm and in horizontal position. Welding a dissimilar joint on site makes it difficult to follow
the technical regulations, therefore, the aim with this study is to determine if different welding
positions of dissimilar metal welds affect the structure and composition of the weld metal in a negative

way and to investigate the importance of a gap in the root.

In this study six samples were welded in three different welding positions, horizontal, vertical and
reversed vertical with or without a gap of 1.5 mm in the root. The samples were evaluated by non-
destructive testing, optical microscopy, chemical analysis, tensile testing, bend testing and hardness

measurements.

The results shows that two of the samples welded without gap failed the transverse root bend test, the

same samples did also have high hardness values in the root bead.

The conclusions are that the welding position, horizontal, vertical or reversed vertical does not affect
the weld negative in a noticeable way. However, the gap and a good dilution with the filler metal are

important.
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1. INTRODUCTION

The three boiling water reactors (BWR) in Oskarshamn produce about 10 % of the electrical power in
Sweden. The combination of intense radiation fluxes and high temperatures in nuclear reactors creates
an extraordinary environment. Therefore, a number of material challenges arise at a nuclear power
plant that needs to be solved in order to maintain the nuclear power production, safety and reliability.
[1] In the complex environment, the choices of right materials are extremely important and lots of
material mixes are made. Often, in primary systems a low alloyed or carbon steel is welded together
with a stainless steel in a so-called dissimilar metal weld. Due to the combination of materials a
complex structure of several different metallurgical zones can be created. These zones can have
significant differences in mechanical properties and therefore affect the lifetime of the dissimilar metal

weld.

The transitions from low alloyed or carbon steel to stainless steel in nuclear power plants are mainly
made to decrease the risk of and sensitivity to erosion corrosion. Another example when dissimilar
metal welds are used in nuclear power plants is in the transitions to small bore piping with a nominal
diameter smaller than 50 mm. The small bore piping systems are usually made of stainless steels due
to economic reasons. The difference in material costs per unit length is insignificant at such small
dimensions. [2] It is also possible to have a low alloyed pipe connecting to a valve of stainless steel or
vice versa with a dissimilar metal weld. In a nuclear power plant there is approximately 20 000 valves.
[3] Every year around 50 dissimilar metal welds are welded at the yearly outage of a unit in

Oskarshamn. [4] In total that is a big number of dissimilar metal welds.

1.1 Challenges with welding dissimilar metal welds

The knowledge of how dissimilar metal welds behave is therefore very important, both for the welds
already existing, during reparations etc., but also for construction of new nuclear power plants. In the
requirements documents of the nuclear power plants in Sweden, Technical regulations for mechanical
equipment, there is stated that (84.1.3.2): " For dissimilar joints, there shall be a gap of at least 1.5 mm
between the weld ends before start of the welding and the welding should be made in a horizontal
position and if possible in bench.” [5] These requirements are stated to ensure that the dissimilar joint
will not fail in an un-controlled manner. The requirement of 1.5 mm gap is to ensure that enough
amount of welding consumable always is added in the root bead. If not enough amount of welding
consumable is added, there is a risk that the weld will not exhibit the required mechanical properties.
The requirement of welding in a horizontal position is important to control the composition in the weld
metal and to control the mixture of the filler metal and parent metals. By practical and/or production
reasons it is sometimes difficult to fulfill the requirements in the requirement documents Technical

regulations for mechanical equipment [5].



1.2 Aim with this study
The primary goal with this study is to determine if different welding positions of dissimilar metal

welds affects the microstructure and composition of the weld metal. A second goal is to investigate the

importance of the proposed gap size.



2. WELDING THEORY AND DISSIMILAR METAL WELDS

2.1 Dissimilar metal welds

In modern steel constructions it is extremely important, and sometimes unavoidable, to perform a
durable dissimilar metal weld between low alloyed or carbon steel and stainless steel. A schematic
picture of a dissimilar metal weld is presented figure 1. When welding such dissimilar metal welds the
choice of filler metal plays a big role and usually has a composition differing from both of the parent
metals. The composition of the weld metal will therefore be a mix of the parent metals and the filler

metal at some specific ratio. [6]

A
Weld
Low alloyed or metal Stainless steel
Carbon steel
L

Figure 1, Schematic picture of a dissimilar metal weld

During welding of dissimilar metal welds it is important to control the composition of the weld metal.
From assumptions that the weld metal consists of a mix of the parent metals and the filler metal the
composition can be estimated. Narrow control of the resulting weld metal composition is important to
decrease the risk of defects in the weld, such as hot cracks or sigma phase formation. The composition
is also important to control so that the weld metal properties corresponds the required ones. The filler
metal normally used in dissimilar metal welds is over-alloyed austenitic stainless steel with a relatively
large amount of ferrite. If the welds are exposed to high temperatures or an intense thermal cycle,

nickel based alloys are usually used as filler metal. [6]

In a dissimilar metal weld between carbon steel and stainless steel it is important to reduce the dilution
with the carbon steel, in order to obtain a good microstructure. It is therefore common to not point the
arc directly on the carbon steel side, but rather to angle the torch slightly toward the stainless steel.
Another important factor to optimize during welding of a dissimilar metal weld is the interpass
temperature, i.e. the actual temperature in the already present weld bead before welding starts during
multipass welding. A common interpass temperature used when welding dissimilar metal welds is 150
°C. According to the Technical regulations for mechanical equipment [5], a requirement document for
the nuclear power plants in Sweden, it states that “for welding in primary water systems with an

operating temperature over 100 °C the inter pass temperature must not exceed 100 °C” .

Welding dissimilar metal welds faces many characteristic problems caused by structural changes and
several constitutional changes can occur during welding. Changes in the dilution ratio of the parent
metals are possible and affected by the welding conditions. During welding a stable manufacturing
and good crack resistance is important. If the dilution between the filler metal and parent metals
increases, the ferrite content will decrease in the case of welding low alloyed or carbon steel to
stainless steel with a filler metal of over-alloyed austenitic stainless steel. If the amount of stainless

steel diluted to the weld metal increases the structure can be fully austenitic and the risk of hot
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cracking increases significantly. On the other hand, if the dilution with the low alloyed or carbon steel
increases a structure with more martensite is created which is a hard and brittle structure. If the ferrite
content becomes too high, thermal ageing during operation at elevated temperatures may lead to a
transformation of the ferrite to sigma phase or as spinodal decomposition. The sigma phase is very
brittle, due to this joints used in systems that operates at high temperatures should have as low ferrite

content as possible. [6]
2.1.1 General welding of dissimilar metals

The weld metal composition is usually not uniform throughout the weld, especially in multipass welds.
A composition gradient is likely to arise in the weld metal between the two parent metals. The
solidification procedure of the weld metal is influenced by the dilution and the composition gradients,
this is important with respect to hot cracking. When designing a dissimilar metal weld final weld metal

and the mechanical properties must be considered. [7]
The factors that usually are responsible for failure of dissimilar metal welds are: [8]

e Alloying problems and formation of brittle phase and limited mutual solubility of the two
metals

e Widely differing melting points

e Differences in thermal expansion coefficients

e Differences in thermal conductivity

Selecting an appropriate filler metal is important when producing a dissimilar metal weld that is
expected to perform well in service. It is important that the filler metal is compatible with both of the
parent metals and capable of being added with a minimum amount of dilution. The Schaeffler diagram
is normally used to predict the microstructure of the weld metal and to predict and select a proper filler

metal when welding a dissimilar metal weld of low alloyed or carbon steel to stainless steel. [7]

When designing a butt weld to a dissimilar metal weld, attention must be given to the melting
characteristics of the both parent metals and the filler metal, as much as to the dilution effect. Large
joints will permit better control of the molten weld metal, decrease the dilution and provide room for
control of the arc for good fusion. It is important that the joint design provides appropriate dilution for
the first few passes. Inadequate dilution could give a layer of weld metal with inappropriate

mechanical properties, especially if the dissimilar metal weld will be exposed for cyclic stresses. [7]

It is not unusual for dissimilar metal welds to have a failure in shorter time than the expected lifetime.
Most of the failures of a dissimilar metal weld between austenitic steel and low alloyed steel occur in
the HAZ on the low alloyed steel side, close to the weld interface. Theses failures usually fulfill one or

more of the following criteria: [7]



e High stresses resulting in creep at the interface between the weld metal and parent metals due
to differences in thermal expansion.

e A weakening in the HAZ on the low alloyed or carbon steel side due to carbon migration from
the low alloyed steel side to the austenitic steel side.

e Oxidation at the interface that is accelerated by the presence of the stresses induced by the

welding.

A chemical composition gradient is likely to arise in the weld metal and especially close to the parent
metals. If the dissimilar metal weld is operating at an elevated temperature interdiffusion between the
parent metals and weld metal is possible which could result in a modified microstructure. This is can
happen when an austenitic stainless steel is used as a filler metal. Chromium that has a greater affinity
to carbon than iron, therefore it is likely for the carbon to diffuse from the parent metal to the weld
metal during temperatures above 425 °C. Carbon migration usually takes place during post-weld heat

treatment or when operating at elevated temperatures. [7]

The parent metals and the weld metal has different corrosion behaviors that must be considered when
producing a dissimilar metal weld. For example a galvanic cell could be created and trigger corrosion
of the most anodic metal or the most anodic phase in the weld. Corrosion at a microstructural level is
possible in the weld metal that usually consists of several different microstructural phases. To avoid
galvanic corrosion the composition of the weld metal could be changed to provide a cathodic
protection to the parent metal that is the most vulnerable to corrosion attack. A cathodic protection is a

good option as long as it does not threaten the mechanical properties of the dissimilar metal weld. [7]

2.2 The Heat-affected zone

The heat-affected zone (HAZ) is the unavoidably heat treated area in the parent metal near the fusion
zone during welding where structural transformations occur. [9] The properties of the HAZ are very
important after performing a weld, because it is often there the failure occurs. Depending on the
distance from the weld, the different parts of the HAZ will be affected differently during the welding
thermal cycle. The HAZ can be divided into four different zones that are subjected to different heat
treatments, see figure 2. The width of the different zones in the HAZ depends on the preheating level
or interpass temperature and the specific heat input of a particular welding procedure it also depend on
forced cooling or the a lack of forced cooling, the size of workpiece, thickness and so on. [10] A

general width of the HAZ ranges from one up to a few millimeters. [9]
The four zones are: [10]

e (Coarse grain zone, 1200 °C to Tsojidus
Complete transformation to austenite and grain growth. Lowest toughness in the HAZ.
e The normalized zone, A; (transformation from austenite to austenite and ferrite) to 1200 °C

Complete transformation to austenite, during cooling a fine grained structure is formed.



e The partially transformed zone, A; (transformation from austenite and ferrite to ferrite and
cementite in low carbon steels) to A
Partially transformation to austenite, somewhat larger grain size than the normalized zone.
e The annealed zone, up to 600 °C

Insignificant changes of the parent metal

Solidifed weld

Sold-liquid transition zone

? ..................
-
& Grain growth
5 (CGHAZ)
[
&
£ pl R e
2 " Recrystalised
'
§ Noor ge--testllll < AC; Partially transformed
o " 'T‘_' (ICHAZ)
- "1 Over-tempered
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Figure 2, Schematic picture of the heat-affected zone [11]

The mechanical properties and microstructures of the HAZ have its origin in the thermal heat

treatment during welding and primarily depend on: [10]

e The position in the joint
e The heat input

e The thickness of the joint
e The joint-type

e The preheating temperature (if it is used)

2.3 Schaeffler constitutional diagram

Estimation of properties and microstructures for austenitic stainless steel has been the topic of many
studies, and eventually lead to the Schaeffler constitutional diagram, see figure 3. The Schaeffler
diagram [12] was first published in 1949 and has since that been used to predict the ferrite content in
austenitic stainless steels. The diagram is composed of phase fields and isoferrite lines. The elements
that are used to calculate the nickel equivalent promotes the formation of an austenitic structure and
the elements that are used to calculate the chromium equivalent promotes the formation of a ferritic
structure. The nickel and chromium equivalents give together an estimation of the ration between the
different phases in the microstructure. Today the diagram is most used to predict ferrite content in
dissimilar metal welds. [13] A proper amount of ferrite in the weld metal is essential. The ferritic
structure inhibits hot-cracks in the weld metal since it is able to incorporate elements such as sulfur
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and phosphor which otherwise can segregate in the weld metal and increases the risk of cracks when
the residual stresses increases. The negative effect of ferrite is that it could be attacked by selective
corrosion in corrosive media. The grain boundary ferrite is continuous from around 10 % and
upwards, it is in those cases selective corrosion can lead to fracture. 2-10 % ferritic structure in a

stainless steel weld metal is desirable. [14]

Another common constitutional diagram is the DeLong diagram that was published in 1974. The
DeLong have two major improvements, the ferrite content is calculated as magnetically based ferrite
number (FN) and the nickel equivalent include nitrogen content. However, the DeLong diagram is
valid for a more narrow range of compositions than the Schaeffler diagram. This makes the Schaeffler

diagram more suitable for dissimilar metal welds. [13]

Since the development of the Schaeffler diagram and DelLong diagram some research has been made
to develop the diagrams, since they are very useful. First was the WRC-1988, which more or less can
replace the DeLong diagram. An improvement of WRC-1988, WRC-1992, has been developed to give
more accuracy to stainless steels that have a significant copper content and the diagram have extended
axes for improved prediction of FN-numbers for dissimilar metal welds. [13] However, it should be
noted that the different diagrams just give a prediction and for dissimilar metal welds between low
alloyed or carbon steel and stainless steels the Schaeffler diagram can be used successfully. More
exact measurements of the ferrite content in the weld metal can be made by using instruments that take

advantage of the ferromagnetic properties of the ferrite phase such as a ferrite scope. [7]
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Figure 3, Schaeffler constitutional diagram for stainless steel weld metal [15]



2.4 Tungsten inert-gas arc welding

Tungsten inert-gas arc welding (TIG) is a fusion welding method that was developed in the late
1930's, see figure 4. [7] The TIG-method is characterized by its high quality weld metal deposits,
great precision, superior surfaces and excellent strength. TIG is the most common welding method
used for pipes and tubes with a wall thickness from 0.3 mm and upward. [8] In the TIG-method a non-
consumable electrode of tungsten or tungsten alloy is used, in comparison to other common welding

methods where the filler metal also is the electrode. [7]

CURRENT
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Figure 4, Schematic picture of tungsten inert gas arc welding [16]

To prevent oxygen in the air from oxidizing the weld pool and the heated material, a shielding gas is
used during TIG-welding. The shielding gas is also important to promote a stable metal transfer
through the arc, the shielding gas commonly used for TIG-welding is argon. The root side of the weld
also needs protection from oxidizing in form of a backing gas during the production of the first weld
beads. The backing gas helps the weld bead to form correctly and keep the weld bead from becoming
porous or crack. The backing gas that gives the lowest levels of oxidation is a mixture of nitrogen and

hydrogen, usually 90 % N, and 10 % H, [8].
The TIG-welding method has some great advantages, they are: [7]

e Produces a high quality and a low-distortion weld

e Free of splatter that is associated with other methods

e Can be used with or without filler metal

e (Can be used in a wide range of power supplies

e Can weld almost all metals, including dissimilar metal welds

e Gives precise control of welding heat

Even if the TIG-method is a very high quality welding method there are some limitations that could be

summarized as: [7]

e Creates lower deposition rates than consumable electrode arc welding processes



Demands somewhat more skill and welder coordination than gas metal arc welding or shield
metal arc welding when welding manually

Less economical than consumable electrode arc welding for sections thicker than 9.5 mm
Challenging in draughty environments due to difficulty in shielding the weld zone properly

Tungsten inclusions can be created if the electrode make contact with the weld pool



3. STRESS CORROSION CRACKING OF STAINLESS STEEL — A LITERATURE STUDY

A lot of research is going on in the world of nuclear energy business and of course a lot of other
research that could be applicable in the nuclear energy field. The current nuclear reactors are getting
older and are in need of methods for repairs, replacements and upgrades, at the same time as new
nuclear reactors are built. Welding of dissimilar metal welds is important in all of the cases. Welding
of dissimilar metals in a nuclear environment is often made with a nickel based filler metal if the joint
is subjected to an elevated temperature. If the joint is working at a lower temperature the weld is more

often made with a filler metal of austenitic stainless steel with high ferrite content.

The three sites with nuclear power plants in Sweden collaborate in the field of materials research with
respect to nuclear safety issues, to ensure safe and stable operation in a forum called Swedish Utilities
Materials Group (MG). One of the priority areas is intergranular stress corrosion cracking (IGSCC)
propagation to have as a background to failure analysis. The units Oskarshamn 2 and Oskarshamn 3
have test loops are installed in re-circulation system 321, the cooling system for a shutdown reactor.
The test loops consists of five vessels in each unit and are used to test different kinds of materials and
their resistance to crack initiation or crack growth due to IGSCC at authentic BWR environment. The
test loops are the only ones of its kind in the world, so the test results are coveted worldwide. The tests
that are carried out are often long-term tests with an operating time of up to 100 000 hours. Different
types of test specimens are used, but the two most common are bolt-loaded compact-tension

specimens and 3-point-bend specimens.

One project within MG considers stress corrosion cracking tests of stainless steel weld metal 308LSi
with low ferrite contents. The purpose of the study is to investigate how the sensitivity for IGSCC is
affected if the ferrite content is lower than 5 %. The study is still ongoing but the first results shows
that the average crack propagation rate increases with decreasing ferrite content. The results also
shows that the percent engagement of the crack, i.e. an indirect measure of the specimens
“willingness” to initiate cracking, is larger for the specimens with lower ferrite content than those with
higher ferrite content, the cracks had spread over the whole crack front. The results indicate that there
is a connection with the ferrite content and the susceptibility for intergranular stress corrosion
cracking. The susceptibility for cracks due to different ferrite contents is important also for dissimilar
metal welds. Usually a ferrite content over 2 % is desirable but the results from this study clearly show

that a ferrite content over 5 % is better. [17]

There is a complex environment in a nuclear power plant that occurs due the combination of the water
chemistry, temperature and radiation. Welds are often vulnerable and are usually the weak link in a
construction. In an article by Zinkle and Was the materials challenges in nuclear energy is compiled.
The three major materials challenges for continued safety and reliability at the nuclear power plants all

over the world are summarized in three points: [18]

e Improved understanding of the corrosion mechanisms and stress corrosion cracking of

austenitic stainless steel and nickel base alloys
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e Improved understanding of radiation hardening and degradation in ductility and fracture
toughness of complex structural alloys

e Improved fuel systems with more reliability and accident tolerant issues

As mentioned above, these problems arise due to the extraordinary environments for materials in the
nuclear reactors. The materials have to manage an environment that is a combination of high
temperatures, high stresses, intense radiation fluxes and a coolant. It could be noted that historically in
the nuclear power plants, the main materials degradation problems that have arisen in boiling water
reactors (BWR) are intergranular stress corrosion cracking (IGSCC) of pipes. One of the factors
contributing to IGSCC in pipes is weld-induced residual stress. In all major systems exposed to an
environment with water, corrosion can occur in all sorts of alloys such as stainless steel, carbon and

low alloyed steels, nickel based alloys and zirconium alloy fuel cladding. [18]

Stress corrosion cracking (SCC) arises due to a combination of three factors that are; a susceptible
material, corrosive environment and tensile stresses as seen in figure 5. In dissimilar metal welds the
residual stresses that arise from welding can be large enough to induce SCC if the other factors are

fulfilled. SCC tends to develop more rapidly at higher temperatures than at lower temperatures, the

process is thermally activated and can be represented by Arrhenius' law with the correlation: e %,
where T is temperature. In BWR chemistry, materials tend to be susceptible to SCC at temperatures
above 100 °C. The operating method and temperature in a nuclear power plant are also factors that
contribute in significant manner to SCC. The concentrations of oxygen and hydrogen, the corrosion

potential, impurities and the pH balance of the solution play important roles in this process.

Figure 5, The factors that gives SCC

One common material in a nuclear power plant is the austenitic stainless steel 316L. Therefore
naturally, a lot of studies are made with 316L. The susceptibility to SCC in the HAZ of the 316L
material is evaluated by Abreu Mendinca Schvartzman et al. in an environment of the primary circuit
of a pressurized water reactor (PWR) at 303 °C and 325 °C [19]. TIG-welded samples were analyzed
by optical microscopy and slow strain rate to analyze the susceptibility to SCC. The study concludes
that the HAZ of AISI 316L was susceptible to SCC. The tests showed that at the higher temperature
the samples were exposed to the more susceptible to SCC due to lower mechanical properties and
strength. Even though the primary circuit of a PWR differs from the BWR environment in the case of
temperature and pressure, 288 °C in a BWR it is concluded that a higher temperature makes 316L
more susceptible to SCC. [19]
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The crack growth rate is an important factor in a nuclear power plant due to the long operation times.
A study by del P Fernandez et al. [19] has reviewed the growth rate of SCC. In the study ferritic steel
was welded together with austenitic stainless steel in a dissimilar metal weld. A buttering layer with
nickel based filler metal was first welded on the ferritic steel side before the two parent metals was
joined together by TIG with the same filler metal as the buttering layer. The welded samples were
subjected to a cyclic load in a simulated BWR environment. The study concluded that a crack grows

preferably on the ferritic steel side. [20]

The advantages of a nickel based filler metal between low alloyed and austenitic stainless steel is well
known due to the better impact fracture energy. It is shown by Hajiannia et al. [21] that in a weld
between low alloyed steel and austenitic stainless steel a nickel based filler metal is to prefer compared
to an austenitic stainless steel filler metal. In the weld with the austenitic stainless steel filler metal a
thin martensite layer with high hardness is found in the fusion line, but no martensite layer is found in
the weld with the nickel based filler metal. All tensile tests were as would be expected broken in the
HAZ on the low alloyed steel side. The nickel based weld also had the highest impact energy.
However, the highest and the lowest hardness values were found in the weld with nickel based filler

metal. [21]

The presence of a martensite layer close to the fusion line in dissimilar metal welds is a well-known
phenomenon. A martensite layer is created due to a formation of intermediate compositions with high
hardenability and formed during the rapid cooling in the welding thermal cycle. The martensite layer
will create a gradient in mechanical properties along the weld interface that could be responsible for
premature failure of the dissimilar metal weld. Dissimilar metal welds are usually welded with
austenitic steel filler metal or a nickel based filler metal. The nickel based filler metal tends to give a
thinner martensite layer. A study by DuPont and Kusko, [20], has demonstrated that the nickel based
filler metal will give a steeper concentration gradient in the partially mixed zone compared to
austenitic steel filler metal. The steeper concentration gradient will force the start temperature for
martensite formation to intersect room temperature at a quite small distance within the partially melted
zone. This will stabilize austenite and cause the relatively thin martensite layer detected in the

dissimilar metal welds with nickel based filler metal. [22]

The dissimilar metal welds are known for its complex combinations of the different materials, heat
affected zone and carbon depleted zone due to the welding thermal cycle. The fracture behavior of
these dissimilar metal welds is therefore very important for safety and design point of views. Samal et
al. [23] has investigated the fracture behavior of dissimilar metal welds through analyzing single-
edged notched bend type specimens with initial cracks made at different locations. The study shows
that an initial crack at the buttering-weld interface has the lowest fracture resistance behavior because

the presence of the heat affected zone at the end of the welding area. [23]

Some areas in the field of dissimilar metal welds can successfully be analyzed by models and the use

of different soft-wares. In a study by Ranjbarnodeh et al., [24], a three-dimensional model has been
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developed to predict the temperature distribution and weld-pool geometry during TIG-welding of a
carbon steel and ferritic stainless steel. The model was then used to evaluate the effect of welding
parameters on grain growth in the heat affected zone of welded samples. The results showed that the
model had reasonable consistency with the model and the measured weld-pool geometries. The
temperature was unevenly distributed, the highest temperature occurred at the carbon steel side. At last
it was concluded that the grain size and grain size distribution was strongly related with the heat input,

higher heat input gave larger grain size and a more homogeneous grain size distribution. [24]
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4. MATERIALS USED IN THIS STUDY
In this study a dissimilar metal weld was made between the austenitic stainless steel 316L and the low

alloyed steel 15Mo3 with the over-alloyed austenitic filler metal Avesta P5, also known as 309MoL.

The austenitic stainless steel, 316L, is a common austenitic stainless steel in the nuclear power
industry. It is often used in pipes or valves in the primary and secondary water system but also as

internal parts in the reactor pressure vessel.

The low alloyed steel used in the study is 15Mo3, and is also a commonly used low alloyed steel in the

nuclear power industry. 15Mo3 is frequently used in pipes or valves in the secondary systems.

The filler metal, Avesta P5, is also known as 309L.Mo and is a common material used for filler metal

in dissimilar metal welds. The filler metal is an over-alloyed austenitic stainless steel.
4.1 Austenitic stainless steel 316L

The chemical composition for the tubes in 316L according to ASTM and according to the material

certificate is specified in table 1. For material certificate see appendix A.

Table 1, Chemical composition of 316L

Element ASTM, % Material certificate, %
Carbon, C <0.030 0.016
Silicon, Si <1.00 0.40

Manganese, Mn <2.00 1.42
Phosphorus, P 0.045 0.024
Sulfur, S 0.015 0.008
Chromium, Cr 16.5-18.5 16.78
Molybdenum, Mo 2.00-2.50 2.03
Nickel, Ni 10.0-13.0 11.17
Nitrogen, N <0.11 0.057
Cobalt, Co - 0.089
lIron, Fe Bal Bal

4.2 Low alloyed steel 15Mo03

The chemical composition for the tubes according to EN and according to the material certificate is

specified in table 2. For material certificate see appendix B.

Table 2, Chemical composition of 15Mo03

Element EN, % Material certificate, %
Carbon, C 0.12-0.20 0.18
Silicon, Si <0.35 0.20

Manganese, Mn 0.40-0.90 0.66
Phosphorus, P 0.025 0.004
Sulfur, S 0.010 0.003
Chromium, Cr <0.30 -
Molybdenum, Mo 0.25-0.35 0.28
Nickel, Ni <0.30 -
Copper, Cu <0.30 -
Nitrogen, N <0.012 -
Iron, Fe Bal

14




4.3 Filler metal Avesta P5

The chemical compositions for the welding wires according to Avesta welding and according to the
material certificate are specified in table 3 for the 2.4 mm wire and table 4 for the 1.6 mm wire. The
1.6 mm wire is used for the root bead and the first weld bead and the 2.4 mm wire for the rest of the

weld beads. For material certificate see appendix C for the 2.4 mm wire and appendix D for the 1.6
mm wire.

Table 3, Chemical composition of P5 2.4 mm

Element Avesta welding, % Material certificate, %
Carbon, C 0.02 0.012
Silicon, Si 0.35 0.33

Manganese, Mn 1.5 1.4
Phosphorus, P - 0.020

Sulfur, S - 0.004
Chromium, Cr 215 21.4
Nickel, Ni 15.0 15.0
Molybdenum, Mo 2.7 2.57
Niobium + Tantalum, Nb + Ta - 0.00
Copper, Cu - 0.10
Nitrogen, N - 0.053

Iron, Fe Bal Bal

Table 4, Chemical composition of P5 1.6 mm

Element Avesta welding, % Material certificate, %
Carbon, C 0.02 0.013
Silicon, Si 0.35 0.40

Manganese, Mn 15 1.5
Phosphorus, P - 0.020
Sulfur, S - 0.004
Chromium, Cr 215 21.5
Nickel, Ni 15.0 15.4
Molybdenum, Mo 2.7 2.59
Niobium + Tantalum, Ni + Ta - 0.01
Copper, Cu - 0.10
Nitrogen, N - 0.051

Iron, Fe Bal Bal
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5. METHOD

5.1 Calculations with the Schaeffler constitutional diagram

With the chemical compositions of the two parent metals and the filler metal, the Schaeffler diagram
can be used to estimate the composition of the weld metal. The composition of the 1.6 mm P5 filler
metal is used in the calculations, since the structure of the root bead is considered as the most
important. The nickel and chromium equivalents that are a part of the Schaeffler diagram are
calculated with equation 1 and 2 for the two parent metals and the filler metal are listed in table 6. It is
assumed that the two parent metals contributes equally to the weld pool, therefore new nickel and

chromium equivalents are calculated with equation 3 and 4 as a mean value.
Nigqg = %Ni+30-%C + 0.5 %Mn (1)

CToq = %CT + %Mo + 1.5 - %Si + 0.5 Nb + 2 - %Ti )

Table 6, Nickel and chromium equivalents for parent metals and filler metal

Stainless steel 316L Low alloyed steel 15Mo3 Filler metal Avesta P5
Nigg 12.89 5.73 16.06
Creq 19.41 0.58 24.465
. 12.89+5.73
Nigg =———==931 (3)
19.41+0.58
Crpg = ———= =9.995 (4)

Figure 6 to 9 shows the schematic sketches of the samples that are welded in this study. Sample 3 and
4 are welded with the stainless steel upwards and sample 5 and 6 are welded with the low alloyed steel
upwards. Sample 1, 3 and 5 are welded with a gap between the two base materials in the root bead
where-as sample 2, 4 and 6 are welded without gap. The figures show that maximum eight weld beads
are made. When TIG-welding is used it is assumed that 30 % of the parent metals/previous weld bead

and 70 % of the filler metal is contributing to the molten weld pool.

By assuming 30 % of the parent metals contribute to the dilution in a TIG-welding method the nickel
and chromium equivalents can be calculated for the eight weld beads. When the Schaeffler diagram is
used it is assumed that the parent metals contribute to the molten weld pool only in the first weld bead.
In the following weld beads the latest made weld bead contributes by 30 % to the molten weld pool.
The filler metal contributes to the remaining 70 % in both cases. The equivalents for the different weld
beads are showed in table 7. Note that in worst case scenario, the first weld bead of a sample welded

without gap can consist of a mix without any filler metal at all.
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Figure 6, Schematic sketch of how sample 1 (with gap) Figure 7, Schematic sketch of how sample 2 (without gap)

is welded. is welded.

SS/CS
SS/CS

CS/SS
CS/SS
Figure 8, Schematic sketch of how Figure 9, Schematic sketch of how
sample 3 and 5 (with gap) are welded. sample 4 and 6 (without gap) are welded.

Table 7, Nickel and Chromium equivalents for the different weld beads

Nigg Creg
1 14.035 20.124
2 15.453 23.163
3 15.878 24.074
4 16.005 24.348
5 16.044 24.430
6 16.055 24.456
7 16.059 24.463
8 16.058 24.464

5.2 Welding procedure specification
The samples are welded according to the welding procedure specification (WPS): OKG-1.1/8.1-004,
see appendix E. Some of the most important parameters from the WPS are listed in table 8. The

maximum temperatures of the samples between weld beads, the interpass temperature, are 100 °C, to
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decrease the risk of sensitization of the stainless steel. The samples with gap (1, 3, 5) are prepared to a
V-joint, see figure 10, and the samples welded without gap (2, 4, 6) are prepared to a U-joint, see
figure 11. The reason for choosing a U-joint to the samples welded without gap is to ensure that

enough filler metal are added to the molten weld pool.

Table 8, Parameters for welding according to the WPS

Weld | Method Filler Dimension, | Current, Voltage, V Current Velocity, Heat
bead metal mm A type, cm/min input,
polarity kJ/mm
1 141-TIG P5 Avesta | 1.6/2.0/2.4 55-75 10-12 DC- pol 3-3.6 06-1.1
n 141-TIG P5 Avesta | 1.6/2.0/2.4 85-115 105-12.5 DC- pol 4.3-6.6 05-1.2

To acquire a good quality of the welds AGA Argon is used as shielding gas and as root protection gas
AGA Fromier 10 that consists of 90 % N, and 10 % H,. The AGA Formier 10 gives, compared to pure

argon gas, a smoother root and better corrosion properties. [25]

g0° +5 .

| ——m > <l
Figure 10, Schematic sketch of V-joint. Figure 11, Schematic sketch of U-joint.

5.3 Welding procedure

Both the 316L pipe and the 15Mo3 pipe have a diameter of 114.3 mm and a thickness of 10 mm. In
total 6 different samples are welded, three of them with 3 mm gap and 3 of them without 3 mm gap.
The different positions are horizontal, see figure 12, vertical with the stainless steel on the top and
reversed vertical position with the low alloyed steel at the top, see figure 13. Table 9 gives an

overview of in which position the samples are welded and how they are denoted.

Figure 12, Horizontal position, with rotating pipe [26] Figure 13, Vertical position [26]
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Table 9, How the samples are denoted

Horizontal position Vertical position Reversed vertical position
With 3 mm gap 1 3 5
Without gap 2 4 6

5.4 Non-destructive testing

Non-destructive testing is made to ensure that there are no manufacturing defects open to the surface
or embedded in the weld or HAZ. Liquid penetrant testing is made according to the standard SS-EN
571-1 to identify discontinuities such as cracks, laps, folds, lack of fusion and porosity which are open
to the surface. In order to achieve a successfully liquid penetrant test, the surface to be investigated
shall be cleaned and dried. After that the penetrant is applied on the weld and the surrounding area so
that the penetrant can enter into discontinuities open to the surface. When the penetration time has
elapsed, in this case 20 minutes, the penetrant is removed from the surface and dried for 5 minutes.
The developer is applied with a developing time of 0 to 30 minutes. The developer absorbs the
penetrant that have entered discontinuities and give a visible enhanced indication of the discontinuity.
Before any other non-destructive testing could be performed the surface shall be cleaned carefully
after a liquid penetrant test. Acceptance criteria of indications in the weld and adjacent HAZ are

according to the standard SS-EN ISO 23277:2009 and can be seen in table 10.

Table 10, Acceptance levels for indications

Acceptance level *

Type of indication 1 2 3

Linear indication
I=length of indication

Non-linear indication

d=major axis dimension d<4 d<6 d<s

* Acceptance levels 2 and 3 may be specified with a suffix “X” which denotes that al linear indications detected shall be
evaluated to level 1. However the probability of detection of indications smaller than those denoted by the original
acceptance level can be low.

After the liquid penetrant test a radiographic test is made in order to ensure that there are no embedded
defects. The radiographic testing is made according to the standard SS-EN ISO 17636-1 Class B that
specifies techniques of radiographic evaluation using industrial radiographic film on fusion welded
joints in metallic materials. The acceptance criteria are according to SS-EN 12517-1:2006. The tests

are made with X-ray and with 9 films on each sample to cover the whole pipe.

5.5 Macroscopic and microscopic examination

A transverse section of each sample is mechanically cut so that it includes the heat affected zones of
both sides of the weld and the weld metal itself. The specimens are prepared by mounting, grinding
and polishing. After that the specimens are etched with Nital, 2 % HNO; in alcohol to reveal the
microstructure on the low alloyed steel side and the microstructure on the low alloyed steel side is

evaluated. Finally an electrolytic etching with oxalic acid 10 % H,C,O4 in water to reveal the
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microstructure in the weld and on the stainless steel side, and the weld and stainless steel side are

evaluated in light optic microscope.

5.6 Chemical analysis with EDS

In order to study the dilution between the parent metals and the filler metal in the weld, chemical
analysis of the samples are made. The analysis is made from the unaffected parent metals through the
weld metal to the other unaffected parent metal. The chemical analysis is made at three different
positions in the weld which are the root, the first weld bead and the top. The analysis is made in a
scanning electron microscope (SEM) with electron-dispersive spectroscopy (EDS). A high-energy
electron beam interacts with the specimen and an X-ray is generated, the energy created is
characteristic to the atoms in the specimens. The intensity of the created energy is measured and

compared to a reference so that the concentration of each element can be determined.

5.7 Tensile testing

To ensure that the weld metal not is weaker than the rest of the materials tensile testing is made, one
for each sample. The specimen is taken transversely from the weld joint so that the weld axis remains
in the middle of the parallel length of the specimen, see figure 14 and figure 15. It is important that the
mechanical or thermal processes to produce the specimen do not affect the properties of the specimen
in any way. It is also important that the surface is free from notches or scratches that otherwise could
induce a fracture. During a tensile testing is the specimen is subjected to a continuously growing

tensile load in room temperature until fracture occurs.

Figure 14, Schematic sketch of a tensile test specimen.
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Figure 15, Schematic sketch of how the bend test specimen and tensile test specimen are located.
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5.8 Bend testing

Bend tests are made in order to determine if the welded samples are ductile enough. The bend tests are
made according to the standard SS-EN ISO 5173. A specimen is taken transversely from the welded
joint and deformed plastic by bending, see figure 14. The tests were made in room temperature. The
bend tests are made in two directions on each sample; transverse face bend test and transverse root

bend test. All the samples were bent to an angle of 180 °.

5.9 Hardness measurements

A simple and economical way to characterize the mechanical properties and microstructure is by
performing hardness measurements. By performing hardness measurements the highest and lowest
levels of hardness can be determined. In dissimilar metal welds the hardness level of parent metals and
weld metal are determined. The most interesting part is where the transition from parent metal to weld

metal takes place and in the root bead of the weld.

A cross-section from each sample is taken transverse the weld by mechanical cutting. It is important
that the preparations of the samples do not affect the surface metallurgical by hot or cold work. After
the samples are cut they are grinded and polished in order to make as good preparation as possible.
The numbers of indentations need to be enough to assure that hardened and softened zones are tested,
i.e. that the indentations do not affect each other. The hardness indentations are performed in rows at
three different positions of the weld; the root bead, the first weld bead and the top weld. The samples
are tested with HV 0.5, except for sample 1 which is tested with HV 1. HV 0.5 means that 0.5 kg load

is applied during the hardness measurement, corresponding to 1 kg for HV 1.
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6. RESULTS

6.1 Calculations with the Schaeffler constitutional diagram

In the Schaeffler diagram, figure 16, the nickel equivalent is represented on the y-axis and the
chromium equivalent is represented on the x-axis. By plotting the points of the parent metals and filler
metal in the Schaeffler diagram, see figure 16, it is easy to get an overview of the composition range
by drawing tie lines between the points. The low alloyed steel, 15Mo3, is located in the martensitic
and ferritic area. The other parent metal, the stainless steel, 316L, is located in the 100 % austenitic
area, just on the edge to the austenitic and ferritic area. The blue tie line in figure 13 represents the
composition if only the two parent metals are melted together at different dilution ratios, which goes
from the ferritic and martensitic area, through the 100 % martensitic area. After that the blue tie line
comes in an area of austenite and martensite and will for the 316L end up in the 100 % austenitic area.
If the two parent metals contribute equally and are mixed together equally the structure will be 100 %

martensitic.

The filler metal, P5, have a structure of around 7 % ferrite and 93 % austenite. The red tie line
represents how the structure will vary with different dilutions of the filler metal. With the assumption
that the parent metals contributes by 30 % to the dilution the root bead will give a 100 % austenitic
structure, just on the edge to have a small amount of ferrite in the structure. The first weld bead will
get 30 % of the dilution from the metal in the root bead and 70 % from the filler metal, which will give
a structure of around 2 % ferrite and 98 % austenite. The following weld beads, 3 to 8, are located
very close to each other and they will have a structure of around 7 % ferrite and 93 % austenite. All
the weld beads except from the root bead fulfill the criteria of 2-10 % ferrite in the weld bead

structure.
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Figure 16, Schematic figure of the calculations with the Schaeffler constitutional diagram [16]
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6.2 Non-destructive testing
Both the penetrate test and the radiographic test are made and approved by the accredited laboratory
DEKRA Industrial [27]. For testing and acceptance procedure see part 5.2. See appendix F for the

protocol from the radiographic test and appendix G for the protocol from the penetrant test.

6.3 Macroscopic and microscopic examination

The samples were made with two different edge preparations, the V-joint for the ones with gap and U-
joint for the ones without gap. The different edge preparations will give the samples a slightly
different appearance, which are shown in figure 17-19. Figure 17 shows the V-joint in sample 5, and
figure 18 and 19 shows the U-joint in sample 2 and 6. In figure 15 the HAZ is shown clearly. The
transition from unaffected parent metal to a decrease in grain size and the line between the parent
metal and weld metal is clearly shown. In figure 17 and 19 the weld metal is etched and if one looks
carefully the individual weld beads are shown. In figure 18 the low alloyed steel is etched and an

overview of the HAZ and the transition unto unaffected low alloyed steel.

Figure 17, overview of sample 5 with etched weld metal (2x) Figure 18, overview of sample 2 with etched low
alloyed steel (2x)

Figure 19, overview of sample 6 with etched weld metal (2x)

The microstructure of all the samples looks similar in the microscopic evaluation. The microstructure
of the unaffected low alloyed steel in sample 1 is seen in figure 20 and 21. Figure 21 is an enlargement

of figure 20. A piece of sample 2 is shown in figure 22, the top of the weld with the weld metal on the
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left hand side, diagonally in the figure is the transition zone to the stainless steel. The austenitic grains

can be seen very clearly in the stainless steel parent metal on the right hand side in figure 22.
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Figure 20, unaffected low alloyed steel in sample 1 (10x) Figure 21, unaffected low alloyed steel in sample 1
(50x)

Figure 22, in the top weld of sample 2, weld metal and

stainless steel (20x)

The purpose of a weld is to join two pieces of metals and that the weld will have at least as good
mechanical properties as the parent metals. A good dilution between the parent metals and the filler
metal will help to achieve a weld metal with sufficient mechanical properties. Figure 23 is taken from
sample 3 and shows the stainless steel on the left hand side and the weld metal on the right hand side.
Figure 24 is an enlargement of the weld metal in sample 3 and there is a piece of low alloyed steel in

the weld metal that has not got molten up and mixed with the weld metal properly.
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Figure 23, in the root of sample 3, transition from Figure 24, in the root of sample 3, part of low alloyed steel

stainless steel to weld metal (5x) that is not dissolved in the weld metal (10x)

Figure 25 shows a part of sample 4 with the stainless steel on the left hand side and the weld metal on
the right hand side. The transition from parent metal to weld metal is shown on the diagonally in the
picture and happens rather quickly. A clear line where the stainless steel ends and the weld metal starts
is shown in figure 25. Since the HAZ is as important as the weld metal it needs to be studied and the
structure of the HAZ is described earlier in the report. In figure 26 the HAZ of sample 5 is viewed at
the top side of the weld on the low alloyed steel side. It is clearly seen that closest to the weld metal
the coarse grained zone is located with its grain growth. After the coarse grained zone the normalized
zone is located with its fine grained structure. An increase in grain size starts gradually and the
partially transformed zone is entered. Finally the unaffected low alloyed steel is viewed in the lower

right corner.

Figure 25, in the top of sample 4, transition from Figure 26, in the top of sample 5, HAZ on the low

stainless steel to weld metal (20x) alloyed steel side (5x)

The two figures 27 and 28 shows the difference of the two different parent metals and their transition
to the weld metal. Figure 27 shows the transition from low alloyed steel with its typical mixed
structure of ferrite and perlite and the transition to weld metal with a decrease of ferrite. An

enlargement of the grain size is seen just before the solid/liquid transition zone in figure 27. Figure 28
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shows the weld metal to the left and the transition to stainless steel in the middle of the figure, there

are the austenitic grains seen very clearly.

Figure 27, low alloyed steel and the transition to weld  Figure 28, stainless steel and transition to weld metal in

metal in sample 6 (50x) the root of sample 6 (5x)

6.4 Chemical analysis with EDS

Chemical analysis was performed on all the samples at three different positions in the weld, one in the
root bead, on in the first weld bead and one in the top weld. The results are presented in diagrams
below with the low alloyed steel on the left hand side in the figure, the weld metal in the middle and
the stainless steel on the right hand side. The iron content is displayed on the secondary x-axis on the
right hand side in the diagrams. The distance between the measuring points are 0.25 mm, the energy
used for the analysis was 20 kV and the volume of excitation was 1 um’. The time for analyzing one

measuring point was set to 30 s.

Since OKG do not have the equipment to do the measurements themselves, samples were sent to
SWEREA KIMAB. Some of the results may be questioned if they really belong to that position of the
weld. Like the root bead of sample 2 welded without gap should have a weld metal that is 11 mm wide
is not possible, especially compared to the actual weld where the root bead is measured to around 5
mm. However, the chemical analysis of the samples does look as expected excluding the width of the

different weld beads.

6.4.1 Chemical analysis of sample 1

Figure 29, figure 30 and figure 31 are diagrams for the chemical analysis in sample 1 which is welded
in horizontal position with 1.5 mm gap in the root. All three measurements display the transition from
low alloyed steel to weld metal, figure 31, for the top weld bead also displays the transition from weld
metal to stainless steel. The most remarkably in the chemical analysis of sample 1 is in the root bead,
figure 29, where it is an abruptly increase of molybdenum and manganese in the transition from low
alloyed steel to weld metal. The width of the weld metal in figure 29, root bead, is according to the
diagram more than 11 mm which could be questioned. Otherwise the diagrams from the first weld
bead and top weld bead looks as expected the analysis is a bit more unstable in the first weld bead,

figure 30, and in the top weld bead, figure 31, compared to the root bead, figure 29.
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Chemical analysis in root bead of sample 1
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Figure 29, chemical composition in root bead of sample 1
Chemical analysis in 1st weld bead of sample 1
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Figure 30, chemical composition in the first weld bead of sample 1
Chemical analysis in top weld bead of sample 1
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Figure 31, chemical composition in top weld bead of sample 1
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6.4.2 Chemical analysis of sample 2

Figure 32, figure 33 and figure 34 are diagrams for the chemical analysis in sample 2 that is welded
without gap in the root and in horizontal position. The diagram for the root bead, figure 32, shows the
transition from low alloyed steel to weld metal and then to stainless steel. The root bead of sample 2
welded without gap should have a weld metal that is 11 mm wide is not possible, especially compared
to the actual weld where the root bead is measured to around 5 mm. The diagram for the first weld
bead and the top weld bead, figure 33 and figure 34, shows the transition from low alloyed steel to
weld metal. The analyses for the first weld bead and top weld bead have a few peaks of chromium and

molybdenum at the same time as the nickel content drops. Otherwise the analyses are as expected.

Chemical analysis in root bead of sample 2
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Figure 32, chemical composition in root bead of sample 2
Chemical analysis in 1st weld bead of sample 2
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Figure 33, chemical composition in first weld bead of sample 2
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Chemcial analysis in top weld bead of sample 2
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Figure 34, chemical composition in top weld bead of sample 2

At the same time as the chemical analyses were done, a series of SEM-pictures were taken. A 5 pm
wide irregularity in form of lack of fusion can be seen in the SEM-picture of sample 2, see figure 35.

However, this irregularity is too small to make the weld weaker.

-— 10pm KIMAB
20.0kV SEI SEM WD 10mm

Figure 35, SEM-picture of sample 2

6.4.3 Chemical analysis of sample 3

Figure 36, figure 37 and figure 38 displays the chemical analyses for sample 3 that is welded with 1.5
mm gap in vertical position with the stainless steel on top. All analyses have the transition from low
alloyed steel to weld metal and in the first weld bead, figure 37, the transition from weld metal to
stainless steel is also shown. The analysis in the root bead of sample 3, figure 36, have smooth
variations due to fewer measuring points compared to the other analyses, but otherwise it looks as
expected. The first weld bead, figure 37, has a few higher peaks in the chromium and molybdenum at
the same time as the nickel content goes down. In the top weld, figure 38, the chromium, nickel and
molybdenum content goes up over the expected value just in the transition from low alloyed steel to

weld metal after that the values are stable.
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Chemical analysis in root bead of sample 3
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Figure 36, chemical composition in root bead of sample 3
Chemical analysis in 1st weld bead of sample 3
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Figure 37, chemical composition in first weld bead of sample 3
Chemical analysis in top weld bead of sample 3
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Figure 38, chemical composition in top weld bead of sample 3
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6.4.4 Chemical analysis of sample 4

Figure 39, figure 40 and figure 41 displays sample 4 that is welded without gap in vertical position
with the stainless steel on top. The chemical analysis of the root bead, figure 39, shows the transition
from the root bead to weld metal and then to the stainless steel. The width of the weld metal in figure
39, root bead, is according to the diagram more than 10 mm which could be questioned. In figure 40,
the chemical analysis of the first weld bead is very irregular both in the low alloyed steel and

especially in the weld metal. In the top weld bead, figure 41, on the other hand rather stable.

Chemical analysis in root bead of sample 4
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Figure 39, chemical composition in root bead of sample 4
Chemical analysis in 1st weld bead of sample 4
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Figure 40, chemical composition in first weld bead of sample 4
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Chemical analysis in top weld bead of sample 4
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Figure 41, chemical composition in top weld bead of sample 4

6.4.5 Chemical analysis of sample 5

Figure 42, figure 43 and figure 44 displays the chemical analyses of sample 5 that is welded with 1.5
mm gap in reversed vertical position with the low alloyed steel on top. All three chemical analyses
show the transition from low alloyed steel to weld metal. The analysis for the root bead, figure 42, is
rather stable. Figure 43 shows the analysis for the first weld bead that also is rather stable, a little
increase of chromium, nickel and molybdenum just after the transition to weld metal. The analysis in
the top weld bead, figure 44, shows the same behavior as the first weld bead with the increase of
chromium, nickel and molybdenum. The width of all the weld metals, root, middle and top are,

compared to the other samples, much smaller which could be questioned if they really are belonging to

this sample.

Chemical analysis in root bead of sample 5
20 100 __
g g
E 2
S £ —si
= o
‘D e Cr
g S
% ,g e\
= g— s N {
= <]
g ic; g\ [0
<
(@) 'g —— Fe
(5]
<
O
Distance [mm]

Figure 42, chemical composition in root bead of sample 5
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Chemical analysis in 1st weld bead of sample 5
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Figure 43, chemical composition in first weld bead of sample 5
Chemical analysis in top weld bead of sample 5

22 = 100 _
g ) A 3
ERCE - 80 32
c o P i
2 1 NN IN\Wa V. V=V 2 Mn
S di 4 - 40 B
o8 Q s N {
g 6 g
€ 4 -20 © s MO
b [
S 2+ —— 8
O e — N —— g — e

O T T <$—| T |<$—l T T T 0 E

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 O
Distance [mm]

Figure 44, chemical composition in top weld bead of sample 5

6.4.6 Chemical analysis of sample 6

Figure 45, figure 46 and figure 47 display the chemical analyses of sample 6. The chemical analysis in
the root bead, figure 44, shows the transition from low alloyed steel to weld metal and then to the
stainless steel. Figure 46, the chemical analysis in first weld bead is very irregular in the weld metal
with a dip of the chromium and nickel content and at the same time a top in the iron content. The
chemical analysis of the top weld bead, figure 47, shows the transition from low alloyed steel to weld
metal, and then a very thin section of weld metal before a transition to stainless steel. Such a small
weld metal width of the top weld compared to the width of the weld metal in the root bead could be

questioned if they are not mixed up.
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Chemical analysis in root bead of sample 6

24 100 _
T2 A\ =S
% 20 N\ \M'AAM | ..é
2 18 _J\I\N \ 80 3,
\ " g ]
S 16 g —si
£l A JORITRA———— 0 T —a
S 12 ~ S
§ 10 ~—~—~— Z —Mmn
- 8 Q=N
[} IS 1
2 6 <}
e 4 - 20 2 e\
& N 5]
5 2 ‘e e=—Fe
0 0 5
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 (@)
Distance [mm]
Figure 45, chemical composition in root bead of sample 6
Chemical analysis in 1st weld bead of sample 6
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Figure 46, chemical composition in first weld bead of sample 6
Chemical analysis in top weld bead of sample 6
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Figure 47, chemical composition in top weld bead of sample 6
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6.5 Tensile testing

Tensile tests were performed on the samples with the weld positioned in the center of the specimens.
The samples were prepared according to the schematic sketch in figure 48, with the total length of L,
the width, b, and the waist length, L.. The exact measurements of the specimens taken from the
different samples are specified in table 10. Figure 49 shows the set-up of the tensile test specimen in
the machine. The weld was located in the middle of the test specimen, despite that the fracture
occurred in the low alloyed steel, see figure 50. The yield strength and the ultimate tensile strength for
the specimens from the different samples are listed in table 11. The yield strength has a range from

359-392 MPa and the ultimate tensile strength has a range from 527-536 MPa.

Le
— -
i i
| b
o 1
— —
Liot
Figure 48, Schematic picture of a test specimen
Table 10, Parameters of tensile tests specimens
Sample b [mm] Lot [mm] L. [mm]
1 4.95 80.4 32
2 4.99 73.2 32
3 4.96 81.0 32
4 4.94 77.5 32
5 4.98 80.4 32
6 4.96 83.2 32

Figure 49, Set-up of tensile testing Figure 50, Tensile test specimen after testing
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Table 11, Yield strength and ultimate tensile strength of sample 1 to 6

Sample Ryo.2 9, [MPa] Ry [MPa]
1 385 530
2 359 527
3 374 532
4 392 536
5 392 529
6 389 536

6.6 Bend test

The bend tests were executed according to standard SS-EN ISO 5173:2009 and evaluated according to
standard SS-EN ISO 15614-1:2004 that covers the specification and qualification of welding
procedures for metallic materials — Welding procedure test — Part 1: Arc and gas welding of steels and
arc welding of nickel and nickel alloys. In standard SS-EN ISO 15614-1:2004 it is stated that flaws
appearing at the corners of the test specimen shall be ignored in the evaluation. It is also stated that
flaws larger than 3 mm in any direction is a disapproved test specimen. The approved and disapproved
test specimens are listed in table 12. Figures 51 and 52 shows a test specimen during bend testing and
figure 53 shows a fully tested specimen. To be able to see if any flaws occurred during the bend test a
penetrant test was made on the samples, see appendix H for all details about the penetrant testing
procedure. In sample 2 one indication of approximately 16 mm could be detected, see figure 54. In
sample 6 two linear indication was detected of approximately 4 mm and 3 mm with a interspace of 2-3
mm between them, see figure 55. The other samples, sample 1, 3, 4 and 5 had no indications occurred

during the bend test.

Table 12, Approved and disapproved bend tests

Sample Approved bend test Disapproved bend test
1 X

2 X

3 X

4 X

5 X

6 X

Figure 51, Bend test Figure 52, Bend test Figure 53, Bend tested sample
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ﬂ
Figure 54, Penetrant testing of sample 2 Figure 55, Penetrant testing of sample 6

6.7 Hardness measurements

Hardness measurements were made at the same places as the chemical analysis, in the root bead, the
first weld bead and the top weld. Figure 56 shows the hardness indentations that remain after the
measurements. The distances between the measuring points varies, they are closer in the HAZ and the
transition from parent metal to weld metal. The graphic illustrations of the hardness in figure 57-62
give a good overview of how the hardness varies over the sample. The highest values are found close

to the transition from parent metal to weld metal and in the root bead.

100pm KIMAB
SIM WD 10=mm

Figure 56, SEM-picture of the hardness indentations.
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Figure 57, Hardness profile of sample 1
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Figure 58, Hardness profile of sample 2
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Figure 59, Hardness profile of sample 3
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Figure 60, Hardness profile of sample 4

=48

240 - 249
23 - 240
R -an
3.2
04 - 213

186 - 185

168 - 177

=363

2808383
133.3428
5322
281-3015
260.5- 281
240 - 280.5
219.5- 240
199-218.5
1785199
158 . 1785
<158

T N S PP pow? SN i ————r )

Figure 62, Hardness profile of sample 6
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Figure 63-68 shows the hardness values measured at the three different positions of the different
samples. The average hardness value in the root bead is between 172-242 HV, with an exception for

sample 2 and sample 6 that has increased hardness in the root bead to 411 HV respectively 363 HV.

In the first weld bead the average hardness is 150-230 HV, slightly lower than in the root bead.
Sample 6 has an increased hardness of 266 HV in the first weld bead.

In the top weld of the samples, the average hardness is 160-249 HV. Sample 6 have a peak in hardness
that is 363 HV in the top weld. Since the hardness measurements were outsourced to SWEREA
KIMARB it is not possible to say which side of figures 63-68 that belongs to the low alloyed steel

versus the stainless steel.

Hardness measurements of Sample 1
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Figure 63, Hardness profile of sample 1

Hardness measurements of sample 2
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Figure 64, Hardness profile of sample 2
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Hardness measurements of sample 3
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Figure 65, Hardness profile of sample 3
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Figure 66, Hardness profile of sample 4
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Figure 67, Hardness profile of sample 5
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Figure 68, Hardness profile of sample 6
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7. DISCUSSION

The preparations before welding are important such as the structure in the weld metal. Therefore, a
discussion will be made about the use of the Schaeffler diagram and the importance in the choice of
filler metal. The welded samples are evaluated and therefore the following are discussed; the structure

in the samples, the chemical analysis and the mechanical properties of the welded samples.

7.1 The use of the Scheffler diagram

The Schaeffler diagram [12] gives a good indication on how the microstructure in a weld metal
develops, especially for dissimilar metal welds. As in this case, if the dilution with the filler metal is
not sufficient the structure will most likely end up in the martensitic or martensitic and austenitic area
instead of the desired austenitic and ferritic area, see figure 16. The root bead and the transition from
low alloyed steel to weld metal are the most likely places to find an unwanted structure like

martensite.

The technical regulations for mechanical equipment [5] have the requirement of at least 1.5 mm gap to
ensure that enough filler metal is diluted in the root bead, see page 1. So the samples welded without
gap (sample 2, 4 and 6) has an increased risk of ending up with an unwanted structure in the root bead.
In the transition from low alloyed steel to weld metal, carbon from the low alloyed steel could

accumulate enough to create martensite.

7.2 The choice of filler metal

As Hajiannia et al. [21] shows in their study, a nickel base filler metal has advantages when welding a
dissimilar metal weld between low alloyed steel and stainless steel. However, the nickel based filler
metal also has some disadvantages, which are the cost, the risk for hot cracks and IGSCC. Therefore,
at the Swedish nuclear power plants, the nickel based filler metal 182 is not permitted without
approval from the licensee according to TBM. [5] So in cases where the nickel based filler metal is not

necessary the austenitic stainless steel filler metal like 309LMo is a better choice.

7.3 Structure in the samples

The optical microscopy, see figure 20-28, shows that all welds are free from martensitic areas, but
small pieces of un-melted low alloyed steel are found adjacent to the transition from low alloyed steel
to weld metal, see figure 24. The un-melted parts of low alloyed steel should not affect the strength of
the welds. However, only one cross section of each sample is evaluated which makes it possible to

have other microstructures on other places in the sample.

7.4 Chemical analysis of the samples

The chemical analysis, see figure 29-47, shows that at several places in several samples an increased
chromium and molybdenum content and the same time a decrease of nickel content, which indicates
that the measurements are made inside a ferritic area. The element that stabilizes ferrite is chromium,
molybdenum, silicon, niobium and titanium. The element that stabilizes austenite is nickel, carbon and

manganese as one can see in the Schaeffler diagram, figure 16. According to the Schaeffler diagram
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[12] the weld metal should contain around 7 % ferrite, so the possibility to end up in a ferritic area is

rather big.

However, the results from the chemical analysis can be questioned if they belong to the right position
or the right sample. The length of the measurements does not correspond to the actual length of the

weld. Since the chemical analysis is made by KIMAB can the results not be verified any closer.

7.5 Connections between the mechanical properties

The fact that the fracture in the tensile tests occurred in the low alloyed steel and outside the heat
affected zone also indicates of a weld metal and heat affected zoned with desirable mechanical
properties, see figure 50. A weld with an unwanted structure in the root bead or the transition zone to
parent metal would have the fracture there instead. However, the entire cross section of the weld was
not tested in the tensile testing due to the shape of the tensile test specimens. Therefore, a root bead
with insufficient dilution with the weld metal is not possible to test with these kinds of tensile testing.
Instead bend tests were performed on all the samples, both to test the root and the top side of the weld,
see page 45-46. Two of the specimens in the transverse root bend test were not approved, see figure
54-55, the two specimens were welded without gap so the conclusion is that there was not enough
dilution with the weld metal. Even though that the welds without gap is a U-joint instead of a V-joint.
An increased hardness in the root bead can occur due to the faster cooling rate in the root bead

compared to the other welds in a multi-pass weld.

A connection to the disapproved bend tests could be drawn to the hardness measurements, the
hardness in the root bead of the two disapproved bend tests are unacceptable high with 411 HV and
363 HV respectively in sample 2 and sample 6, see figure 61 and 65. In comparison to the other
samples, an increased hardness can be seen in the root bead as well as in the transition zone from
parent meal (most likely low alloyed steel) to weld metal, see figure 54-59. Other fluctuations in the
hardness can have occurred due to the mixed structure of austenite and ferrite or other particles in the
weld metal. No connection between the hardness measurements of sample 2 and 6 can be drawn to the
chemical analyses of the samples. The transition from parent metals to weld metal is very sharp, but

that is the case for all six samples see figure 26-44.

43



8. CONCLUSIONS

One important conclusion that can be drawn from this study that the welding position does not affect
the structure and mechanical properties of the weld metal in any noticeable way. This means that the
criterion in the technical regulations for mechanical equipment that welding should be made in
horizontal position is not that necessary. One other important conclusion is that the criteria of a 1.5
mm gap seem to be very important, which can be seen from the results of the bend testing and
hardness measurements. The samples welded without gap was a U-joint to increase the dilution with
the filler metal in the root bead, but that appeared to not be enough to get a good dilution. A
suggestion to the new version of the technical regulations for mechanical equipment could be
something like this; ”For dissimilar joints, there shall be a gap of at least 1.5 mm between the weld

ends before start of the welding.”
The conclusions from the study could be summarized to:

e The welding position, horizontal, vertical or reversed vertical does not affect the weld in any
noticeable way.

e The gap and a good dilution with the filler metal are extremely important.
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APPENDIX A: MATERIAL CERTIFICATE 316L
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Markning forutom intygnummar _5{//&" LER BLECkr7FVA | Kontroliplan + rev

SBS—~ FITr7-R 312, ASIE-5AFIT~7FPIE -
ST RO MM~ £ G S E S EAPICESS PORE /5/42/?‘_? /édf/ -
Ao XX

Utgdngsmateral enligt NGS - or. Spacifikation slutprodukt

L sy p3/E 7P 36 L \¢zr

oig Lo nm ] o~ L2

( 54 -FPc JSr2 sz—f?/’f e, F5.06.08
Fdlfande provning har utférts | enlighet med KSU - KBM 1 moment eniigt nedan
1 [X] @ g av OFP proced ac-432 |11 Y Tryek - ach tathatspravaing EF 2 - 14
2. - @ Granskning av OFP beharighet Qc-4 38 |12 D RT EP2.27/EFP3-38
3 Chargaanalys 1) gp2.01 |13 ur _ EF 2. 88+21/22
4 Dragprovning EP2-02 |14 E:l MT/PT EP2-16/17, 3-16/17
5 Vamdragprovifng 3600 ¢epr.03 |15 Markning o identifiering EP 2- 09/ 463
é I:l . Siagssghglspmvm'ng C EP2-04 16 Okuldr - o dim. kontrolf EP2-13/4413
{ 7 [ Hardnersprovaing EP2.05 |17 Granskning av slutdok.  EP 190
8 E Annan teknolagisk provaing Ep2-08 |18 C]
9 Komgrdnsfratningsprov gr 1 EP2-07 19 D
10 [ vamabehanding ' erz-10 |20 [

Begransningar for anvandande:

Max bardkningstryck _— " MPa/bar(a) Styrkefaktor
Max berdkningstemp. —— c —

QOwriga anmdrkningar Y € =0,016 ,Co = 0,089

,2/ /Y3 bar
Iatariales/ (07 / rsrdaar enfigt ovan ar godkand 10r kvaltatskiass /
OKG QC Datum SA - gedkannande Datum
; ;45,,, = ,/}ﬁ/./-:“ =t
%’*' :?'/F ¢ Cunney Edmagn Siar
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Shop Inspection CERTIFICATE
Nuclear Component, Code FTKA

ldentification

SA-Client Manulacturer Certificate Mo
OKG AB order 32290 pos. E Schoel ler-Bleckmann 512285-14/5
Oskarshamnsveket Edelstahlrohr Ges.m.b.H. Plant/Position

57093 Figeholm Schweden

Ternitz Osterrike

Product

NMahtlose Rohre kaltgeformt

Kantilication marking

) Schoeller-Bleckmann
SB-SBS-ASTM-312/ASME SA312

Oskarshamn 1

Quality class

1
paterit ASTM 3161

§ 114,3 x 10 m TP316L 114,3 x 10 mm D[ arnde 1
Quantily -—%;Zulzgwm i 1-12- Deslon pressure
: 12 st. 1993

hspaclioc; plan Na 16 ‘/2 / 93 : :E;::H Drawing No _ stj Dosign lemparalure
Inspection
Pos Checkpoint Checked (X} Pos  Remarks ]
10 | Qualityauditng -

1.1 Inspectionprogram | % e,
12 | Designreview i IR .

1.3 NDT-qualification records X

2.1 Material certificates | L

2.2 | NDT-material X
30 | Heat treatment qualilication records T e e
3.1 | Welding/welders’ qualification records - [ Tl e e

SA 188.1 400x25 92,01 Dotex 08-80 6315

84 | ONDT-welds e e
35 Heat !reatrjﬂani I
A1 | Dimensiens e CLTRNN
a2 | visvalinspection ol F L
43 | Merkingfidentification | * ;
44| Pressureftightoesstest | X L
4.5 Performance test -
(pressure-/temp.-limitations)
Result

x_1 Requirements fulfilled

_l Requirements fulfilled with remarks

AB SVENSK ANLAGGNINGSPROVNING - The Swedish Plant Inspeclorate 1
Date Inspector SY§n Stamp T
93.06.08 B Fennefors '\C&?\ &)
?
LS
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FINAL INSPECTION DOCUMENTATION
for

SCANDINOX AB S-30241 HALMSTAD SWEDEN
Customer Order No.: SF 550/93 / OKG/32290

Item: 05 Lot No.: 67767 X
Dimension: 114,3 mm OD x 10,00 mm WT

Quantity : 12 pieces 87,51 metres
Table of Contents:

1. CMTR No.10/93

2. Enclosure to CMTR No. 10/93

3.IU1trasonic testing repdrt A

4. Certificate of hydraulic tests No. Wi 93M 073 Stej
5., Heat treatment report No. 118/93

6. Dimensional inspection report (2 pages)

7. NDE personnel names and qualifications (2 pages)

8. Q-Plan No. 16/2/93 Rev. 0 (2 pages)

Confirmations:

According to the requirements of inspection procedure KSU-
KBM/EP-190, Edition 1 we Schoeller-Bleckmann Edelstahlrohr
G.m.b.H. confirm that the inspection and testing

stipulated in the detailed inspection plan (Q-Plan No.
16/2/93 Rev. 0) has been carried out with approved results.

SCHOELLER BLECEMANN
Edelstahlrohr
Gesellschaft m.b.H.
QualitAtssicherung

A-2§30 Ternitz AB SVENSK ANLAGGNINGSPROVNING

[ '(/_ Overvakat O  Delvis overvakat O

' Axn Granskat K Seawy. rapp. O
Ing.Preifler :

(1ng - Preifler) Namn bﬁ%&

Datum ......\.. R3O LE .

@%@/xzf%,m
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~ MATERIALPRUFBERICHT

/l ’ CERTIFIED MATERIAL TEST REPORT
CHTR - No. 10 / 93

SCHOELLER-BLECKMANN Seite | von
EDELSTAHLAOHR GESMBH ! Page ! of 2
Kunde SCANDINOX AB 5-30241 HALMSTAD SWEDEN
Custemer=
Kundenbestellung sF 550/93 /  OKG 32290/ OKG PROJECT 1-93.087

Customer Order No.'

Werksauftrag Nr., 709170/5

Works Order No.

Werkstoff/Material (ASME Material Specification,Type and Grade)

IP316L to ASME Sect. II Part A SA-312/SA-312M
1989 Edition up to and including A91 Addendum

Nuclear Quality Class 1

vattenfall Materialspecification No.1.31E Rev.J

SA approved Q-Plan No.16 /2/93 Rev.0 : 1
Seamless coldformed pipes
Produkt/Abmessung/StﬁCR: solution annealed at1085°C. pickled
Product/Dimension/Piece’ Item05: 114.5 mm 0D x 10.00 mm Wall 12 pcs 87.51 metres

Schmelze Nr., 469167

Los Nr., 67767
Heat No.

Lot No.’

SBS ASTM A312/ASME SA312 TP316L dimension heat no.

Kennzeichnung,Markierung,
seamless

Identification,Marking ' “pipe no. 1 (till 12) /N —=—
ZrP

—
Beigelegte Dokument&; Ultrasonic Testing Report
Attached Documents
Nicht durchgefiihrte Analysen und Priifungen . none

Not performed Analyses,Examinations and Tests

Chemische Analyse / Chemical Composition

Schmelze Nr. c 8i Mn P s Cr Mo Ni N Co

Heat No.
469167 0.016| 0.40 1.2 | 0.024| 0.008| 16.78| 2.03 | 11.17 0.057 | 0.089
Product Analypis froj each re-matg¢rial bar:

No. 959 o.020| o0.40| 1.38 | 0.025]| 0,009
0.020| ©0.40f 1.60 | 0.025) 0.008 16.75 | 2.02

16.75 | 2.02 |11.27 {0.059 0.080
11.30 | 0.058 { 0.080

No. 960

No. 961 0.019 0.40f 1.37 0.024 | 0,008 16.75| 2.01 11.18 | 0.057 | 0.080
No. 962 0.022 0.40] 1.39 0.02s ) 0,009 16.73 | 2.02 11.30 | 0.059 | 0.080
No. 963 0.022| 0.40| 1.38 | 0.025| 0.009 16.74 | 2.02 [11.23]0.059 | D.080
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/4 MATERIALPRUFBERICHT

/J CERTIFIED MATERIAL TEST REPORT
CMTR - No. 10/ 93

SCHOELLER-BLECKMANN seite . von
EDELSTAHLACHR GES MAH Page 2 of 2
Ergebnis der mechanischen Priifungen / Mechanical Test Results
priif-Nr. {Dehngrenze Streckgrenze [Zugfestigkeit Dehnung Einschniirung Kerbschlagzihd
Test-Nr. |Yield strenght Yield point Tensile strenght| Elongation Reduction Imy est
(0.2% offset)) L = A4/AS Test
MPa e HPa % % Temperature
67767 262 562 60/55 78 RT
67767 148 430 47/42 78 300°C
AB 9VENSK ANLAGGNINGSPROVNING
Overvakat &  Dplvis dvervakat| O
| Granskat &1 Sp awdk rapp. | O
Namp ".».—,:5 E e\
Datum Z3- P2, vk
-
Weitere Priifungen & .

Further Examinations and Tests’ .
Flattening test from one end of each pipe: ok }c‘.{/‘g @
Intergranular corrosion test to KSU-KBM/EP-2-07 Group 1
Samples sensitized at 740°C for 30 minutes, boiling practice as per ASTM AZ62/E:

Not any signs of corrosion are present.
Ultrasonic Examination to KSU-KBM/EP-2-22: ok

Hydrostatic pressure test at 143 bar: ok

QUALITATSSICHERUNGS ZERTIFIKAT(MATERIAL) No.QSC-539 Auslaufdatum

QUALITY SYSTEM CERTIFICAT(MATERIAL)

Wir bestatigen, dall der Inhalt des Materialpriufberichtes (CMTR)
richtig und genau ist und daB alle Prifergebnisse und Tatigkeiten,
die von SB oder von Unterlieferanten durchgefiihrt wurden, mit den
Forderungen der Materialspezifikation und den anwendbaren Material-
anforderungen des Code, wie vom Kunden angegeben, Ubereinstimmen.

We affirm, that the cantents of the CMTR are correct and accurate
and that all test results and operations performed by SB or SB -
vendors are in compliance with the requiffements of the material
specification and the applicable materi requirements of the Code
as designated by the Custaomer. rT

IKH,OX\/\
Leiter der Abnahme Ternitz/Austria / OK!OB[Q?)

Certification Manager { W.ohr

flsterreich/Austria
QS-Leiter P.Preiller
QA Manager ort/Place Unterschrift/Signature Datum/date

Expires November 10,1995
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SCHOELLER-BLECKMANN

EDELSTAHLROHRAKNENGESELLSCHAFT

Enclosure to CMTR No. 10/93

Further Examinations are performed with satisfactory result:

visual inspection and dimensional checking L—;M M%

I
d

Inspection of cleanliness and surface finish }/Z*e’%‘
Ly

[

s

Inspection of packaging and preservation

L4
- Check of marking and indentificationl_—_% @ VAT

a5

R R e TP
uth..n.L‘l.;. u;l_:_[.rlli’ia'-'n’\['il

SCI'!OEEi;LEﬂﬂ-"EOCh‘iMANN . Edtsialsthal}trchr
dale esellschaft m.b.H.
Gesellicbhajt m. b. H. Jualitatssicheruna
nahme 3hR3 i -

A-2830 Ternitz

A-2630 Termnitz

L QN ot|os{e3 ol térs

“W. Mohr P. Preiflller

Certification Manager Q A Manager
TELEFON
TELEFPHONE

{0 26 30) 311 N ]
OVA 0848078 SCHOELLER-BLECKMANN EDELSTAHLROHRA AKTIENGESELLSCHAFT. MAUPTSTRASSE 2, A-2630 TERNITZ, AUSTRIA .

HANDELSRECHTLICHER SITZ/COMP REG. OFFIGE. HAUPTSTAASSE 2. A-2630 TERNITZ AUSTRIA
AECHTSFORM: AKTIENGESELLSCHAFT. N
FIAMENBUCH-NA /COMMERCIAL REGISTER NO.: HAB 3083, FIBMENBUCHGERICHT/REGISTER COURT: WR. NEUS TADT
BANKVEABINOUNGEN/BANK ACCOUNT: CREDITANSTALT-BANKVEREIN. 8LZ 11000, KTO 0324-05722700.

171.801/A  BANK AUSTAIA AG, BLZ 12000, KTO 108, 108.957/00, PSK, BLZ 60000, KTO 7376 696 :
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Varialter:
Vertaller:_| ULTRASCHALL PRUFUNG | Werks-Auftrag | pos.
butions UT ULTRASONIC TESTING Works-order _A7U9'17”/ S e liem 05|
: PRUFBERICHT A EKK (FP/WP) Nr. Trm—
. _ REPORT A Traveller (FP/WP) No. 67767 X : : i
mr/% ‘ , ¢ _ !
g R-TQW/7FP Nr. Wi 93 M Selte 1 von thrittﬁ:rﬂi—Nr.
e 673 | Mo g73 / grey RO of Step/Test no. 290/330
Prilfobjekt Schwalbplan-Nr. - R
— Test ob} seamless tubes VWelding-schadule-No.
Bestalior Secandin AB, Kristineb 2ly Rahmenvorschrift  ASHME _SA 312/ SA 3124 89 ED
Purchaser g BDQMDEElmétad, 5‘.,53821‘95“&89% Musinmsp:?:riﬂcnlon VATTENFALL L1.31E Rev. r‘zlr\mir

Pritfvorschrift

552:‘23 fram 1. Jarnuaryl988
and TEL 3,5,1993

Bestell-Nr, .
— | Order Nor. SF 550/93 from 27.4.93 Speclfication
Stockzahl 1 " Gewlcht  _ ZiP-Arbeltsyorschrift
Quantity 12 (No1-12) i Weight kg NDE-Drocest;::? ' AV 098/74 Rev 1
K 1 —_ Beurteil tandard
Kemmseldiung  FFP (7 Bourlungastande AV 09B/74 Rev.]
Ab : ; e Priifbsralch . oo
fbmessund 7 114,20 x 10,00 x 2§ (7300 7500 ) mn | {ieoact. area full length of tube
I warkstoff h Pridfumfan 1 [\, feae
R i, P Whstia § o
SchmelzeNr. 469 167 e soniion” cold formed, heat treatedf
- and pickled
Whrmebehandi Anmerk n
nent heat treated Romarks Test-method:

Haat treatmant

finished

Fertigungszustand
(production length)

Staga of production

Immersion-technique

Zelchnungs-Nr.
Drawing No.

Fabrikat und Type des Priifgerites Messrs. TRC

Indication hight of
reference notches

Hegistriergrenze
Recording level

Test tube-no

Equipment, producer and type designation TRC 800D
Priifaniage Nr. Priifképfe -
Test squipment-no - Probes Messrs. TRC
]I";g{t:::mzd pUlSB—EChO—mEthOd };;: line-focusgg{_{
Testrohr-Nr. Frequenz

1367 Frequency 4 MHz

Einstelidaten
Calibration data

both circumferential-and
both longitudinal directions

Einachallrichtungen
Scanning directions

.r:;tscﬁpuebegdaschw!ndigkeir 2,61 m Jmin Et;ﬂ;;ﬂl:tlttaf water
Drehzahl : Ref fehle
H;ﬂoﬁ‘tlons 100 rpm H:f:::::::mﬂ;ctor

- tengitudinal notches Transverse notches
Impulsfolgefrequenz outside/inside) outside/inside)
Pulse-regetition-frequancy 700 Hz

Length: 25,[1/]} mm 25,00 mm
Impulsdichte . Width: 1,42/1,46mm 1,41/1,39m
Polss.density 0,86  mm/pulse Depth:  0,46/0,5%m 0,48/0, 48m
1

prafort , Dat profer/Stufe ' —_— I
Place of exam.  1ernitz/TPA Date | 1993-06- 07 | Operator/Level /é‘q-‘/&v A {903 -06 0 F-

Prilfergebnis: Entspricht /-entepricht -nicht-der Vorschrift®)
Test rasult:  Within /-net-within-specification®)

Prifverantwortlichar/Stuf

Supsrvisor/Level fb‘)’y{u i /{?}JZ 607

Kunde

Customer

Gutachtar/Sachverst. 3 // -

Authorized Inspactor JR0C. 173 %ﬂ’%r/—'_

52

*) Nichizutrstiendaes sireichen | erssse incomect fistement




CEOC/B-1/72 ¢/d

C.E.O.C. ;

(Colloque Européen des Organismes de Contrdle)
CERTIFICATE OF HYDRAULIC TESTS
ZEUGNIS UBER WASSERDRUCKPRUFUNGEN

Certificate

Zeugnis g3y 073 Stej

Technischer Ubamnchungs-\(era{l]n ; o
A-015 Wien, Krugerstrage 16 erred

NAME AND ADDRESS OF INSPECTION ORGANIZATION
NOM ET ADRESSE DE L'ORGANISME DE CONTROLE

ﬂf{;ﬁ:&' of ¢ COLLOQUE EUROPEEN DES ORGANISMES DE CONTROLE (CEOC)

Works Ocder No.: 709.170/S Year of manufacture ; 1993

Herstell No. : Herstelljahr :

Maker : Schoeller-Bleckmann Edelstahlrohr GmbH., Ternitz/Austria

Hersteller : I

Dimension 114.3 %x 10.0 mm Lot No.: 67767
No. of pieces : 12

Abmessung :
Date and place of tests: 08/06/93 Ternitz/Austria
Druckpriifung: Datum—Ort;

Name of inspecting engineer: Mr, Goppert
Name des Sachverstindigen:

The pipes whose identification details are stated above has been hydraulically tested under the conditions

specified below:

Die oben bezeichnete Rohre - wurde einer Wasserdruckpriifung unter folgenden Bedingungen

unterzogen:

Test pressure: 143 bar

Priifdruck:

Duration: 5 seconds minimum
Dauer: :

Type of gauge: DP 11/ DP 50
Manometer:

Results: within specification

Befund:

Date
Datum . 08/06/1993

Technischer Ubamachungs-\!amln
uﬂerrclch

“@; ‘e /)

E
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FARMEBEHANDLUNGS - PROTOXOLL Seite.  vom ?
(Durchlaufofen) Hou1 p“"'./,f ot /,, i
i A18(4%
SCHOELLER-BLECKMANN AT THIATRRY - SR /
EDELSTAHLAOHR GESMEH (Continuous. furnace)
Kunde Kundenauftrag Frojekt Werksauftrag Pole.. Hoe -
Customer- Customer Order Project Yorks Order Item. -
- - C¥550 /93 OKG :
Qondinee BB |32200 Joxa A-4%.08% Yoqii0]8 0504
Qualitit Schmelze Heod ' Erzeugnis Abzeamsunyg
Quality ~ Heat Product Dimension.
A2e00 469463 w2l el oRofre AU 30 x Agoo
Stiick/dawicht FARMEBEHANDLUNGSVORSCHRLIT Laufiarte Sobritt
Pilu/high_t HEAT TREATMENT PROCEDURE Traveler - Conmect.
AV [Q%/ gp. Ru'rz
A2 4% _ :
o |l | e | o
gq&u&i F ' ' 6‘4:‘64/)( Jso
' AoSo-floo°C | Aowin (©aooes

WAEMEBEHANDLUNGS - DURCHFUHRUNG / HEAT TREATMENT - PERYORMANCE

Wirsebebandlungsbetrieb .
Heat treatment ashop

oK (G

Wirmebshandiungsbeginn / Datum / Uhrzeit |
Heat tremtament start / Date / Time !

-05-2L 6UWDD

Wirmebshandlunga - Aggregat .
Heat tresaiment - Furnace

RoDR Gooo

Art der Wirmebehandlung |
Type of heat treatmsat °

Rhsdwedien

Autheisgeschwindigkedit
Heat up apead 1 (K/b)

——

Ofen-oder Sticktemperatur in der Ausgleichazone |,
Furgace-or piece tempesratures in equalizing zone °

AR C

Durehlaufgeschwindigkeit
Travel speed i(a/b)

L w

Haltezeit
Holding time ' (i) }lo‘miw
Abkiiblmedium :
Cooling medius
. Wagser

Anmerkusg / Bemark

Es wird bastitigh,daB die Durohfiihrung der Wirmebes
bandlung anhand der Ofen - Tomperaturstreifen mit ’
der oben genannten Vorachrift (AV) verglichen wurde
und mit dieser ibereipatinmt.

Thia certified heat performance of heat treatment
was compared with the procedurs (AYV) against the
time tomperature chart and is in accordance with it.

Erstellt/Prepared Genebmigt/Approved

Betrieb/Shop T [é’{_ N ibteilung/Department )

Datus/Date i “-Q:?,—é() —-QQ Datus/Date U 3:
" Onterschrize/Siguatuse | MJAW/M/\_—-\ cvsc| Unterachrift/Sigaature ' ,}3
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V3
DIMENSTONAL CHECK LIST SHEET /1 QE;&
SCHOELLER-BLECKMANN
Lot No.: - 6??6‘¥)< Size No.: //‘44‘,5)(/(01'»,"
C v E. 12

Pipe No. punched at location & 12 always.

1"'

WALT, THICKNESS AT TOCATION ( mm

)

Pipe No. Length(mm) A B c D E
5 40,6 “To% 40,8 A0 H.o
1 L 1 i i
* 6o 3 | AR M0 ,M,:o o | MR
6 414 Ao, 8 | Ao€ Ao, * | Aot
o | Ao%* Aok Aot J0, & | o6
12 Ao 40,8 Ao, & A0, 6 Ao, 5
1 F560 5 (Mo TME M3 [ ML | 2R
L& A2 [40& |Mo |48 | Ao
5 9 jq.g 105 Aok | g4 | Aok
12 o, ' A
2 2o 2 ¥ {
5 ' A0
| 9 = ' Ao &
12 2} M,
/fz ?’ﬂfo - ] o9 o
6 A4 -
| g9 Ao,
/kj = 12| Mo ' A1%,
: 3 A2 '
6 ' Ao %
9 A0 8
12 | A0 L ' A0
7] 7180 : - .
6 A0 )
9 Aok

200.013 SB  Druckeral Horrmann

1902 -NR- 0 8
Date / Signatjure

AB SVENSK ANLAGGNINGSPRG "1 |

Overvakat &
Granshat O3

Delvis dvervakat O
Se akv. rapp.

O

g
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é\ DIMENSTONAL CHECK LIST SHEET b 0_'1?'2

SCHOELLER-BLECKMANN

6;?%7)\/ Size No.: /MZL 3x/mem . e

Lot NO.: oo ecnevnn

Pipe No. punched at location A 12 always.

WALTL THICKNESS AT LOCATION ( mm )

200.013 SB  Druckaiel Herrmann

Pipe No. Length(mm) a B c D E
12 /70,8 /M.:2
S %20 2 o
6 198
a /.{Qg
L,_ 4.2 12 A% A12
© 3 T A2
l_ a | /3016
! 9 .0 ,
12| 409 M,
3 ?‘V{O 3 ' Ao
6 MO
9 ' Ao 5
— [ 12 |10.8 A0, &
9 EHLOO 3 40. 8
6 40. &
9 40,3
8 T4 ~ 12 |10.8 40,5
3 A0, &
6 A4.4
9 A39.9
12 | A0.9 |. 47 7
6 40. 3
g [ 40.8 |

AB SVENSK ANLAGGNINGSPROVNING

Overvakat S8 Delvis dvervakat O
l Granskat O  Se a\]w rapp. O
08 ~ Namn k23 @
1333 -06- ¢ Datum Z3.406. 4‘5’;5. .c9'

pate / Signathure
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TLI4ER

1

[-33 FERTIGUNGS- UND PRUFFOLGEPLAN

KUNDE:
CUSTOMER:

FABRICATION- AND TESTING PLAN
__Q-PLAN No. 16/2/93

SCANDINOX AB

KUNDENAUFTRAG: SF 550/93
CUSTOMER ORDER:

PROJEKT :
PROJECT:

PRODUKT:
PRODUCT:

WERKSTOFF:
MATERIAL:

OKG PROJECT NO. 1.-93.087
0KG P.0. 32290

Nahtlose Rohre kaltgeformt
seamless tubes cold formed

TP 316L NUCLEAR GRADE 1 '."

SPEZIFIKATION: VATTENFALL Mat.Spec.No.1.31E Rev.3 NC1- ASTM A312/A312M-91b
SPEZIFICATION: ASME II Part.A SA312/SA312M-1989Ed. A91Add.

WERKSAUFTRAG:  709.170/S

WORKS ORDER:

POS. NR.: 05 114,3 x 10,00 mm
POS. NO.:
ABNAHME : 1 Betrieb/Manufacturer
INSPECTION: 2 Qualitatsstelle/Quality Controll Department
3 Kunde/Customer
4 Third Party Inspection "SA"
KSU-KBM QC-1-Symbols acc. spec.1.31E Rev.3
5 Be performed at OKG
BEMERKUNGEN: H Hold Point
NOTES: W Witness Point
R Review
GENEHMIGUNG DURCH KUNDEN: Z?_D*—( 97 Lé”zﬁ
CUSTOMERS APPROVAL: % i@f mm Approred
' 19 d. 4.1 5:|3
ﬂ 0 /’? SEITE: 1 VON 2
/ : OF
o | osonszs | iapNedie— | 0T {Mue TS (el
REV.: DATUM: ERSTELLT: GEPRUFT: FREIGEGEBEN:
DATE: PREPARED: REVIEWED: APPROVED:
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SEITE: 2 VON 2

SCHOELLER - BLECKHANR Q-PLAH HO.: 16/2/93
EDELSTAHLROHR GES.M.B.H PAGE: OF
SCHR.HR. | BESCHREIBUNG SPEZIFIKATION ATTESTE ADNAIIME / INSPECTION ]
SEQ. HR.| DESCRIPTION SPECIFICATION CERTIFICATES 1137374 ]5%
Review of NDE-procedures KSU-KBM/QC-4 Ed.1 X R
Review of NDE-competence KSU-KBM/QC-4 Ed.1 X R|R
1. Starting Material
Stock material (forged bars)
1.1 Receiving inspection XX
2. Pipe Production
2.1 Preparing of billets QA-Hanual, Sect.l15 X
2.2 Hotforming (piercing, extrusion to| QA-Manual, Sect.l5 . X
{ pipes)
2.3 Cold forming to final dimension QA-Hanual, Sect.l15 X
2.4 Final heat treatment KSU-KBH EP-2-10 Ed.1 X'
AV 043/30 Rev.2 CMTR
[
- 2.5 Straightening QA-Manual,Sect.15 X
2.6 Pickiing AV 112/44 Rev.l X
2.7 Sampling QA-Manual,Sect.13 X H
KSU-KBH EP-2-09
2.8 Mechanical and metallurgical tests X
A Tensile test KSU-KBM EP-2-02 Ed.1 CMTR X H
B Hot tensile test at 300°C KSU-KBM EP-2-03 Ed.1 ) CHTR X H
€ Corrosion test (ASTM A262 Pract.| KSU-KBM EP-2-07(Gr.1) Ed.1 CHTR X
£) temp./time for senzitizing
 740+/-5°C{30 min,
D Flattening test KSU-KBM EP-2-06 Ed.1 CHTR X i
E Charge analysis KSU-KBM EP-2-01 £d.1 CHTR X
2.9 Ultrasonic test KSU-KBM EP-2-22 Ed.1 CHMIR / X
at random AV 098/74 Rev.1 UT-Report H
{
2.10 Hydrostatic test ( 143 bar ) KSU-KBM EP-2-14 Ed.1 CHTR L1 % H
2.11 Cleanliness X
2.12 Marking KSU-KBM EP-2-09/4-09 Ed.1 Y| H|H|H
{
' 2.13 Inspection KSU-KBM EP-2-13/4-13 £d.1 XH|H]|H
2.14 Certification KSU-KBM EP-190 Ed.1 CHTR X|H|H
2.15 Packing QA-Manual, Sect.18 X
KSU-KBM EP-435 Ed.1
2.16 Dispatch QA-Manual, Sect.18 X
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APPENDIX B: MATERIAL CERTIFICATE 15Mo3

Y . f’p"lﬁ';.‘;.”" S
Q00 wi e 77000 )Y BR

Intygsnurmer :

SAMMANF ATTNINGS INTYG ‘LAGERMATERIAL, RUR.CCH RURDELAR igﬁ-fz y F

Benémning = j}! oo Dimension Charge Mo
Somitosa _rér B9 Ix Mo | 529473
Material/leveransspecifikation + rew Kurrltfﬂllplﬂﬂ + rew :
DIN [7/75 05 79 2096 5

’ Utgangsmaterial enligt NGS=numme ¢ Specifikation slutprodukt

/5 /Mo z/ﬂ_ /3
Datum Fiie utFérd/red d pmunmg

Uugigt ' uidu:lxl‘]‘:wrkmnq redavisa

Fiéljande provning har ubfdrks: KSU-KBM 1
moment moment

E Granskning av OFF proc. .. OC4 3.2 -ﬁ}li[ﬁ Teyek- och kithetsprewn. .. EP 2-14

i E Granskning av OFF kval. .. OC4 3.6 -3 I L EP 2-27/3-28

3 Pdanalys L.oiiiiiiiiien.. EP 2-01 BELUT v s EP 2-20/21/22

4 [ ocagprovning .ouevueni.ns EP 2-02 16 MI/PT oovnnos EP 2-16/17, 3-16/17

. =g -
. ol -

5 M Uﬂrml:lmgprnunmt]tq--?- -{ Ep 2-03 15[¥] Materialidentifiering EP 2-09/4-09

& [X] slagseghetsprovning =10 & 2-0a 164 okuliic- och dim kontroll,., EP 2-13

7 D Hardhetsprovning ....... EP 2-05 l'|" Granskning av slutdok ..... EF 1-90

8 [X] Annan teknisk provning .. €P 2-06  18[7] L......ceciieiiiiiiinnnnn. ORI

9 [] korngréinsfrétningsprov .. EP 2-07 L I
10 [ virmebehandling ......... EP 2-10 20 ] e :

Begrinsningar fir anviindande: )

Max ber. beyek ... ..eennnn seranes Styrkefakbor L, .....ccevceerrnnnnnnns .

Max S T _ Ovriga upplysningar ....... rsataanasannid

turiga anmiirkningar: *) E”J’ s-&P /925

Materialet/ric/rérdelen dr godl-c:'ind enligt owan F&r kvalitetsklass "‘f _________________ .
Simpevar ?"d o4 Simpevarp ,QGGIF%L@ ,,,,,,,,,,,,,,
ﬁ%v ................. RS LR TV N
OKG AB, AB Stat 5 Anldggningsprovning
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Nel

AB Statens Anldggningsprovning

The Swedish Planl Inspectorate

INTYG &ver produktkontroll = Kérnkraft
Shop inspectlon CERTIFICATE — Nuciear Component

Identlfikationsuppgifieridentlicatlons
UppdmgaghieniEA-Custnmar b # latpganriCarshicale no
OKG AB Auftrag 83702 T:a konlrlisl Inspeclion | 6505103
h orket L
o ol Omkonirell/Relnspection )

ajukiiCampanan GhlakitppiComs typst | Kanlekliinep slate atarlaiiiiatasasi]

. [, - IR 1 158030017, |

?:::t; m:;ﬂu Antulibombar of dilrenlsgfaaniileatan martieg
i 6 529473
Tllvarkarsisaulsston: N Bar byck/Dasan preitas i Der iempiDerign bamp
lbar e
Banteler Worke AG it W] e —
Ty asiGarial nd Tillw delvand
4240 D sl Rohr-Nr.1;42;14:13;0 Go) 1989
Avasll Kﬁiwﬁmmmmu [ Eanlreliples sfing phnnd'- h-gnur ==
OKG 2006
Oskarshamu : o
plock 1;2;3 ke Jep I i
Kontrolifinspection -
Pos Kantrallgiskiinspaction paint c:;;: Pot Anmbrkningarfomanks Kty
1.1 Kontroliplanfinspaction plen 5
1.2 Ritning/Dvawing X
2.1 Materinlintyg/Material certificate X
23 Ofp, material/KDE, material E
a1 Svetslic, svetsarprivn/Welding quaific. =
32 Ofp, svels/NOE, welds | ~~
33 Varmebehandling/Heal traatment ==
4.1 Dimensionskontroll!Dimensions X
a2 Okulirkantroll/Visual inspection -
43 Wataralident/Matorial Identification X
.

a4 TryckproviPressure lest  medium i ~
o 8=Prifung, RS wixd bal OKG.. WISZarholb.. . i e s e oS bk
m:.ull.nlmuuh Aspr

?xlhlmlllu wlblida hraviCanfoimey 0 deguinment

r-l Madevaimr o} sbilids kiavihisd gaabateng 1o iquiemenis

AR Statens Anlageningeprovaing
Easruafardeininges, Slocihitm

2387 300hea 0L00 DATH L saEgs

Datumwiane [ HemnHame
B9-05-24 H, Detmoy m

11 3 2 5r pnslbeadeiBes ovesiyal

- M“;::..--n@ T K

62




:

T COMEDERATION EUROPEENNE [ORGANSLES DL CONTROLE
Abnahmepriifzeugnis
Inspection Certificate
Certificat de Réception
Certificato Collaudo Materiali

(omi s0049-34

Besloliar - Cuttures - Adtaier - Commitients:

ROEHREMGROSSHANDLUNG L. BARTHEL KG.
4099, DUESSELDORF HANBURGER STR. 8

BEHTELER-'I-I‘IERKE AG
4220 DINSLAKEN LUISENSTR.

Prilfgegenstand = Anisis - Prodail = Prodatis

BABT 0T ROt Ben - noes S, S et

117

Rheinisch-Westfélischer

Technischer Uberwachungs-Verein e. V.

Prid-pr, =
EaelBan N -1 &

Blst2-Nr, ~ Bhael Ho.r Fager® - Pagrhi';

Bosboll:br. = nder e =
WY £o i3 commasde - W

§-3639

00l

s | 9/22003050/2
cataumb .

i Tsl] — Park = Pastin - Pasta:

Vo - dad - e~ e 12,12, 88
Wb, = Waska-ble - 100 e = Commmsnn WY

39-2472

FE shgeracay - Harma & Soninala Flegquia

TRB 100 / TRD 102 / AD-HEREBL. W& .

Werkstoll = Mateisl = badds = Maieds's:

entspeochend =

seconding b - Wivan] - Lot

Ausgabe — Efson - Eewkon

05.79

15H03 (1.5415) DIN 17175
U toterzustond - st of sty - guvoson - S @ s NORMALISTEREND UHGEFORMT
Ermctnereugee .- b pacsss - opsiel ~Froceficacts dastonivs:  ELEKTRO-VERFAHREN (E)
Ko  dnsa - Wi = - Harstollatzalehen — Beasd of the mamrsshaer = E;
Marpes d Ladelcind = Uit ti (roduman: u
15M03
ROHR-NR . -E
us (3) Wrﬂ.ﬁ‘m‘w Inapeciers i -
Pondr, | GtckiaM cteralze- Mo Prokca ir,
Brmdio | HoolEhes | Gogensiand - aids - Ddakgeation dr ot - Teo o pradalia fhe i T He
W Iharyea o W Cadia & el
003 235 | WAHTLOSES ROHR 529638 00026 03
AD=31,80HH S=3,20HH GLm1545,30H
{ IN TL VON 5-7 H.
GRUFFEN=-HR.: 1 =127
003 - 529638 00074 03
015 31 | HAHTLOSES ROHR 529472 oooo? 15
| AD=114,304H 5=10,00HH GL=165,68H -
IN TL VOM 5-7 H
GRUPPEN=-NR.: 1 -16
= 015 == 529473 00013 15
=
g
?
g
§ Zusditaliche Angaban — Adsens remais - Autws [ p—
5 Die gosteliton Anfardenngen snd It Anlagen arblil. — The sgeements s alded spbel™
g Arnan, - Lrs coiiond bgdd et Bk aivle b layds] B, -
¥ Falsadiatd diwa Ddvis 41 npaE Aohaall cones o afegati §:
DUISBURG 10.02.198 (Der — AP =
; {O¥1 = Lacutos = Livw = Lscattn) - (i ~ Date = e e
B A s s -002-

lpmmﬁw 'I'nlnn-n llhl.lﬂ.!l-mﬂ Mmm

Bk e b e
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Cber EREMATION EUNOPMUTNNE DURGANRSUES DE COMTROLE
Prild-Hr,
fripuae s by
Cawdica NE
M i oolata

Ergatnis der Prillungen Rheinisch-Westfilischer
Tast Hesults Technlscher Uberwachungs-Verein e, V.
Résumpin tas Exsnis
Rigumall dolle Prove .
Anlago = Revarn - ovsn - Megana: 1
Tail - Bati-hr,
Pt Shaei-Ma
2/22003050/2 e 001 P z

Mochanizcha Prillfusigan - Wheghanica! Sryly - E5umis motstests = Hlnn it he

Wﬂ'\-‘l Tanl fypd = ‘#I’md-l‘ﬂlm ‘l
Pt - Spacknan s - Tow o st - ZUGVERSUCH _
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1 ] a 4lsls]| 7 ] ] 0 (o1 3 [ 1 [ w [ 8| 7
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R bl i
NORMALGEGLUEHT
PICKE 3~ 19 N2 20 [ 285 RS0/ 22
PURCHH. ] L] i n00
L _.__:'________,__ ok
FUGNEREUCH
ROHRSTREIFENFROBE
MORMALISIEREND UMGEFORHT
i REH Do
#0007 151080 | 1990 P5 D2 D1 20 | 302 &90 Bl
*DﬂD13 15 lﬂ?ﬂ 1990 05 p2 pl 20 | 322 pBO1 PO
| OHRABECHNIYTSFROBE
*00026 03| 330 3180 p5 D2 A4 20 | 333 p4B 3O
________ r-
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1. BESICHTIGUNG
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||
I
/ O -
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BENTELER AKTIENGESE! LSCHAFT,

Postfach « 780 Padarborn

Tel. 052 54 /81.0 » Telex 9 36866

Telatex 525421

. Telefax 052 54 /13 666

BEMTELERY

AKTIENGESELLSCHAFT

ABNAHMEPRUFZEUGNIS (DIN 50049-3.1 B)

Inspeclion Catdicals
Cartificat de Recoplion

Bonseder AG + Posifdch

L. Barthel KG
Postfach 1608

4000 Diisseldorf

- DR TE0 Paoerbom

DIN 17175/79

Prif-he. . D_Bguﬁﬂ—_
Coriificate Mo

Mo, du corlificat

Heorstebor; Benteinr .m:1krp¢m|mrt Zeichan des Lislerwarb: v

Progducer: Dinslaken Supplers bade M

Fabirecanl: Marque de Fasing du fzlsseur
Bestoll-Nr: 4 /3659 Srempni dos Sactversiindigen:
Order-Ma.: Irspactars stamg: -Hu
Mo, o odidra: Cachat de représanlant
Vizrgand-Me.: Watlestall:

Mo, of dispasch: Materal: 15 Mo 3 -

Mo dal dypilcition: Acler:

Winrks- M2 Erschmelzongaart:

Mo\.d'u:'ln.. Mfﬂlm
Kennzeichnung dos Erzeugnisses: Prﬂrm.amd: nahlioso Rohra
Matking ol the product: Tasl b geamigss bubes
Idenillication du produl: 3? Objet o essai; hubes sans scudure

15 Mo 3 - Rohr-Nr. - US - T4l

Lintorbedingungen: — — Gtest, fGrade 111 -
Surdwds «  AD-Merkblatt W 4, TRB 100, TRD 102 .’r‘ﬁgggrﬁgﬁ" .
R b Sy S| FESERERE)
pio, d'aricie]  Cuantlild Dimsarkans man m 5]
3 235 N8 x3,2mm Lg. 57 m 1.545,30 | 3.526 1 =127
(vorl. 1-fi11 in 2fch.Lg.
15 ki 114,3 x 10,0mm Lg. 5-7 m 165,68 | 4.468 1- 16
(Yorl. 1-§i5 in 2fch.lg.
Evgebnis der Schmetzanalyse n %: ijuldlmnmﬁs: Rdsuliats d'analyse:
Pos. Schmelz-He Probe-Nr.
el nedagie | o | * | M ] T o I Specimen-No.
3 529638 A7 .26 | .67 004 | L00F .26 26, 74
15 29473 .18 .20 | .66 004 | .003 .28 7, 13
Belzspheibenprifung a rmaterfial: bestanden
Picklp test on t bill ts: pagsed I
Materdalverwechselungspriifung: [bestandsn
Materiial conformity test: pass

Ergobnisder Prifungen:  TesiResulls:  RésullalsdesEssals: / sieho Anlege:  wolrAnnesie:  see Altachoment:
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Thie fubes are (esied on g
Les tubas son! npmum
[Déa Rohia bafinden

Thir bubes & n &

Les Juhen sand on bon dul Ll N T e

Die Rohee wiedon mmrﬂﬁm BEP 1815

The hubos are s lesied accod

Los tubes sonl lessor us Aulon 1915,

m"m.mmmmmﬁmm

= 50e oyt lowr longiseus
bestanden
passed / passé

en den ohen runuareubﬁi LG,
Die Rohro enlsprech angelih ngunge

1 fhee above mentioned Sla
Tha fisbes condodm lo tha above o R ek

Leos tubas sont canformis aux
4220 Dinslaken,
Tol,02134/633B83
Telex 8551967

W = dirch Wiikinlstr
el acc. o SEP. §

ung pomsd SEP 1225 PERENX LY

Foucaull sofon 5.EP. 1925 B8R RERK X
walznorma LI5Sy

bR par un
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Barthel KG
Hamhurge_-r Str. 6-12

4000 DUsseldorf

Ultraschall-Priifprotokoll / Ultrasonic Test Report

22y

Waerkstolprofung GornubH.

Harnburger Sir. 6
4000 Disseldorf-Hafen
Teleforn 0211 /32900360

Technische Profung
rmetalischer Werkstoffe

4/518/89

Aulienga-te fOEerNo. o 71567 (Stalrbr)

Barthel KG
Bamsllar/ Cliant Bastull -Hr. { . 0. Ha, SR R —
I nahtl.Rohre ganze Rohrlénge
Prufgegenatand { Sublesl

PS5L 32 Krautkrimer

Prifunegich ] Tosl ranga
WB 45-N4

m?'g'tmi:rlnnmmMI
glatt

Prillspbey n"m‘f: er

Iﬁﬂ1“:hm:ualmdiﬁnwllm codifBlion
80 % B3SH

hhﬁlubh:mnnw I Ragigiralion koval

“Koppsiung f Couplan] ;
SEP 191571918

GurdieusliTrung { Calbration

" Schmelee-Hr.

. Pon. Woaskstal o Slek, Matar Afl nidl AbemEasung

Bam D:!_i_uy_" i e Deseription and djnmtdm___ = Haad Me
1 15 MO3 & 31,20 114,53 = 10,0 520473

2Ol /Y. BL
i
M . i L .
Es wurden keine registrierpfl.Anzeigen festgestel It._
Prifbotend | Resulia E— -
Bamerkung | Remarks “;:.‘;:n-‘;;;;;::"\ f
%_ — I 7 ;
e ~ _ F
Diisseldorl, den  30.5.89 Priifer: | o Enge Lhard_prifaufsicht; Weckes
Opedslar - Supdsrviso el ¥

Granctalinlide e, Pyl Walll
A Dol HRB 10E35

Bombkverbnaiong: Deatscte Bonk Dusse ko |
(R B S TER0 Wl Mo, b, BT EAD

71




T

:
) I LJDL_LJ wetkstofipeiiung gm.bn. ’
Y. CERTIRICATE. ON.-.._......
ULTRASONTC-EXAMINATION
Acc. To DIN 50049,/3.1.H

- - —
Client o nlrcer 311011 Project
Purchaser . Report . Page
Barthel K& 1/1567 4/518/89 i i
Manufacturer .. Operator
+ Engelhard Level II
Object Tubes Examination 24.05,1989
Itan Diménsion *  |Pilece | Length _I:mlit‘.yﬂ;uat o,
5 | 114,3 x 10,0 6" | 31,20 | 15 03 520473
L
Het: Traatmertes . Works-certificates Surface Cond.2, ... prn 17175
US-Procedure Ref.: sEp 1915/1918 KSU-KBM Ep2-22
Acc. Stardard: restsp. OKG B3702 s Rep. Level (8): 100% long and tra.
US-Instrument: ggr, 32 - {:nruglant:.‘ ’ water
Probe Type:  wb 45-N4 Frequency: 4 (ME12)
Crystal Size: 320 x 22 (rm) Scanning Sensit.: +6 {dm)
Treas Transv. Correction: Without (Calibration
Range Calibr.: g-100 {iren) On bbows Matpeisl) ;
Test Result: (If Necessary enclose Sketches)
" The ‘Tubes tested with satisfactory result
Additional Sketches pate
24.05.1989
il
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APPENDIX C: MATERIAL CERFTIFICATE AVESTA P5 2.4 mm

1\ okg Iatern med beg 0] o smmag - 10
N Materialintyg
Bestiillningsnummer/ Intygsnummer iﬂg‘]-?;ﬂ-z-l sid (1/2)
Benimning ~_TIG-TRAD B
Dimension o2 4mm -
Material Avesta P -

Chargenummer 0882

OKGartnr 106120

Ovrigt Miingd levererat: 40 kg (8 st.d Ske)

Anmirkning Fordringar: EN 12072:1999 W 23 _12_2 L

180 14343-A:2002 W 23 122 L (309LMo)

Ej check-in provat tillsatsmaterial. Fiir anviindning i kval.

Klass 1 se KBM EP 3-11.

Slutlig granskning av Datum Sign/Resursgrupp  Stiimpel
Jan Yderland 20090520 JYDIUTP ,@c@m
s et o S e N e Bt il i =

D23 20040007 CacER
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Avesta

JYD Y04/430 po, 2

CERTIFICATE — ZEUGNIS - CERTIFICAT

Welding
EN 10204/3.1
CAM, Hans Asinbm FEEEoon
Buyor oal' = Eirwund N - Raf scraimr | Eimte — B - G | oot M = Zoagrin b — Mo et
A0DR1430/DREE] | Z008-03-24 333022
Sarpgnes el - Kursen-Beat e — Bpf Somnamma | r——— [
1841018019 CO0O10 1286157 |
Hegrmrends = Aiedetunge - Exigencas
SVETSTEKNIK | KRISTIANSTAD AB EN 120721599 waiiaL -l
150 14343-A: 2002 WE312 2 L (306LMo)
29165
KRISTIANSTAD
Swedon
Proviuct - Produst = Procut
TI3 WIRE ELECTRODES
FOR STAINLESS STEEL WELDING |
Band mans I L P 1
—|(AVESt@
Welding
| S g proshin Pouwrzan de fespart
D grtishon — Buamatrury - Disgraton
AVESTA P5
Eeet of dmsvody — Lafariariarg - Elanous de inmsan
Poa Weght Dearminr Lt W Aricd Ha
Ao Gowichi [ Lat b il B
Ml ] ... B Digpeuiens -1 1-4 o iy
40,00 Kg 2.40 mm [L.7F] TWEI3S-240300
B5578
Chamacs merodsen - Chanivche Sunarmoorpsipug - Clarpseiion chesn % Farrfia accondrg i
i3 & W P B T W Mo NbsTa  Cu W |Delong WRG-G2
0012 033 14 0020 0004 214 150 257 0.00 040 0083| 10 ]
_ |
Tt romitn — Prptspiar ape - Abbts o st { Tharrs = | MPa!
Temp Rpd.2 Rm
= Mimim® Mimm?
+20 445 B26
THE ABOVE MECHANICAL PROPERTIES REFER TO PURE WELD METAL THE VALUES ARE STATISTICAL DATA, OBTANED FROM OUR
CONTINUOWS QUALITY CONTROL SYSTEM e
I
Y409 430 Pos L
,r?r-—ﬁ T ;5:{;,2,0
|
BOHLER WELDING GROUP NORDIC AB  The reg i d ary BEWG RORHE &8 .
BOK E01 D gestalitan Anoroerurges gind afull QA-DEPARTMENT LR,
&-TT4 2T AVESTA Lsa condidions Imposes w00 saliiphes 'i -r!s
VAT NR: SE B560TITHGE01 Foa L n “acre®
et fEalires =
‘neate trainonifie 0om : S$5-EN |50 9001
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APPENDIX D: MATERIAL CERFTIFICATE AVESTA P5 1.6 mm

Status
Frislippt l

mny Okg
- wii Eimiag | FOW Acnoamen

Dokumeninamn

K12 Reservdelar/Forradsmaterial med intygsnr

Fognr Utziva

2012-29529 0

Utfardad Gallerfrom Gallertom
2012-11-05

Titel

Tig-trid ©1,60 mm

Skriv- och sprakkontroll

Sakgramskning Mej

Kvalitetsgranskning Hej

Projektzodkant Hey

Linjegodkant Hey

Extern granskning Ney

Frislappt Irene Johansson, GAT, 2012-11-29
Arends

Distritntion

Sekretessklass

Intern med begrinsad spridning
enligt lag om skydd for fretagshemiigheter och | firekommande fall sSkerhetsskyddslag 1 § 3 pkt samt 5-7 §
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Materialintyg
Bestiillningsnummer/ Intygsnummer  4122267-1-1 sid (1/2)
Bentimning TIG-TRAD
Dimension ol 60mm
Material Avesta P5
Chargenummer ~ $261
() OKG artor 106119
Crvript Miingd levererat:5 kg (delleverans)

( ) Anmirkning Fordringar:

EN 12072:1999 W23 122L

IS0 14343-A:2002 W23 122 L (309L.Mao)

OBS! Ej check-in provat. For anviindning i kval. klass 1, se

KBM EP 3-11.

Slutlig granskning av Q) Datum Sign/Resursgrupp  Stiimpel

Jan Yderland 2012-11-05 IYDVUME

D23% 3000307 CaslER

&3




Avesta

CERTIFICATE = ZEUGNIS - CERTIFICAT

Welding
EN 10204/3.1
CAM, Hans Astréem TEI00000
By’ = Eirshanud Hr — ool ackaiinn Dt = s « g it Hia — Paugals M = Ho e cai
3202188 20120403 370208
Cintrtgeiion rail — Farsdon-Buut bir — Ral dawlnafesr O adhar — Mg - Mofos bl enls Pk = ¥l - Gl
1041038218 0000E0 F342601
Faqaevanin = =E
SVETSTEKNIK | KRISTIANSTAD AB EN 12072:1558 waa21L
g;r;:ms VAG 7B IS0 14343-A:2002 W 2312 2 L (308LMo)
HKRISTIANSTAD
Sweden
Prosict ~ Produbd « Progut
TG WIRE ELECTRODES
FOR STAINLESS STEEL WELDING
B i, Inpecion wamp
T Av%id’ g
I
| Bighe o puochugiony s Poinciey ga Tipun
s - Batartrnng - Disgeation
AVESTA PS5
Extiid of dpbowry - Listsnumlang = Eiandis da Braelson
Ped Wiisighd Dinaraioy Lt Ma ks
Ancahi Breichi Ol Lisd e Aytdesl Me
| Hostrs “ﬁ Eipension i i fis, Facticia
B5.00 Kg 1.60 mm 8281 TWB3IISH180000
Ta32d
Granical e P ——— Faris aecnsdng 16
[ ] Wn P & o Hi Mo WoeTa Gu N |Delonrg WHG-82
0013 040 1.5 0020 0004 215 4154 259 004 040 0051 9 7

Tarmp Rpl.2 am
C N Wimm?
+320 472 842

| CONTINUOUS QUALITY CONTROL SYSTEM,

Tast resuits - Priargebalsss - Risuls dsscal (1Nmm' o § Mgy

A5
*
i)

THE ABOVE MECHANICAL PROPERTIES REFER TO PURE WELD METAL. THE VALUES ARE STATISTICAL DATA, OBTAINED FROM OUR

542 2267 Pes 1
P tine. JOENG

BOHLER WELDING GROUP NORDIC AB  The requimmants sspvialed are salisfed
501 i gexlellen B el
Les condiions Imposes sont salisfaltes.

Bgx

5774 27 AVESTA
SWEDEN

VAT NR: SE 556017TEBE0
e pairamding. com

POAOLIMRRTE DO
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APPENDIX E: WELDING PROCEDURE SPECIFICATION

—&ﬂﬂr:!ag:(:'mmg

WPS: OKG-1.1/8.1-004

Sekretessklass Intern med begrinsad spriduing

Rev: 0 2011-03-29 |

SVETSDATABLAD ENLIGT SS-EN ISO 15609-1
Giltighetsomrade

Kvalificerad enligt WPQR: PR-BS300-33

i Fogtyp:

BW
! Materialgrupp (ISO 15608): 1.1 mot 8.1
: Ytterdiameter i mm: 109,53 till Plat
‘ Godstjocklek i mm: 3 il 12 1
| A-mitt: - -- |
anhcn:dnmg F|EI‘S’E?§HQ
.@0——:
Svetslige:

Alla*, utom fallande svetsning
(PG och J-L045).

7/

ri\\\\

Fiirberedelser av fogkantomrade: CS blank metall, min. 20 mm. S8 rengdr.
m aceton el. likv.

Haftsvetsning: Enligt krav i TBM.
Hantering av tillsatsmaterial: Enligt 2005-10388.

| Materialspecifikation/Forbehall
| * Svetsning i verkstad och horisontallsige ska efterstriivas.

Svetsplanering:

— ;‘7“
/A 1

Stringbredd: Max 3 ger kiirndiametern

Termisk verkningsgrad: Enligt EN 1011-1

Dimension Strom  Spiinning Stromtyp Hastighet Striickenergi
String Metod Tillsatsmaterial mm A v Polaritet cm/min (Kl mum})
1 141-TIG ~ P5 Avesta [SO 14343 - W23 12 1,6/2,0/24 55-75 10-12  DC-pol  3-3,6  0,6-1,1
2L
n 141-TIG  P5 AvestaISO 14343 -W 2312 1,6/2,0/24 85-115 10,5-12,5 DC-pol 43-66 0, 5- 12
2L
Anmiirkning: Ersdtter 0-BS3014. I ]
VBH enligt: —-- |
Forhtjd arbetstemp (°C): 15
Mellanstringtemp (°C): Max.100 VBH metod: o
Wolframelektrod typ/dim: 150 6848 WTh 20, 02,4
Uppkiéirningshastighet: ---
Gaslins: Min. 4 ggr wolframdiametern
Svetsgas: AGA Argon, 1SO 14175-11 VBH temp: o
Gasflide (I/min): 1042 Vmin HANGd: .
Spoltid: Se tabell i 2005-10388 )
Rotgas: AGA Formier 10, ISO14175-N5 | Aysvalningshastighet: - - -
Rotgasflide (I/min): Sétts till 5-20 Vmin.
| Jpprﬁttad Grranskad 'kt Godkind | Granskad A
‘Hﬁé 2?/ 4’,&# Yy1? U PeR-OLA ELGF
s i/ o ==r -
‘ i S e) \y““ Rof-0%(3 |
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APPEDIX F: TEST PROTOCOL RADIOGRAPHIC TESTING

RULTE

PROVNINGPROTOKOLL AW DEKRA
Radicgrafering e
1
Test Report
Hadiographic Testing
Covisavaiers mr/Dopument ra: Rare
541113 RT-21 0 11’.1i
mnﬂmm Aaw | Provningacoum Daoe of U B WL
- 12013-07-11 OKGAB
mwwmum Simpevarp
ORG AR 572 83 Oskarshamn
] TR SO pec] dCITTEROT
Svetsning av blandskarvar 3161 mat 15Ma3 e Ll b L T e e e
Manfred (Mejnik 4500019230
P g Do T e 0. Bis | Prawmerg arbgel waminabon s i Ca VLo mberial To sl Pl
RT-101 5 | S5-EN IS0 17636-1 Klass B | 316L/15Mo03 Enl. WPS
Aocepl proe Swedlihorspl peon Sevell Pl | SSoesiEnd i ALOSMEE S Cr B B-nmdﬁmm Fiugipiebosni mngn | Sumebshanc st et
RT-801 (1) T |55-EN 12517-1:2006 141 Enl. WES Nej
Extenl ol wery Tk MLl ha o Pt roliplans el iy Fas
| 100 + HAY. - - -
TG PR S Tanar kTR
iy 1 Wy Mo b Bo, Mekiba g A cbpniiarrg a0 ot | P | g, | B oa | P Piote | i | s
OC0O749 Miirkpenna - e A R
A oW e P aprns N
mwum h Smart 235 1 15 | a0 | 09 | 2 | c4 |OFEEM |Filmasas
R R OO W [T — 2
2.6x28 N 0027mm Ph
[ inclontharvectiacions acily | Tokah amlal et of firg. | Svinn s awihenaty reg.
54 2,3-4,7 : -
Femerisiin. procoan T, lngreaes | 1 hiipisss Zhean 4
Autcmatisk
[T
[TE0 - e Tt | ST o toam pere = SHIT T ivoicints v, | iabisonty s Sornd sy | SHAN Frarmmiating [ bmrrrsl prensi 1| B Pore 1 m Lamtis ooty | BAS Lt
P —— u,.p..-........-,.-:- e e SN U PP [ S Y T iy s e e —— !ﬂh-n.: uum
L = Pt T b v ) e | ] b ekl e v ardercw | (361 mm-—uln T g ress g St skl med (B i smeag e s ama
1081 by iy S = Wobn v et oy | B9 il P prit .
Froga ki &mu T4
Shard Fim e M, b gy Aruele v’ (P e e b B WD | oy Cp. dhaia Mol gemrmee | Srtiare!
JokaiFlm ko Jot | B | Fie puesbor | Flesrorislepdn podis _h' M L] Wilder
Yo | K Yes | Mo
provl x 1-8-1 X W4 I al 14310 2232
prov2 x 1-9-1 X W4 ] al 14.3x 10 X312
provd X 1-9=1 X Wid ] bl 1 3 [0 2232
provd I 151 X W4 ] al 14.3x10 2232
prova | X 181 * Wwia | 1 @l 14.3x10 FFip]
| [EEE 1 [ X Wid | | #l1d3xl0 | 2232
IR HLgyStrraer iy AART SR
DEKHEA Industrial AB
¥ty i Tk e g e e
. P Tolsiss PerssneS ENATI T
Fredrk Earlisen
ARDS
Fondaii B e Mpatas ERPNATI
P83 row 3

ATraEE: 2 Do 13007, 554 61 Oiatesey
T ot 2500 455 1300 | Fax +45 §0050 £55 1299 | wewsdehraose | O e SE8003 S8TF

86



APPENDIX G: TEST PROTOCOL PENETRANT TESTING

PROVNINGPROTOKOLL S g
Penetramiprovaing K N D E KRA
Tﬁl. R S5 Aa ur
Liguid Penetrant Test
[rinsmmnl milocasmen ne e E
541113 PT-286 0 o EJ{I] I
[T S —r v oy [eemyer———
= = | M3-07-11 OEG AR
& wming Simpevarp
ORG AB CMY . 572 83 Oskarshamn
T
Swvetening av blandskary 3161 mot 15Mo3 (1) 5 T
Manl'ml Olejuik 4500019230
Fraw Ao T pris Fiow | Prowning enfpEamarion cz I 5 ¥Resa ey | Thsmsmaorat Tl
FT-101 3 |55-EN3TI-L 141 - TIG 3[61J15Mu3 4091434)-2-
11 22267-1-1
Acrpl. proc. (rivihooept. proc. feeel]  Rav | Adcepling krdAcceptans aiens [ ———— T, || Tibearkanaian schorer
PT-904 (1) fi | KEM - - | Elajo Mek
Frovingi e maing Exect of Ievg VimeCehandaltieel Teaied
1060 % penetrant provaing av 6 31 blandskarvar 114,3x10 He
Breriga uppgiten Suppiomentary infomalion
‘TRcnionSurtacs cakon ‘Arvina peretrar metod Userd penerasd methol (s ey
Dcarbelad svels Fiirpd (rid} -
Fletatarding Rengdving Tleaning malbod Prirnrls o wCla vy Cherge re Ma,
' FuweEsariesn Lissningsmedel och trasa | Byeatest C10 120708
o Mpbonnd i pel i '[W1m'v: [ et
Apticwonciporars | Pensling m | Bycowest RPI0 1205302
PSS e T e — A FR—— e pe——y
: - Lisningsmede] och trass Rycotest C10 120708
T = TewhmeDrRop  Crege i,
4 P Gesaes | {)-30 min Breotest D30 120603
& S———
Resuluat
Uishsher ek eringl mct it ASeTeh e i ] JaVes [ Mei™o
DEKRA Industrial AR
Asceewg Doronite Ticpardbin (s e [E T
P Frodrik Karbssons S50 473/ Nortics 11
Fredrik karlsten -
Frods it Ko b 140 ke E-LmEe
FR-B0 e

A & Dag 13007, GE M2 51 (el
Tl w760 454 1000 | Fax: o (0] 230 455 1399 | wew.cukra 5o | Oeg. e SSE003-54TT
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APPENDIX H: TEST PROTOCOL BEND TESTING

302 rev. 1

ED,
PFROVNINGSPROTOKOLL ;:ﬁ"o
PENETRANTPROVNING a z
- war: B DEKRA
Aterkommande provaing vid kdirnkraftsverk =
M [FYS=e—— [T ihape— Tas
- 540038 12
Anggreny Sovy - - Lk
e d = * OKG AB
Vorwebl dumree
12 st. bockprov.
W g Tamee =T 572 83 Oskarshamn
"ma .ﬁ-—u - Toamtae B Vo Tremaes LUV
SS/CS . ID-nr: 52053 1D-nr -
Sverametad L= 3 alyssng w provvysas TEevaTmart
3 Blandskarv >500 lux . 1D-nr: -
N —— e ) Temperatur provyhs
O B Nej Lux: 3¢
[ wry Praingilagt densing A-ids X
100% mm .- B
100% mim -
Procels meem
PTOI rev3
— e
Acc [ ragd psnemant [ Fusssmds patias
» z o x) " B Y = B ™
Clo Cl10 110605 RP20 120712
f“.‘w . < [ [
Forbehandling | Avdunstning Cl10 110605 D30 120603
Tovknet Arviad poncwe & bomagon wed
5 min [ Vamen [ Lowmingsmeddd [ Vesen ¢ Kasingumeded
Arixcimgeast Tiakmesmmtond a= .
Pensel | Trasa fuktad med C10
Kbk ’;n.u Bormagniog —
stndihaat 30 min 3 min _—
Tompeee ¢ Mt Tampeewe )
2 Framiallning Speayuing 7
Anmirkning/Skiss
Procedurprov har kons for olika svetsliigen, ur dessa har det sedan tagits 12 provbitar som bla. genomgéit bockprov.
Bitar 1-6 (rothock)
Bitar 1-6 (toppbock)
Bit nr: 2 och 6 som & rotbockade uppvisar linjira indikationer pd den svarta sidan i dverglingen till svetsen, se bilaga |
==
Rapporicrbaen indikaticoce B Ja [N 0,1 mSv
DEKRA Industrial AB Tillstindshavare
ke Ogerarte ) [
2014-02-27 Magnus Strand /J‘h
e Py Urberikl
20140227 Magnus =z

RAPFONT ifirtsr ov Ao |Frving oo mmaes

88







