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Abstract 
 

This paper presents the results from testing a VK-50 reactor measuring channel, re-
moved from the reactor after 25 years of operation without sings of integrity loss. Metallogra-
phy and electron microscopy as well as Auger spectroscopy of elemental composition were 
carried out.  

Intergranular corrosion is revealed in a base metal of the measurement channel tube at 
the core bottom level. A network of nonthrough, mainly longitudinal cracks of intergranular 
nature are located at the level of top and center of the core as well as directly under the reactor 
cover. The investigation results enable us to draw a conclusion that corrosion damage rate of 
the channel material depends on axial coolant density in the core. The neutron irradiation im-
pact may be provocative but not chief factor for increasing the base metal sensitivity to inter-
granular corrosion and corrosion cracking.  
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INTRODUCTION 
 
Taking into consideration that the life-time of the VK-50 boiling water reactor is assumed to 
be prolongate up to 50 years (to 2015), the problem of service life justification and safety op-
eration of internal components acquires a particular actuality. 
 
Sensitivity to corrosion cracking in corrosive environments and under internal or ex-
ternal stresses [1-3] is one of the principal problems while using austenitic stainless 
steels as an internal structure material of cores and steam generators of PWR and 
BWR [1-3]. This problem relates to chrome depletion of grain boundaries and adjacent 
zones on the sensibilized regions in the vicinity of welds due to the precipitation of Me23C6 
and /or Me6C type chrome carbides[1,2]. 
 
Neutron irradiation favours initiation of the stress corrosion cracking due to the radiation-
induced segregation and depletion on the interphase interface surfaces. Moreover, specific 
mechanismes, appropriate to irradiation conditions, are suggested for sulfur releasing from 
MnS sulphides as a result of nuclear transformation of 54Mn in 56Fe, cascading failures on the 
sulphides-matrix interface and additional penetration of manganese deep into the metal due to 
the renverse effect of Kirkendall [4]. This is followed by the grain boundary poisoning with 
such detrimental corrosive elements as sulfur, fluorine and chlorine. In that case, the investi-
gations of metal state and its safe service ensuring became of great concern. The real elements 
of long-term operated internal components provide the most significant information on corro-
sion propagation in a water coolant under irradiation. A measurement channel of the VK-50 
reactor after 25 years of operation is selected as an object of the investigation. This paper 
summurises and analyses the findings using in the course of the presentation the previous data 
obtained from testing a wrapper material of an emergency assembly (08X18H10T) after 30 
years of operation [5]. The indicated element had failures of corrosion origin in the weld re-
gion. 
 
 
 1. Material. Operation conditions. 
 
The measurement channel like the most elements of the internal components is fabricated of 
X18H9T steel (Figure1) and represents a tube of ∅ 76x5mm, freely extending through all the 
core and over the reactor cover where it is fixed by edge. The lower part of the tube is 
plugged by a welded plug. The channel was operated from the end 1971 to 1996 and was re-
moved without any signs of its integrity loss. Operation temperatures were 250-280oC. 

  



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 1. Longitudinal section of the VK-50 reactor core with the measurement channel 
 
 
Operational environment: water under pression, steam-water mixture and steam. The chemi-
cal composition was as follows: water hardness - 1,2 mcg-eq/l; pH -6,0-6,2; Fe-0,012 mg/l; 
chlorine-≤0,05mg/l; copper - 0,009-0,03mg/l; NO - 0,011-0,03 mg/l; zinc - 0,01-0,04mg/l; 
salt content - 0,18-0,2mcC/cm. 
 
Axial distribution of the neutron fluence (E>0,1MeV and E ≥ 0,5MeV) in the measurement 
channel is given in Figure2. 
 
Five rings of 76x10x5mm were cut out to perform the material study and estimate the mate-
rial corrosion sensitivity as a function of irradiation and coolant: 
Ring No.1 - at the distance of 130cm below the reactor core center, it includes the weld, heat 
affected zone and base metal; 
Ring No.2 - at the distance of 90cm below the reactor core center; 
Ring No.3 - 2cm below the reactor core center; 
Ring No.4 - 90 cm above the reactor core center; 
Ring No.5 - 550 cm above the reactor core center, i.e. directly under the reactor cover. The 
maximum neutron fluence for ring 5 at E>0,5MeV was 2.2x109cm-2 and at E>0,1MeV - 
2.9x109cm-2. 
 
While considering and analysing the investigation results, the previous data, obtained from 
testing the 08X18H10T steel wrapper of the emergency assembly removed after 30 years of 
operation in the VK-50 reactor, have been drawn on [5]. The indicated element had failures of 
corrosion origin in the weld region. 



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Axial neutron fluence distribution in the measurement channel extending 

through the core. 
 
 
2. Experimental results 
 
2.1.Metallography 
 
Cracks are observed on ring 1 in the weld and heat affected zone (Figure3a). The outer sur-
face breaking cracks are not revealed. On the outer surface of rings 1 and 2 only the inter-
granular corrosion is observed. 
 
The intergranular corrosion, corrosion cracking (Figure 4a,b) and under-surface corrosion are 
detected on rings 3-5 (Figure5a, b). The maximum corrosion depth is at the core top level and 
achieves 3-3,5mm.  

 

                            
Figure3. Cracking and intergranular corrosion at the lower part of the measurement channel 

(x200): weld and heat affected zone of ring No.1(a); base metal of ring No.2(b). 
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Figure 5. Under-surface corrosion (exfoliation) of the base metal (ring.5) x 200 (a); x5 (b) 
 
 

2.2 Electron microscopy 
 
Electron microscopy of samples cut out from ring 5, having a minimum neutron fluence, 
showed that the steel structure is characterized by the presence of austenite equiaxial grains 
where one may find primary precipitates of excess phases up to 1mcm and clusters of linear 
dislocations. The radiation defects are not revealed. 
 
As shown in Figure 6, the precipitation of the secondary phases from few tens of mil-
limeters to some hundreds of nanometers occures in the 08X18H10T steel under irra-
diation. In essential, they located along the grain boundaries and in the ajacent areas 
(Figure 6a,b). Their chemical composition is as follows: 37-46 Fe, 11-15Cr, 32-45Ti, 5-
6Ni at %. These precipitates in terms of their structure are evidently Me23C6 or Me6C type 
carbides. The large precipitate, shown in Figure 6a, represents TiC. The fine-dispersed pre-
cipitates of the rounded shape, presumably the G-phase, were discovered in the grain body. 
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Figure 4. Corrosion cracking (x200): ring No.3(b), ring No.4.  



 

 
 
 
 
 
 
 
 
 
 

 
Their average size is in the order of 8nm, the density - 5⋅1015cm-3. The average diameter of 
dislocation loops was 9nm and their density - 1,4⋅1016cm-3. 
 
The clusters of the dislocation loops and linear dislocations are revealed in the samples from 
rings .2-4. The average size of the dislocation loops is ~10 nm, the maximun one - 20nm. The 
loop concentration is estimated as 4⋅1016cm-3. 
 
The cristallographic and elemental analysis of the secondary phase precipitates showed that 
the precipitates, both large and fine dispersed, are for the most part titanium carbides (TiC) 
with a FCC lattice. 
 
2.3. Fractography 
 
Fractographic observations were performed on the samples of 4x4x1mm, cut out from rings 
2-4. Before the examinations the samples were mechanically fractured in order to obtain the 
fresh fracture surface. 
 

A region, remarkable for the fracture nature and having all features of brittle fracture, 
was revealed on the fracture surface at the outer face of the measurement channel. Its depth is 
~3-5mcm for ring 2, 30 mcm for ring 3 (Figure7a) and 100mcm for ring 4 (Figure7b) that is 
in a good correlation with the steam-content in the coolant (Table 1). 
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Figure7. Fracture surface of the samples cut out from the ring 3 (a) and 4(b). 

Figure 6. Microstructure of the tube material after irradiation 
Transmission electron microscopy  
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2.4. Auger spectroscopy 
 
Ager spectroscopy was carried out on the samples cut out from ring 4 in order to evaluate 
possible modification of the chemical composition in the superficial brittle layer. The choice 
was governed by the fact that the upper part of the measurement channel is mostly affected by 
the corrosion attack and has the maximum thickness of the brittle superficial layer. The ex-
aminations were carried out on the fresh fragment of the fracture surface of 2x2x0,3mm. To 
obtain the averaged values of various elements concentration on the surface, the primary elec-
tron beam of about 3mcm diameter was scanned in a raster to light up a surface point of 
200x200mcm on the sample. After registrating Auger spectres (10-12 atomic layers) from the 
fracture surface, multiple ion etching of the examinated surface was performed for analysing 
the elemental composition in depth. The thickness of the remote layer was calculated from the 
etching rate, equal approximately to 20 angstroems per minute. Before measuring Auger peak 
intensities of the alloying elements (Fe, Cr, Ni and Ti) and carbon, ion purification of the sur-
face was carried out. During the operation the concentration of the main alloying elements in 
the material matrix has not been modified, but at this time the considerable carbonization is 
observed at the outer face washed by coolant (Figure8). 

 

 
 
As shown in Figure 9a, no chrome and nickel and a very high content of titaniumium is ob-

served on the fracture surface, its value is about 60 times as high as that one in the matrix. 
The depth of the modified layer varies from 0,2 to 1,2 mcm. The carbon content decreases up 
to the initial state level at the distance of ~1,2 mcm, whereas the high level of oxygen is not 
modified and even at the depth of 1mcm is in the order of 40 at% (Figure 9b). The depth of 
the sulfur and chlorine layer is approximately 0,2 and 0,4 mcm respectively and the copper 
layer is in the order of 1mcm. 

The calcium content is strongly decreases in the layer of 0,2mcm thickness, but it is en-
tirely disappeared at a depth of 1mcm (Figure9c). 
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Figure8. Carbon distribution along the thickness of the measurement channel 
wall (ring No.4) in its upper part. 



 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To provide information on the uniformity or irregularity of various element distribu-
tion on the fracture surface the registration of elemental charts series was performed at the ac-
celerating voltages of 3 and 9kV. Figure10 presents the elemental charts of the fracture sur-
face of one of the grains located in the center of each photo. As seen in Figure 10a, chlorine is 
distributed uniformly. In contrast sulfur is concentrated mainly in the clasters of 5-6mcm 
(Figure 10b). It is especially good seen with lower magnifications at the accelerating voltage 
of 3kV (Figure10c). As a rule, an elevated concentration of iron (Figure10e), chrome (Fig-
ure10h), as well as nickel is noted in the sulfur clusters. These sulfur clusters appear to repre-
sent complex sulphide compounds containing iron, chrome and nikel.  
 
Copper is distributed in the form of separate clusters along the edges of the grain selected for 
examination (Figure 10d). An elevated copper concentration is observed in several points, lo-
cated along the fracture pattern perimeter, and it is absent at the surface of the fracture itself. 
The carbon distribution chart (Figure 10g), the Auger peak of which has the maximum inten-
sity, in terms of topographic nuances, bears a strong resemblance to a fracture surface image 
in absorbed or secondary electrons (Fig 10 i). There are not any particular carbon clusters, 
unless the areas are available with some lower carbon concentration in the points where an 
elevated oxygen content is observed (Figure f, g). The elevated oxygen content in the right 
lower part of the fracture patter (Figure10 f) is accompanied by an elevated nickel content and 
a slightly heightened content of chrome (Figure10h). 
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Figure9. Concentration of the main 
added elements (a, minus the light 
ones and impurities), oxygen and 
carbon (b), as well as sulphur, chlor, 
copper and calcium(c) in the irradi-
ated steel as a function of the dis-
tance from the fracture surface.  
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3. Discussion 
 
During all the operation period the measurement channel has been subjected to small longitu-
dinal tensile stresses in the range of 0,5-0,7 Mpa, not able to provoke the corrosion cracking, 
even at the critical concentration of oxygen and chlorine in the coolant. Accumulation of chlo-
rine and carbon at the metal/coolant interface and their diffusion in the metal thickness is a 
more serious factor [2]. So, when examinating the emergency assembly wrapper operated dur-
ing 30 years in the same reactor, a higher chlorine content was detected at a depth up to 
0,4mcm from the fracture surface (Figure9c). The results of this work show that the saturation 
of the measurement channel surface with carbon up to 20 at.% is observed in the layer of 30-
100mcm deep, resulting in the brittle fracture. The carconization effect leds to generation of 
the internal stresses which may be sufficient to initiate and propagate the corrosion cracking. 
 
The properties of one or other section of the measurement channel depend from its location: 
the farther off the core bottom the more is the carbon saturation and the thickness of the brittle 
layer (p.2.3-2.4). It evidently relates to the coolant density considerably variable along the 
axe. The lower is the density (at a high fluence), the more is the depth of the corrosion failure 
(Table 1). 
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Figure10. Charts of the elemental distribution on the fracture surface of the irradiated 
steel (a,b,d-i - 1400; c -400; ABCDE - points where the local elemental composition 

is determined). 



 

Table 1. 
Depth of the corrosion failure of the measurement channel at different fluences and coolant 
densities 
Ring 
No. 
 

Point of cutting out Neutron fluence  
Е > 0,1МeV 

Coolant density, 
g/сm3 Corrosion failure 

depth, mm 

1 130 сm below the core 
center  3,0×1010 1,000 0,1 

2 90 сm below the core 
center 2,7×1021 0,665 0,1 

3 2 сm below the core cen-
ter 5,1×1021 0,375 1,0 

4 90 сm above the core 
center  1,7×1021 0,305 3,5 

5 550сm above the core 
center 2,1×109 ≤ 0,305 1,8 

 
The density coolant in the lower core part of the reactor under operation is 0,735 g/cm3. At 
this region only the intergrannular corrosion is observed on the measurement channel. The 
steam content increases with approaching to the core center, the coolant density decreases up 
to 0,375g/cm3, and the intergranular corrosion and corrosion cracking achieves 1mm deep. 
Futher decreasing of the coolant density to 0,304 g/cm3 at the level of the core top is followed 
by sharp increasing of the corrosion depth. It appears to be related to the elevated oxygen 
concentration in steam, carbonization of the tube surface, possibility to concentrate the chlo-
ride impurities, when evaporating multiple water portions, and to facilitate oxygen access. 
 
The neutron fluence varies along the axe of the measurement channel from 2,1x109cm-2 to 
5,1x1021cm-2, however all these areas are revealed to have the corrosion failures. As seen in 
Table 1 the corrosion depth of the measurement channel material is not a strong function of 
the fluence value. 
 
The given results conclude as follows: 
• Failure occurs exceptionally along the grain boundaries; 
• Ti segragates and the Cr and Ni content decreases on the grain boundaries; 
• There are harmfull corrosive elements such as chlorine, sulfur and copper on the failure 

surface. 
•   Segregation thickness on the failure surface is about 1-1,5mcm; at any case the segregation 

is practically disappeared after ion etching at a depth ~3mcm (Figure11).  
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Figure11. Charts of sulphur and iron distribution on the failure surface of the irradiated 
steel after the ion etching at a depth in the order of 3mcm. x 1500. 



 

The elemental charts give the qualitative representation of the elemental distribution. The 
quantitative information can be provided from analyzing the local elemental composition in 
the separate points with the electron probe diameter of 0,1 -0,3mcm (in this study in the points 
“ACE” in Figure10, Table 2).  

Table 2. 
Local elemental composition of the failure surface  

Content, at % Ele-
ment «А» «B» «C» «D» Raster 
Fe 4,0 12,2 1,7 7,4 2,4 
Cr 0,5 2,8 0,8 1,6 0,6 
Ni 3,8 5,1 1,4 6,5 0,3 
Ni 1,0 0,6 0,6 1,2 0 
C 75,9 61,7 82,5 47,0 91,5 
O 13,0 13,1 6,3 30,8 3,9 
Cl 0,5 0,4 0,6 0,3 0,3 
S 0,4 2,7 0,1 0 0,4 
Cu 0,8 1,4 6,2 3,0 0,5 
Ca 0 0 0 2,3 0 

 
The same table presents for comparison the integral measurements of the elemental composi-
tion in the raster 200x200mcm, the surface of which comprises the examinated fracture pat-
tern. The results of the local measurements are in a good agreement with the qualitative in-
formation provided by the elemental charts. As shown in the table, only chlorine is rather uni-
formly distributed on the failure surface. The concentration of the other elements varies in a 
wide range. The references [1-7] and the findings permit us to reveal three groups of factors: 
1) chief factors, 2) governing factors and 3) favorising factors. 
 
Chief factors 
 
1)Tensile stresses 
 
The cracks have been observed only in the upper part of the tube in the vicinity of the weld 
(Figure3a), where the tensile stresses according to the work results can reach 300 MPa. As the 
cracks have not been observed below, in the base metal, where the neutron fluence was in-
creased, one may consider that the tensile stresses are of importance in the radiation-induced 
intergranular corrosion cracking and prevail over the radiation-induced processes of segrega-
tion/depletion. 
 
2) sensibilization 
 
The weld adjacent zone is heated to 550-800oC under welding, that results to the precipitation 
of the large Me23C and/or Me6C type carbides of some hundreds nanometers size (Figure 6), 
containing about 13% chrome, 42%iron, 39% titanium and 6%nickel, on the grain boundaries 
and sub-boundary areas. As a result, the grain boundaries are depleted in chrome. Second 
source of depletion is the purely thermal low-temperature sensibilization in the temperature 
range of 250-350oC. As estimated, the time needed for its proceeding at the temperature of 
2850C is 12 years [6] that is two half times lower than the service life of this tube. And the 
third, propably the most powerfull source of the grain boundary depletion in chrome, is 
caused by the radiation -induced processes: a) rising of the available carbides; b) radiation-
induced depletion of the grain boundary in chrome; c) precipitation of the fine-dispersed 



 

phases containing chrome. In the work [7] the segregation processes are analysed, occuring 
on the grain boundaries of steel 304 in the initial state and after irradiation at the temperature 
of 300oC (Table 3). 

Table 3 
Irradiation effect on the chemical composition modification of the grain body and sub-
boundary zones of  steel 304 at the temperature of 300oC. 

EDA ТEМ, масс.% Auger electron analysis, at.% 
Initial state Initial state 5⋅1021 n/сm2 

 
Ele-
mentЭ
ле-
мент 

Grain 
body 

Grain 
boundary 

5⋅1021 n/cm2, 
grain boundary Grain 

body 
Grain 
boundary 

Grain 
body 

Grain 
boundary 

Fe Бал. 62-64 61 69,39 74,9 68,4 60,6 
Cr 18,54 24-25 16 19,58 16,4 18,7 14,2 
Ni 8,28 9 15-16 7,75 7,8 8,43 14,1 
Mo 0,32 1,7-1,9 1 0,18 н/о 1,53 0,2 
Mn 1,52 н/о н/о н/о н/о н/о н/о 
Si 0,55 1 4,2-4,5 1,08 н/о 1,25 8,3 
C 0,069 н/о н/о н/о н/о н/о н/о 
P 0,023 0,8 1,1 0,04 0,7 0,06 1,9 
S 0,021 н/о н/о н/о н/о н/о н/о 

EDA-energo-dispersion analysis 
n/d - non determined 
 
As indicated in the Table, the results of the energo-dispersion analysis show that at the initial 
state the notable segregation of chrome and silicon and the strong segregation of molybdenum 
and phoshorus is observed on the grain bondaries. According to the results of the Auger elec-
tronic analysis the segragation of chrome is not confirmed. However, the data of the energo-
dispersion analysis shown that after irradiation the grain boundaries are depleted in chrome, 
molybdenum and enriched in nickel, phosphorus and especially silicon. The results of the en-
ergo-dispersion analysis and Auger spectroscopy are in qualitative agreement. The results 
from both investigation methods are in a good agreement for chrome. They are exact opposite 
for nickel: in this study the grain boundary is observed to be depleted in nickel up to zero, 
where as in the work [7] in contrast the grain boundary is observed to be enriched in nickel.  
 
Thus, one may conclude that the radiation-induced segregation on the grain boundaries is sec-
ond significant factor affected the radiation-induced intergranular corrosion cracking. 
 
Governing factors: 
 
1Concentration of oxygen  in the steam-water mixture as high as 0,2-0,5 mg/l in water and up 
to 20-50mg/l in steam due to the radiolyse [1.2], favours increasing the metal solubility rate in 
intergranular channel peaks.  
 
2) Chlorine precipitation on the boundaries 
 
The coolant is probably the principal source of chlorine. In this case the possibility to accu-
mulate chlorine at the steam-water interface favours the initiation of chloride cracking even 
when the ion-chlorine composition is <0,1 mg/l. The transmutation of sulfur in chlorine and 
the possible chlorine release from the desintegrated manganese sulphides is the additional al-
though probably not such efficient source of chlorine [5]. 



 

 
3)grain boundary poisoning with sulfur. 
 
Sulfur, acting as a poison during the electro-chemical processes and decreasing the repassiva-
tion rate after the oxide film rupture, favours the initiation of the local anodic processes. The 
coolant and sulfur, containing in the steel and unlinked in the sulphides, are, probably, the 
principal source of the sulfur. The radiation-induced desintegration of MnS can be an addi-
tional source of sulfur as indicated in the paper [5]. In several points of the degradation sur-
face the sulfur content achieves 2,7%. 
 
4) Copper effect 
 
The two valent copper ions are known [1,2] to favour the chloride corrosion cracking. Besides 
~0,3% copper content in the steel, copper presents in the coolant (up to 0,03 mg/l). This quan-
tity is sufficient to achieve the copper concentration of 6,2% on several ponts of the degrada-
tion surface and in the vicinity of the boundary zones. 
 
Favorising factors: 
 
1) Saturation of the grain boundaries with carbon and oxygen when their concentration 
achieves 50 at %. 
 
2)Effect of the steam-water interface. 
 
Under operation the investigated part of the tube was alternatively cooled with water at the 
temperature of 5-7oC below the boiling point and with a steam-water mixture at saturation 
temperature. Thus, this tube section was situated at the steam-water interface in the area the 
most sensitive for the corrosion cracking, due to chloride accumulation in the result of multi-
ple drying and easy acces of oxygen.  
The analysis of the findings and reference data, not pretending to be original, permits us to 
represent the mechanism of the radiation-induced intergranular corrosion cracking of the aus-
tenitic stainless steel as follows. 
Initially, when the oxide film of metal has cracks, voids and other defects, the general corro-
sion is going at a relatively high rate. The low soluble corrosion products remedy gradually 
the oxide film defects on the grains, decreasing the area and number of the anodic regions. 
The role of anodes passes on little by little to the sensibilized grain boundaries. This period 
may be considered as incubation one [1,2]. 
 
Futher the process is going at low rates corresponding to thouse of anode dissolution in the 
passive state. The maximum rate is observed at the areas with a minimum chrome concentra-
tion resulting in pitting. As the intergranular cracks become deeper, the corrosion products in-
hibit acces of new steam-water portions to the anodic areas and metal ion removal in the op-
posite direction. At the same time the access of cathodic depolarizer (oxygen) is inhibited that 
results in displacement of the cathodic process on the walls of the intergranular channels in 
the vicinity of the surface [1,2]. 
 
Gradually the poisoning of the grain boundary with sulfur and chlorine, arising from the cool-
ant and MnS radiation desintegration, gathers strength. The copper starts to precipitate on the 
surfaces of the formed intergranular cracks. The complex clusters are formed on the basis of 
sulfur and copper comprising also iron, chrome, nickel, carbon and oxygen. 



 

 
The radiation-induced processes of grain boundary depletion in chrome and nickel and simul-
taneousely enrichment in titanium, phosphorus and silicon begin to affect much more. The 
chemical composition  of the sub-boundary regions differs more and more from the chemical 
composition of the matrix. The nucleus of the intergranular cracks grow in length and width 
affected by residual tensile weld stresses, achieving at the final stage the lentgh of some tens 
of millimeters and fusing in the one main transversal crack. The intergranular corrosion crack-
ing is completed by the transversal rupture of the tube. 
 
As the superficial layer is saturated with carbon, the stresses arise as a result of local lattice 
distortion, change of coefficient of temperature expansion and so on. In this case the longitu-
dinal cracks appear on the outer tube surface and the below-surface corrosion is initiated in 
the superficial layer. The intergranular corrosion moves gradually in the corrosion cracking. 
Acidity of the crack peaks environment increases due to the radiolitic formation and accumu-
lation of nitric acid. The cleavage effect, arising from the complex clusters (or phases) on the 
basis of sulfur and copper, introduces an additional contribution in the futher opening and 
growth of the intergranular cracks [2]. 
 
 
Conclusions 
 
1) For 25 years of operation the considerable corrosion of the outer surface of the measure-
ment channel tube has been occured. 
 
2) The corrosion failure of the tube is evident to be as a function of coolant density and en-
tailed carbonization depth of the superficial layer. 
 
3) The neutron irradiation effect can be provoking but not a chief factor in increasing the base 
metal sensitivity of the measurement channel to the intergranular corrosion and corrosion 
cracking. 
 
4) The main causes of the intergranular corrosion cracking are: 1) residual tensile weld 
stresses; 2) austenite sensibilization in the vicinity of weld during the welding; 3) radiation-
induced low-temperature sensibilization under irradiation; 4) radiation-induced segregation 
and depletion on the grain boundaries. 
 
5) The chemical composition of the grain boundaries and ajacent areas of 1mcm wide after ir-
radiation has no common concern with the initial composition of the matrix. Their strong de-
pletion in chrome and nikel and enrichment in titanium occurs. The width of these zones is 
different for various elements and, as a rule, varies from 0,2 to 1mcm. 
 
6) The wide application of the Auger spectrometry with constructing the elemental charts of 
the failure surface, raster and punctual elemental spectrums permitted us to join all the data 
using the quantitative analysis of the element-structure features directly on the grain bounda-
ries. 
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