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Abstract 

In this work the influence of technological defects of small 

size, features of the internal structure of welded joints of RPV 

steels of the water-water energetic reactors (WWER) on the 

nature of their damage and destruction are considered. It is 

shown that the degree of danger of defects depends primarily, 

not from their size and shape, and the temperature of 

operation relative to the range of the ductile-brittle junction 

and the level of internal stresses in welded joints. It is 

suggested to consider the evaluation of the effect of 

operational factors on development of cracks by building the 

kinetic graphs in conjunction with fractographic analysis data. 

It is shown that measures to reduce the level of radiation 

embrittlement of the weld metal, which is associated with the 

formation of segregations on the boundaries of dendrites, is 

only effective when their cleaning from harmful impurities 

and reduce the size of the primary crystals. Due to the fact 

that the heat and irradiation embrittlement processes, which 

develop as a reinforcing mechanism, not dangerous 

temperatures, but during regular pressure testing, or in case of 

emergency cooldown, it is recommended to carry out 

additional safeguards against the possibility of brittle fracture 

in these cases, using only hot water from the emergency core 

cooling system the reactor core. 

Keywords: Joint weld, hull plate, technological defects, 

internal voltage, temperature range of the ductile-brittle 

junction, kinetic fracture diagram, hydrogen cracking, 

irradiation embrittlement, fractographic analysis, intercellular 

and interdendritic brittle fracture, hydrotesting, emergency 

cooling 

 

INTRODUCTION 

It is necessary to study the causes of damage and the patterns 

of development of destruction in the process operation for 

making the timely decision to stop operation of the equipment 

and for development of activities for modernization of 

structures and improvement of materials and technologies. 

Consideration of these issues is an important and urgent task 

numerous research and development [1-3], as it allows to 

increase the safety and competitiveness of products. In the 

present work it is shown that even small technological defects 

that exist in the welded joints together with the irregularity of 

the microstructure and the state of the microstructure may 

under certain conditions have a significant impact on the 

nature of damage in the process of operation of equipment of 

nuclear power plants (NPP). 

Currently, the installation of WWER-1200 of generation 3+ 

are produced for domestic needs and for export of reactor in 

Russia. The reactor design is a logical development of 

previous projects and maintains continuity in the applied 

materials and technologies. The design preserves the 

advantages and taken into account existing gaps in relation to 

reactors of this type. Enhancements to RPV steels that have 

been used in previous projects and have compared to last 

considerably improved technological and operational 

properties [4,5] are used as basic structural materials at the 

moment. This has allowed us to offer the design of the reactor 

vessel with a reduced number of the ring welded joints and in 

large-size workpieces. For example, introduced a long side 

which is located opposite the active zone and which 

eliminates the ring welded joint in the zone of greatest fluence 

[6], which is the most dangerous from the point of view of the 

irradiation embrittlement. A large part of the improvements 

aimed at improving manufacturability, thus reducing the 

tendency to the formation of technological defects. There is 

an increase in operational reliability, which is to reduce the 

tendency to growth of residual defects that were not detected 

during non-destructive control, and also increase resistance to 

development of cracks under the influence of operating 

temperatures and loads in corrosion-hazardous environments, 

and radiation exposure. 

 

The main part 

It is known that most defects that appear in the process of 

operation of welded metal structures, are detected in the 

welded joints [3] and it is this that begins the development 

[7]. This is most important for products, which meet high 

requirements of workmanship. In such products, even small 
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size defects can become objects of increased attention. 

Consider the nature of technological defects in the welded 

joints of nuclear power equipment are either not found in 

production control, in view of the smallness, or are connected. 

The first group of such small defects detected in weld 

junction. Basically, it's hot microcephalis, the presence of 

which is associated with the presence of sulphide non-metallic 

inclusions at the weld junction, which partially melted during 

welding (Fig. 1a, 1b), segregational heterogeneity in the base 

metal and overheating (Fig. 1c, 1d). When multiple-pass weld 

are also a small lack of penetration and slag nodule (Fig. 1e, 

1f) at the junction of two rollers on the border of the seam. In 

the case of high level of internal stresses microseparations or 

hot slag nodule can become the initiators of cold separations. 

Such cases are shown in Fig. 1d, 1f.  

 

 

a) 
 

 
b) 
 

 

c) 
 

 
d) 
 

 

e) 
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f) 

Figure 1: Defects detected in weld junction in low-alloy 

steels: 

a, b – hot microseparations segregational origin (a – 

microstructure (x200), 

b – microprogramme (x500) after opening of the defect like 

the one shown in picture a; visible to the smoothed 

nature of the melted surface, the beam waist between the 

individual elements of hot cracks, intercellular nature of 

dell the top of the picture; 

c – f (macrostructure), c – hot microseparation on the weld 

junction, which is caused by overheating (x32); 

d – hot microseparation segregational origin in the form of a 

small horizontal section, from which at an angle of 450 

has developed a cold microseparation (x32); 

e – inter-roller lack of penetration (x16); 

f – slag nodule with the lack of penetration, which in the 

weld metal (left) developed microseparation cold (x16). 

 

The second group of detectable micro-defects located inside 

the welded joints. To them most often are slag nodule at the 

junction of the rollers (Fig. 2a), lack of penetration between 

the rollers (Fig. 2b), clusters of small pores (Fig. 2b), hot 

microseparations in root roller (Fig. 2c), hot microseparations 

in the area of recrystallization (Fig. 2d), hot microseparations 

on the borders of columnar dendrites located under the 

partially melted prior roller (Fig. 2e, 2f). 

 

 

a) 
 

 
b) 
 

 

c) 
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d) 

 

e) 
 

 
f) 
 

Figure 2: The micro-defects, which are detected inside the 

multipass the welded joints: 

a – e (macrostructure): slag nodule at the junction of the 

rollers (x16); 

b – lack of penetration between rollers (x8), above it, a cluster 

of small pores; 

c – hot microseparations in root roller (x8); 

d – hot microseparations in the area of recrystallization (x16); 

e – hot microseparations on the borders of the columnar 

dendrites (x16), located under the partially melted prior 

roller; 

f – microprogramme (x500) after opening of the defect like 

the one shown in the picture d (clearly visible smoothed 

nature of the fused surface and the shape of growth in the 

center of the image; the nature of dell sample: clasiscal – 

top, items patching ductile fracture lower; visible 

constriction between the elements of the hot 

microseparation.  

 

Not all detected defects are “dangerous”, even if they are 

great or slit-shaped. The main factor here is the condition of 

the material. Consider this factor in more detail. In Fig. 3a 

shows the microstructure in condition after normalization with 

stamping heat the sheet steel 16 – manganese – nickel – 

molybdenum – high quality (16MNMhq) with a thickness of 

115 mm with a pronounced segregational heterogeneity. In 

the zone with a high content of alloy elements characterized 

by a reduced critical speed of hardening, clearly identified 

separate rounded sections with the structure of martensite 

after self-tempering. The matrix in this zone, two-phase and 

represents the upper bainite, consisting of ferrit with small 

faceted inclusions of martensite (about 30%). The boundary 

of the zone enriched in alloy elements in the martensite 

rounded sections collapsed and has a pearlitic structure, as 

evidenced by the presence in them of particles of the carbides. 

In the matrix this part of the border of the martensitic areas 

are also collapsed – it along with martensite present a small 

dark pearlite colonies outside segregational zone is 

characterized by ferrit-pearlitic structure. Mechanical testing 

of metal, the microstructure of which is shown in Fig. 3a, and 

give elevated compared with the norm (Table 1), the values of 

the flow limit σ0,2 (Table 1), percentage extension δ and 

impact hardness KCU. 

 

 

a) 
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b) 
 

Figure 3: The microstructure of the steel sheet 16MNMhq 

(x500): 

a – the nature of the structure in a state after normalization. In 

the middle of the picture is horizontally positioned 

segregational strip, enriched by alloy elements and 

having two-phase ferrit-martensitic structure. Within this 

band three rounded plot with a structure of martensite 

leave. In three similar areas on the border segregational 

strip the disintegration of martensite has occurred and 

visible carbides. Part of the martensitic matrix plots here 

also broke up and turned into pearlite. 

b – the nature of the structure in a state after normalizing and 

high temper. The microstructure of the matrix 

segregational band is not allocated and is a mixture of 

ferrit and pearlite. Existing segregation can be detected 

only by the presence of rounded pearlitic areas, which 

after normalization has a structure of the tempered 

martensite. 

In fracture of the tensile test was detected zones with the 

destruction of such sites. Their microfracture shown in Fig. 4. 

In the center of Fig. 4a represents one of these zones in the 

form of the light phase, the magnified image of which is 

shown in Fig. 4b, 4c. This image shows volumetric 

microdefect – in the form of small rolled out the pores. From 

him hand fan form at odds rociety terrain destruction in the 

form of pseudoscalar characteristic of hydrogen embrittlement 

[8]. It is clear that in this case, the micropores was a collector 

of hydrogen. The tensile stress in the tests has led to the 

growth of a defect to a much larger. As a result, such defects 

can be detected visually by the presence of bright shiny areas 

in the fracture (Fig.4a). In Fig. 4d shows another type of 

lesion a microscopic defect – accumulation of slag nodule that 

caused similar destruction. 

 

 

 

Table 1: Mechanical properties of sheet steel 16MNMhq 
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the material 
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IS108.030.118-78 

(the industry 

standard) 

500 323-510 20 50 78 39 

Normali-zation 662 523 18,5 52 46 25 

Normali-zation 

and high temper 

630 480 24 58 255 120 
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b) 
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d) 
 

 

e) 
 

 
f) 
 

Figure 4: The characteristics of hydrogen embrittlement:  

Sheet steel 16MNMhq: 

a – general view (x10); 

b – magnified image of a light section from a center of the 

image a (x100); 

c – center of destruction in the form of rolled the pores from 

the image b (from the border of the pores of evolved 

hydrogen on the fracture mechanism of pseudoscalar) 

(x1200); 

d – the same type of destruction of the hydrogen from the 

source in the form of small accumulations of slag 

nodules (x200). 

In the welded joint of low-alloy steel: 

e – general view of the defect associated with hydrogen 

(x100); 

f – hotbed of destruction in the form of hot 

microseparations involving slag nodule inclusions 

(x1200). Well-defined visible signs of growth figures 

on the melted surface. From the borders of the lesion 

developed the hydrogen destruction in the form of 

pseudoscalar as in Fig. 4c. 

 

In Fig. 3b, 3c are the microstructure and properties discussed 

above of the sheet after carrying out high temper. Here the 

microstructure is close to equilibrium and is mainly ferrit-

pearlitic structure. In specific areas, which before had 

tempered the properties of the tempered martensite, changes 

the character of etchability and growth of carbides. The 

structure of such sites is a tempered sorbite (Fig. 3b). The 

mechanical properties here correspond to the normative 

requirements (Table 1). Existing micro-defects that are not 

detected by optical microscopy, after the temper have no 

influence on the properties and nature of fracture, as it 

removed the hydrogen from the volume of the metal.  

His type of destruction associated with the presence of 

hydrogen, can occur inside the welded joints. In Fig. 4e, 4f are 

shown for comparison to the destruction caused by the 

presence of hydrogen in the metal of the welded joints with 

the chamber in the form of hot microseparation of shrinkage 

origin, as evidenced by the presence on its surface 

characteristic pieces of the growth and cut non-metallic 

inclusions (Fig. 4f). The appearance of the hot separation due 

to the presence of small accumulations of slag nodule on the 

border of the rollers, as is evident from the figure. 

The above nature of the destruction from a small defect is 

possible after welding or repair of the welded joints in the 

conditions of installation or operation in cases when these 

areas remains elevated levels of residual stresses. Here, the 

destruction associated with the presence of hydrogen will 

occur on the weld junction in cases where: 

 on the fusion faces are lack of penetration or slag 

nodule; 

 on the fusion faces was pollution; 

 if the manual welding electrodes has not been 

calcined;  

 if postweld vacation was not carried out or carried 

out late etc.  

The formation of such defects can be tracked when carrying 

out technological tests of samples of welded control samples 

for bending or stretching. Most of the defects detected at the 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 19 (2017) pp. 8750-8762 

© Research India Publications.  http://www.ripublication.com 

8756 

weld junction, are called “fish eye”. Typical signs of damage 

Rybovich samples and the appearance caused their defects is 

shown in Fig. 5.  

 

a) 
 

 
b) 
 

 

c) 

 
d) 
 

Figure 5: Signs of hydrogen embrittlement in the weld 

junction of the welded joints after carrying out technological 

bend-over tests: 

a – defect which is formed on lack of penetration (x1); 

b, c – defects of the type “fish eye” formed in the pores 

(x16 and x5 respectively); 

d – he destruction of the contaminants on the faces, caused 

the formation of clusters of defects associated with 

hydrogen (x32). 

 

The microdefects can cause of the brittle fracture during 

hydrotest or in case of emergency cooldown when there is a 

high level of internal stresses, and the process proceeds in the 

interval of ductile-brittle junction (DBJ). This disruption can 

occur even in cases when a hazardous hubs macronutrient do 

not exist [9]. The following are cases of the origin of the 

brittle fracture by cleavage along the planes of cleavage, 

which can occur in areas without pronounced structural signs 

of hearth failure (Fig. 6a, 6b) and non-metallic inclusions 

(Fig. 6c, 6d). 

 

 

a) 
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b) 
 

 

c) 
 

 
d) 
 

Figure 6: The nature of the origin of the brittle fracture by 

cleavage in testing the impact strength: 

a, b – geneal view of the fracture of the brittle fracture by 

cleavage (x60 and x40 respectively); 

c, d – the brittle fracture by cleavage from the explicit 

focus (c – accumulation of carbonitrides – colored 

inclusion in the center; 

e – small oxide inclusion. In the foci of destruction in 

Fig. a, b at high magnification, there are no explicit 

defects, as, for example, in fig. c, d.  

The destruction in areas with a high level of internal stresses 

can be initiated and the presence of areas with markedly 

severe chemical and structural heterogeneity inside the 

welded joints. Thus, the presence of segregation of impurity 

elements at the boundaries of the primary dendrites may cause 

accelerated crack growth low cycle fatigue. Such a case, for 

example, can be realized in the welded joints of the reactor 

vessel adjacent to the nozzles of the main circulation pipelines 

(MCP). These include annular joints, located in the area of 

pipes and welding joints MCP to the body. 

It is known that the microstructure of steel has a decisive 

influence on the nature of damage and fatigue life [10, 11]. 

Due to the explicit structural factor in the character of fatigue 

crack development, it would be desirable to carry out its 

quantification and relationship with results of fractographic 

analysis. With this purpose, consider the widely used for the 

analysis of regularities of development of fatigue cracks and 

kinetic diagrams of fracture (curves Paris) [3,11,12]: 

dL/dN=CΔKm , 

where dL/dN – the growth of the fatigue crack length with 

increasing number of cycles; 

C – coefficient of proportionality; 

m – the exponent, change the angle of the slope of Paris. 

 

In this estimate the influence of the value and threshold at 

which it begins to crack growth, stress ratio, and other factors 

[3,12]. 

In [3,13,14], it was shown that this method can be used to 

assess the impact of the microstructure. For example, in [13] 

it is shown that the occurrence of intergranular fracture in the 

fracture slope of the curve, expressed as a ratio m increases. In 

the materials tested in the interval of DBJ, fatigue fracture, on 

the background of a typical fatigue relief with the 

characteristic grooves, local cleavage facets or groups [14, 

15]. The slope of the curve Paris is sharply increased, i.e. the 

ratio m grows. This result was obtained, in particular, when 

tested on the fatigue of steel 15C2NMVN (15 – chrome – 2 – 

nickel – molybdenum – vanadium – nitrogen – high quality) 

in the interval of DBJ on compact specimens for determining 

the resistance to cracking [15]. 

In Fig. 7, 8 show the nature of the compact fracture specimens 

of type 3 to determine the fracture toughnessK1С according to 

GOST 25.506-85 [16]. When developing technology of their 

production [15], the growing fatigue crack was performed at 

room temperature under various levels of amplitude of stress 

intensity factor ΔK. According to regulations, at first this level 

was higher, and then was lowered to reduce the size of the 

zone of plastic deformation and disclosing of crack tip 

[16,17]. Macrofracture clearly reveals the change ΔK in the 

border within the zone of fatigue fracture (Fig. 7a). For the 

different parts of the seam, the nature of crack growth may be 
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different. So on one group of samples in the first stage, 

revealed numerous smooth, elongated areas in the direction of 

crack growth, and in the second stage they are absent (Fig. 7a) 

whereas the load level, in accordance with the above, 

decreased. 

Microfactories research has shown that these smooth areas is 

the brittle interdendritic fracture zones (Fig. 7c, 7d). Between 

them there are areas with the typical low-cycle fatigue 

fracture (Fig. 7c, 7e). In the second stage (at lower ΔK) 

interdendritic destruction is absent (Fig. 7a). This means that 

at higher stress intensity fatigue crack propagated slower 

because there are no sites with this type of fracture. On the 

sample, the fracture of which is shown in Fig. 7b, 
nterdendritic destruction is carried out at the second stage 

with a smaller ΔK, but then disappears. Apparently, this 

happens when cracks in the transition zone recrystallization. 

In Fig. 7f shows the central part of the image shown Fig. 7a, 
at higher magnification. Here is well visible macroscopically 

interdendritic nature of the brittle fracture in the area of dell. 

These data indicate that the interdendritic fracture under 

cyclic loading is embrittling factor, as with static. 

 

 

a) 
 

 
b) 

 

c) 
 

 
d) 
 

 

e) 
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f) 
 

Figure 7: The destruction of the compact test specimen on 

К1С with elements of interdendritic fracture: 

a – general view of the destruction (on the first leg 

fatigue cracks are visible bright bands oriented in the 

direction of crack growth; in the second stage they are 

absent) (x8); 

b – general appearance of fatigue cracks on the 

specimen with the other portion of the seam (on the first 

plot the light strips are missing, but appear on the 

second) (x16); 

c, d – enlarged image of the light bands from the images 

a and b, which show that it's the brittle interdendritic 

fracture (x150 and x600 respectively); 

e – general view of fatigue cracks in areas without a sign 

of interdendritic fracture (x1500); 

f – the enlarged image (x24) central part of the image 

and (bottom fatigue crack; above it the brittle 

interdendritic fracture in the dell, viscous pit growth and 

the interdendritic brittle fracture at the top). 

 

a) 
 

 
b) 
 

 

c) 
 

 
d) 
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e) 
 

 
f) 

Figure 8: The destruction of the compact test specimen on 

К1С with elements of intercellular destruction: 

a – general view of the fatigue crack (in the second 

zone shows many small “sparkles”) (x8); 

b, c – the nature of fatigue crack development, in areas 

free from intercellular fracture (Fig. c illustrates the 

chevron character intergrain destruction) (x1500 and 

x2000 respectively); 

d – these “sparkles” at higher magnification (x56); 

e – at the level of microfactory shows that the 

“sparkles” are sections of the brittle interdendritic 

fracture (x1000); 

f – plots, given in fig. c, can be seen as “hand fans” 

(x56). 

In Fig. 8 the data on fatigue crack propagation on specimens 

cut from a different seam. Here at the first stage signs of 

interdendritic fracture absent (Fig. 8a). The character 

development here is typically fatigue cracks (Fig. 8b, 8c). 

However, in the second stage (with less stress) in a fracture, 

there are small shiny areas (sparkles) (Fig. 8a, 8d). It was 

found that these “sparkles” are a smooth character, typical of 

the intercellular brittle fracture (Fig. 8e). In Fig. 8c are 

observed in extended areas of Chevron fracture characteristic 

of fatigue fracture [10,11]. Such sites in the weld metal 

according to their shape and size can only fit the columnar 

dendrites. This is confirmed by the presence of macrofractures 

hand fan form plots in Fig. 8f. In the upper right corner of Fig. 

8c shows a part of the intercellular destruction. A comparison 

of the samples shows that in this case the grain boundaries 

was britelled by the presence of segregations and boundaries 

of columnar dendrites is missing. 

Analysis of the results reported in Fig. 7, 8 clearly show that 

the structure factor has a significant impact on the character of 

fatigue crack development, which is consistent with known 

data [3,13]. The materials reviewed indicate a very important 

and ambiguous role of the segregation of chemical elements 

in the development of fatigue fracture of metal of the welded 

joints of RPV steels. Fractographic analysis significantly 

complements the information content of the method of 

constructing kinetic fatigue fracture diagrams. 

Such method of construction of the kinetic diagrams used in 

the analysis of the external environment impact on the 

character of corrosion-fatigue failure [3,12], corrosion 

cracking under tension [18] and hydrogen embrittlement [8 

and 18]. Summarizing, it can be recommended to evaluate 

severity of operational factors by constructing a kinetic 

diagram in conjunction with the data of fractographic analysis 

on samples-witnesses in the preliminary execution of the 

attestation of studies or research works. Such work will allow 

to evaluate the role of different micro mechanics of fracture at 

different stages of development of cracks during operation. 

For such studies it is advisable to use available and not 

demanded by consumers in the case of the WWER-1000, 

launched in the pre-Chernobyl period [19]. 

The most dangerous kind of damage in the process of 

operation of RPV is the irradiation embrittlement. With its' 

greatest effect, as in other cases, manifested in the metal of 

the welded joints [3,19–21]. There are two groups of the 

irradiation embrittlement mechanisms determining changes in 

the properties of materials of reactor pressure vessels: 

hardening and not hardening [22]. Hardening is considered to 

be all of the irradiation embrittlement mechanisms that 

determine the increase of critical temperature of brittleness Тк 

and associated with the formation of precipitates or other 

defects that cause the increase of the strength characteristics. 

The feature of this embrittlement mechanism is a direct 

correlation between Тк and, for example, yield strength. Sign 

neurodamage the irradiation embrittlement mechanism is the 

increase Тк without an increase of strength, for example, in the 

formation of segregations at the grain boundaries. 

Formation of segregation at the boundaries in the welded 

joints leads to the appearance of the interdendritic and 

intercellular brittle fracture. Elements, prone to segregation, 

are, primarily, phosphorus and copper, and in addition the 

impurities of low-melting surface-active metals are not 

removed in the smelting and are similar to phosphorus (tin, 

antimony, arsenic) [6,19]. Under irradiation, due to a sharp 

increase in the number of vacancies, the rate of diffusion of 
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impurity metal atoms grows commensurately, thereby 

increasing the level of segregation and, consequently, the 

degree of destruction on the borders. You need to clean the 

weld metal from the content of the above impurities and to 

apply welding materials and technologies for obtaining fine-

grained microstructure of primary for reducing of the 

irradiation embrittlement degree which is associated with the 

formation of segregations. The implementation of such 

measures can be one of the techniques providing improved 

operational reliability in the manufacture of reactors 3+ 

generation and their subsequent modernization [23]. 

Elimination of the irradiation embrittlement associated with 

the effect of hardening mechanisms and the heat 

embrittlement [12,24], which is peculiar to the action of high 

temperatures and leading to hardening of the offer by carrying 

out restorative thermal treatment, i.e. annealing [6,12,21,25]. 

This method aims to eliminate the dislocation loops and the 

dissolution of Ni-Si-Mn – precipitates [26]. It's effective, but 

very time consuming, and is associated with the need to 

respect certain environmental requirements [27-29]. 

Radiation hardening, in contrast to the segregation 

mechanism, in fact, is not a sign of material degradation, as it 

leads only to the increase of Тк and decrease of plasticity, and 

may be removed by the above method. In [30] it was 

proposed to correct the practice of holding regular pressure 

testing, and emergency cooling, as well as limit cases of the 

use of regenerative heat treatment on the basis of the 

following reasoning. In the process of operation, which is 

carried out at elevated temperatures, much higher than the 

interval of DBJ, no danger of the brittle fracture, as shown in 

Fig. 9 [30]. But such a danger may arise when carrying out a 

regular test or in case of emergency cooldown, carried out 

with cold water in case of emergency situations at nuclear 

power plants. The modern system of emergency cooling of 

the reactor core provides the possibility to use water with high 

temperature. If in an emergency or when the hydraulic tests to 

use water with a temperature above 50°C, than the brittle 

fracture will be removed, as this operation will be 

implemented by the above interval of DBJ. 

КСU

T
 

Figure 9: Diagram that depicts the interval of DBJ on 

samples-witnesses of 15C2NMVNhq in the original (the 

curve 1) and in the irradiation-embrittle condition after 

prolonged use (the curve 2). The operating temperature 

+300°C is far away from the border of the upper shelf below 

which the brittle fracture might occur. ΔТF is the shift of the 

critical brittle fracture temperature Тк due to the heat and 

irradiation embrittlement 

CONCLUSION 

1. Residual technological defects of small dimensions, as 

well as structural or chemical inhomogeneity in welded 

joints of body steels, can become dangerous from the 

point of view of brittle fracture only with an increase in 

the level of internal stresses leading to an increase in the 

temperature of the VCP interval. 

2. The level of internal stresses in welded joints can 

increase not only during installation of equipment and in 

the course of operation due to accumulation of damage 

caused by radiation and thermal embrittlement or 

increase in hydrogen content, but also during hydraulic 

tests, and especially - during emergency cooling. 

3. To reduce the degree of radiation embrittlement 

associated with the formation of segregations leading to 

intergranular and interdendritic destruction, it is 

necessary to clean the weld metal from the content of the 

above harmful impurities and apply welding materials 

and technologies that ensure the production of a fine-

grained primary microstructure. 

4. To evaluate the effect of operational factors on the 

possibility and mechanism of development of fatigue 

cracks, it is advisable to conduct tests on the test 

specimens with the construction of kinetic fracture 

diagrams followed by fractographic analysis. 

5. To prevent accumulation of damage and the possibility of 

brittle failure during hydraulic testing and emergency 

cooling after emergence of emergency situations, it is 

necessary in these cases to use only hot water from the 

emergency core cooling system. 

6. For a more detailed analysis of the conclusions according 

to paragraphs 1 to 4, it is advisable to carry out research 

works. For these purposes, as stated above, it is possible 

to use one of the available WWER-1000 nuclear reactor 

vessels that are available, but not claimed by consumers. 
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