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Abstract. The problem of delaminating of pressure vessels’s shells which operate in 
environment containing hydrogen sulfide is relevant. These defects have a relatively 
long incubation period, 10-15 years as a rule. After completion of the incubation 
period, growth in the size of the defect and the formation of macroscopic defects 
(blisters) occurs rapidly (1-2 years).That is why it is important to have the tools for 
the detection of the delamination at an early stage of its formation. 
 Relations between the results obtained by various non-destructive techniques 
such as visual, ultrasonic and acoustic-emission are discussed on the examples of 
delaminating in the pressure vessels shells. 
 The problem of the impact of the testing methods sensitivity on timely defect 
detection is discussed. 
 The feasibility of early delaminating diagnosis by acoustic emission and 
ultrasonic inspection methods is demonstrated and new ways towards enhanced 
efficiency of these techniques are proposed. 
 
 

1.Introduction 
 

Lamination is a widespread defect of oil-processing and petrochemical equipment 
aged above 20 years from the beginning of service life. 

Increase of hydrogen content in metals occurs under the influence of watery hydrogen 
sulfide working environments on steel. Generally, atomic hydrogen freely migrates inside 
the metal but it may be withheld and accumulate on structurally nonuniform sites 
(collectors). For example, such collectors can be formed by nonmetal inclusions. Contained 
inside collectors, atomic hydrogen, when reaching a sufficient concentration, coagulates 
into the molecular form and loses an ability to migrate. With hydrogen accumulation, 
microgaps are generated due to the increase in pressure inside. Depending on distribution of 
inclusion strips along the thickness dimension of the wall, microlaminations generate at 
different depth; they are parallel to the surface. With further accumulation of hydrogen and 
under the action of working loads, generation of microcracks and unifying of neighboring  
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cavities occur. As a result, macrocavities, or blisters, which may provoke unsealing of 
the case, originate. 

Laminations have the following peculiarities: 
1. Significantly nonuniform rate of development. As a rule, a durable incubation 

period is observed at the stage of formation of a macrodefect (blister), followed by a very 
fast increase in the defect dimensions. The period of fast increase is usually on few orders 
shorter than the incubation period. 

2. The absence of data on the rate of degradation of properties under the impact of 
hydrogen corrosion does not allow for analytical and reliable enough computation of a 
residual service life period or the reserve life span in case of equipment with laminations. 

3. Laminations formation follows the combined action of several unfavorable factors, 
including accidental ones. For this reason, it will be hardly possible to detect laminations 
with diameter of 10-20 mm in the case of a big vessel, before blister formation is observed 
visually, with the help of local control techniques; the more so if the defect is formed at the 
structure’s sites, which are difficult to access. 

There is an opinion [1] that the ultrasonic inspection method (UT) is the sole method 
which fits the purpose of feasible detection and estimation of the lamination. However, 
with the use of this local method, it is rather hard to ensure a high probability of the 
lamination detection in the big structure. It is also impossible to assess whether the defect 
will develop further by results of testing only. 

Hence, it is helpful to have on hand a tool for localizing laminations on the basis of 
integral control of the whole structure, especially at early stages of its development. It is 
necessary for development of measures ensuring further operation of the vessel and its 
preparation for capital repair or replacement. The method of acoustic emission (AE) can be 
efficiently used as such a tool. 

However, at that, there is the problem of certain underestimation of results of use of 
the AE method. In our view, this problem emerges because of a lower sensitivity of 
additional and arbitrary nondestructive testing methods (NDT) when AE results are to be 
confirmed. It is already known that the AE method is the sole NDT method which is 
sensitive to the developing (danger-posing) defects starting from the stage of their 
germination. At this stage, the size of the defect is often lower than the sensitivity threshold 
of a traditional additional NDT method or is considered negligible judging by norms of this 
method’s failure. Therefore, even at the factual confirmation of results of AE testing by the 
conventional technique, the potentially dangerous defect may well be ignored. At that, one 
misses the possibility of early detection of the dangerous defect. Such error is caused by 
underestimation of the AE method potential, not by hardware and technological restrictions 
of this technique.  

In this paper, matters of raising efficiency of AE and additional NDT methods for 
early laminations detection are discussed by examples of practical results of pressure 
vessels’ troubleshooting. Some additional examples are presented in [2]. (Gomera, 
Rastegaev) 

 
2.Description of the defect and theoretical assessment of the possibility of its early 
detection 

 
The process of lamination development coincides in principle with the stadiality of 

development of cracks [3]; however, it has some peculiarities [4-8], which come to the 
following stages: I – incubation period (time during which hydrogen accumulation goes on 
before the moment of creation of maximum tensions in the volume, when the crack is not 
yet formed); II – germination of cracks and rise of their area due to growth and integration; 
III – formation of a bulb (blister) when the area of lamination hits the critical value (Dcr);  
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and IV – propagation of the lamination along still intact cross-section of the wall, 
with the lamination coming to the surface by means of integration of laminations, laying 
parallel at different depths, or by way of wall destruction at the point of maximum swelling 
of the blister. The above stages of lamination development are graphically shown in Fig. 1, 
with the following designations: t0 is the year of the start of operation; τ is time of operation 
prior to the moment of development of the impermissible type of lamination; τcr is time of 
the start of crack formation; τ1 is duration of the incubation period; τ2 is time of the defect 
existence before the local wall destruction; Dcr is critical diameter of the lamination, 
preceding the bulb formation[4]; and τ3 is delay of the defect detection between UT and AE 
methods of nondestructive control. 

In Fig. 1, it is suggested on the basis of fundamental concepts of the strength loss [9] 
that bearing capacity of the wall in the place of lamination ω(t) decreases. At that, if one 
uses the operation time as a discrete value, counted in terms of time of NDT data 
acquisition (at regular control, in years; and in case of monitoring, it is the time of 
averaging the data), the degree of defection of the structure of interest can be reduced to a 
model of this type: 

crtJ   0                                                          (1) 
where: ω is current level of the structure’s defection; ω0 is initial level of structural 
nonuniformity; t is current value of the service life (in years); τcr is critical point of the end 
of the incubation period and start of accelerated growth of the defect (in years); J is 
functional, accounting for the impact of metallurgic (including ω0) and operation-related 
factors (temperature, environment, moisture content, etc.) on the given structure of interest. 
Generally, functional J must have a complex structure, but within this model, it is reduced 
to the constant, so that function (1) is reduced only to time dependency. 

 Currently, NDT methods, allowing one to trace hydrogen accumulation in the 
material at I stage, are still to be found. For this reason, at that stage, the result of early 
detection can be reached only by means of prognosticating the lamination formation at 
collectors by parameter ω0, which is computed in accordance with data of joint usage of 
NDT methods, with the account of all revealed permissible defects. In the authors’ opinion, 
this approach seems to be rather unrealistic in terms of practical implementation at the 
current level of development of such methods and means, since it demands that the vessel 
manufacturer has scanned the walls of the vessel fully by different NDT methods and 
entered these data in the vessel’s certificate.  

 

 
 

Fig.1. The qualitative dependence damage of vessels wall ω(t) and the probability ofits detection(PUS(t) 
and PAE(t))from the operation time tin UTtesting and AE testingat different stages of the lamination. 
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The ultrasonic method is the major method of revealing and confirming the existence 
of the defect of the lamination type, as it has the greatest sensitivity of detection of crack-
like defects. In the case of unilateral access, the echo method of UT scanning of thickness  
with the help of the straight beam probe or fractal single crystal probe is used to search 
cracks parallel to the plane of the surface (II and III stage of lamination development) 
[10,11]. If cracks laying layer-by-layer at different depths are connected by bridges (IV 
stage of the defect development), the lamination is detected by the echo method of UT 
NDT, using the angle probe. It is known [e.g., 12] that sensitivity of the echo method starts 
to increase inline from the reflection condition 0.4∙m>L ≥ λ = С/f, where: m is width of the 
main maximum of the acoustic field of the probe; L is minimal regular detectable size of 
the defect; λ is wavelength; C is the rate of propagation of the UT wave in the material; and 
f is frequency of UT inspection. Given that main working frequencies of UT inspection 
make up: 2.5; 5.0, and 10.0 MHz, then, theoretically, L ≥ 1.3; 0.7; and 0.3 mm, 
respectively, in steel on P wave (Сp ≈ 5,850 m/s [12]), and L ≥ 2.3; 1.2; and 0.6 mm, on S 
wave  (Сt ≈ 3,260 m/s [10]). It is for this reason that in Fig. 1, the probability curve of 
detecting the lamination by the UT method starts from some minimal size of the defect L, 
permanently goes up with the growth of the defect and hits the peak when an acoustically 
nontransparent phase boundary emerges with the size of L ≥ m [11].  

The lamination can be detected by the visual-and-measurement control method 
starting from the III stage of the defect development (Fig. 1) when blisters are seen at angle 
illumination of the surface under survey, and at the IV stage when the defect comes to the 
surface, provided that the surface is accessible for visual check.  

It has become known from [7,8] that AE manifests itself differently at different stages 
of the lamination development. Judging by the authors’ experience, apart from crack 
formation, the AE source at the site of lamination can be due to the processes of friction of 
lamination fronts at the moment of its opening and closure at the increase/decrease of 
pressure in the equipment. Generalizing the data [7,8] and practical experience, one may 
presuppose the following AE pattern at different stages of the lamination development (Fig. 
1). At the stage I of acoustic emission, it is highly improbable that laminations can be 
detected because the defect is still immature. At the stage II, the detection probability is 
maximum because both types of AE sources are working. At the stage III, when the blister 
has formed, the gap of the lamination opening goes up, leading to incomplete closure of the 
lamination at the pressure rise (only in the edgings); the possibility of its development is 
related to the increase of the size only along the front of the lamination. That is why at the 
stage III of AE, troubleshooting becomes less efficient than at the stage II, because the 
events of cracks during the increment of the lamination front are rare in terms of statistics, 
and in parallel, the level of noise from fronts’ friction goes down at the rise/drop of 
pressure. The AE method efficiency rises at stage IV due to the increased probability of 
formation of long cracks at the edgings of the laminations and between the latter, as well as 
those cutting the blisters (these AE events are rare but powerful in terms of energy). Upon 
the end of processes of “opening” of the lamination, the probability of its detection by AE 
sharply drops, as only one AE source remains, being friction of fronts at the edges of the 
blister (provided that the second part of the lamination wall holds the working load). 

On the average, the minimum AE noise of the controlled structure under industrial 
conditions of the hydrotest is 25 dB (18 μV), and the minimum signal level in the place of 
the transducer installation, which will be recorded, will be limited by the discrimination 
threshold (+ 6 dB) to equal 32 dB (40 μV). Considering that the average rate of decay in 
steel is 3.5 dB/m (in the examples below) and the distance between transducers in the 
antenna array is usually 3 - 7 m, then the signal amplitude at the site of the defect should be  
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at least 43-57 dB (141 - 708 μV). The amplitude of that level accompanies jumps of 
cracks ΔL = 10 μm…100 μm - 100 μm…0.5 mm [3]. However, it is difficult to provide 
similar estimate for friction processes of the lamination fronts. 

Despite this estimate of NDT sensitivity is robust, in the authors’ opinion, it is 
sufficient for a qualitative picture, illustrating the principal possibility of the lamination-like 
defects’ early detection under a scheme, presented in Fig. 1, at  L>ΔL starting from the 
near-zero area of the defect. Time τ3, namely, time of reaching the condition L = ΣΔL, is 
defined wholly by the growth rate of the defect, i.e. by conditions initiating hydrogen 
lesion.  

 
3.Results of periodical examinations of the industrial equipment, confirming the 
possibility of early detection of laminations  
 
3.1 Example 1. 
 

The structure of control: a horizontal vessel for storing propane (Fig.2a). The year of 
commissioning is t0 = 1976; inner diameter d = 3,000 mm; total length l = 13,000 mm; the 
material is 09G2S; wall thickness s = 22.0 mm; production method: welding; operational 
pressure is рop = 0.2 MPa; operational temperature is top = 50 0С; test pressure is рtest = 0,25 
MPa; state of surface: its bottom is thermo insulated; it is painted. Factual acoustic 
properties of the vessel material: wave propagation speed is Сw = 3,150 m/s; attenuation 
coefficient is δ = 3.3 dB/m. 

During hydrotests in 2005, the AE method indicated the presence of active sources. 
At AE testing, the system Vallen AMSY4 was used together with AE probes (AEPs) of the 
type VS150-RIC (band pass of AEP is Δf = 100-450 kHz and resonance at fр = 150 kHz), 
which had the following setups: total gain is k = 77 dB, discrimination threshold is Thdis = 
47 dB, interval of duration control is 400 μs, and interval of the event end control is 3,200 
μs. In accordance with the location map of events, presented in Fig. 2b, UT inspection was 
assigned in the zones of greatest clustering (А1 and А2), which was carried out at the UT 
NDT unit USK-6 with straight beam probe K-4N (2.5 MHz). The result of UT inspection 
showed permissible single point nonuniformities of presumed metallurgic origin in 
different sections of areas А1 and А2.  

In 2011, during a regular inspection of the vessel, the visual check revealed blisters in 
the zones А1 and А2. UT scanning of the depth of lying and boundaries of the lamination 
in zones А1 and А2 by UT NDT unit of the make UIU “Skaruch”, having 4 transducers 
(2.5 MHz), showed qualitative coincidence of the shape of the lamination boundary with 
the distribution pattern of AE events at the depth of 10 mm from the surface. It is seen in 
Fig.2b and Fig.2c that the site of high AE activity (in the neighborhood of zone А1) has the 
dimensions of approx. 600х600 mm. The UT testing zone А1 has the dimensions of 
380х380 mm. It can be seen that in that zone, a significant correlation between UT results 
and configuration of the cluster of AE events with high amplitudes (more than 60 dB) 
occurs, but it has the temporal gap of six years between AE and UT tests. Thus, in 2005, the 
lamination in the zones А1 and А2 was at stage II of development. Besides, the visual 
check located laminations in other shells of the vessel in 2011. For them, no clusters of AE 
events were observed at the location map as of 2005. Hence, either the laminations did not 
manifest themselves in these zones in 2005, or they were at stage I. Then, their periods of 
development were: τ2 = 6 years; and τ1 ≈ 29 years. 
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3.2Example 2. 
 

The structure of interest: the column-type vertical apparatus, the absorber of 
hydrogen sulfide cleaning by monoethanolamide solution; t0 = 1966 year.;d = 1,800 mm; l 
= 20,130 mm; material is 09G2S; s = 25.0 mm; production method: welding; pop = 3.9 
MPa; top = 35 0С; рtest = 4.9 MPa. Factual acoustic properties of the vessel’s material: Сw = 
3,150 m/s; δ = 3.5 dB/m. 

 

 
 
Fig.2. a – Propane storage vessel’ AE testing; b – Locating scheme of the vessel in all; 

c – Enlarged fragment of locating scheme; d – Result of UT scanning zone A1 6 year after AE 
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In the 39th year of operation of the column, visual check indicated a swell showing 
that the inner surface of the metal had blisters. The number of blisters was the greatest in 
the shell of the column, which was second from the top. Internal devices: wire mesh 
demister and two plates were located at this level. Fig. 3 presents location maps of the 

given shell, acquired in different periods of the column operation. AE data were 
obtained by means of different AE systems: in 1993, РАСLocan AT with AEP R15I; in 
2001, Vallen AMSY4; and in 2005, Vallen AMSY5 with AEP VS150-RIC. AE data were 
recorded at close setups of all systems. It allowed us to compare the results of all AE tests 
using one program of analysis. 

Figs. 3a and 3b show that at the moment of the first and second test, the AE method 
proved virtually insensitive to laminations. UT inspection and visual control, carried out at 
the same moment, also failed to detect defects. It should be noted that the UT inspection 
was carried more often than AE (18, 16, 12, 8 and 4 prior to Y2005). Results of UT 
inspection were similar to those in Example 1, showing permissible single point 
nonuniformities of presumably metallurgic origin. At UT, activation occurs after the 1st 
echo signal, but, due to the sustained sequential signal of reflection from the bottom 
surface, the conclusion about the presence of liquation of nonmetal inclusions without 
laminations was made (thus showing the acoustically transparent defect). In 2001, at UT 
thickness measurements, similar acoustically transparent defects were detected at the depth 
5-17 mm and they had the area equivalent to reflectors with diameter sizes 1.5…4.0 mm 
(some, up to 7.0 mm). 

 

 
 

Fig.3.Results of locationof AEsources inthe shellof the column from Example 2 
 after different lifetime: a – 27 year; b – 35 year; c – 39 year 
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In our view, this result can be deemed as the UT criterion of the presence of 
developing lamination if it is confirmed by AE results. In this case, the lamination at stage 
II of development could be identified by the UT method already in 2001. But AE testing, 
held that year, failed to identify sustained location clusters (although the number of single 

events, including location ones, increased vs. the previous test). Probably, it matches 
the hypothesis about statistically rare AE events at this stage of the lamination 
development. The certain number of nonuniformities per unit of the material volume should 
exist to initiate the critical tense state. Inparticular, it is notedin [7, 8, 13]. 

During the column testing in 2005, blisters were located visually, and AE testing was 
carried out to assess its sensitivity to the III stage of development of the lamination. 
Location results are presented in Fig.3с and Fig.3d. It can be noted (Fig.3d) that location 
events are absent in the points of blister formation, but accumulations of events around 
these zones take place (zone No. 1 and so on). Vice versa, there are places where blisters 
have not been found by visual check but which have a sustained cluster of AE events (zone 
No. 2, etc.). Results of UT scanning at the NDT unit UIU “Skaruch” with four integrated 
sensors (2.5 MHz) of zones Nos. 1 and 2 are given in Figs. 4a and 4b.  

 
 

Fig.4. Results of UT-scanning on plots No.1 and No.2, marked on the shellof the column  
 in Fig.3: a – the plot No.1; b – the plot No.2 

 
Judging by reflected UT signals, it is seen in Fig. 4 that the reflecting phase boundary 

is recorded at site No. 1 around all the area of the blister. The boundary consists of 
reflectors lying at one depth. At site No. 2, high concentration of small nonuniformities, 
located in an irregular pattern, is observed. They lay at different depths. This finding, 
perhaps, predetermines the difference in concentration levels of local tensions in the metal 
and, hence, in the reaction of the material towards the load applied during the test. In turn, 
it defines the intensity of cracking processes and parameters of AE activity, respectively. 
Therefore, the zone which hosts the defect, pertaining to the II stage of development, 
manifests itself as the zone of high AE activity upon reaching the certain concentration of 
microdefects. It is likely that it is the most AE-active stage of the developing blister in 
energy terms. The site of the developed blister, pertaining to the III stage of development, 
forms a “silent zone” in the metal from the point of AE activity(sometimes, these sections 
of location maps can be visually defined as “clear” zones; generally, they are round and 
surrounded by sites, saturated by location events). The probability of its AE detection goes 
to minimum, but the probability of the lamination recording by the UT method becomes 
absolute, if, of course, its location is known. For this example, τ2 ≈ 4 years and τ1 ≈ 35 
years. 
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3.3Example 3. 
 

The object of inspection: the vertical column-type apparatus (Fig.5a), the absorber 
cleaning hydrogen sulfide with monoethanolamide solution. It performs the same functions 
in the technological process as the apparatus in Example 2, but it is used in the other 
technological unit;  t0 = 1968 year.; d = 1,600 mm; l = 18,354 mm; material is steel 09G2S;  

s = 28.0 mm; production method is welding; рop = 3.9 MPa; top = 35 0С; and рtest = 
5.05 MPa. Factual acoustic properties of the vessel material are: Сw = 3,150 m/s and δ = 3.5 
dB/m. 

AE data were processed in accordance with layouts similar to those in Example 2. 
Primary information was obtained using systems:  РАСLocan AT with AEP R15I (1996), 
Vallen AMSY4 (1999), and Vallen AMSY5 with AEP VS150-RIC (2010). This example 
allows one to: 1) trace back some time course of AE indication of the defect in the column 
bottom (the area of the product’s entry into the apparatus and the place of location of the 
wire mesh demister) in accordance with the data of several inspections; and 2) show the 
example of negative influence of the traditional domination of UT results over AE results. 

UT inspection was assigned at the site of registration of active AE sources: site B1 
(Fig.5b) in 1996 and B2 (Fig.5c) in 1999. It was carried out at the UT NDT unit “Skaruch” 
with 4 integrated transducers (2.5 MHz). The result of UT was as follows: single point 
nonuniformities which have presumably the metallurgic origin were detected in different 
parts of sites B1 and B2, and the defects were considered permissible. In view of a higher 
priority of results of the arbitrary testing method, the AE-revealed defects were recognized 
as not dangerous. Additional measures of control over the column state were not 
established. 

The routine UT inspection held in 2007 fixed the presence of the well-developed 
system of structural nonregularities, similar to the system presented in Fig.4b. 
Nonuniformities were mainly recorded at the depth of 10…14 mm at the site B1 and 
16…20 mm at the site B2. The back wall signal was present. 

Before the inspection in 2010, one could with large probability predict by results of 
previous AE tests (Fig.5b and Fig.5c) and UT inspection in Y2007 that laminations at the 
stage of development no lower than II were present in lower shells of the column.  
Therefore, AE testing focused on this site: the density of AEPs installation was greater here 
than that accepted in the common practice. The results of location of AE sources at testing 
of Y2010 are given in Fig.5d.  
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Fig.5. Results of location of AEsources inthe lower part of the column from Example 3 

afterdifferent lifetime: a – 28 year; b – 31 year; c – 42 year 
 
Based on testing results, 7 sites (including B1 and B2) were marked on the case as 

those where geometric parameters of AE sources would be defined by the echo method of 
UT. The site B8 was chosen as control one. UT inspection results are summarized in the 
Table: 

 
Site Defect Depth (mm) Area (m2) Back wall signal 
B1 Nonuniformity 9.0-12.0 0.24 Absent 
B2 Nonuniformity No measurements Absent 
B3 Single nonuniformities 10.9-21.0 – Present 
B4 Single nonuniformities 8.5-20.0 – Present 
B5 Nonuniformity 9.0-12.0 0.16 Absent 
B6 Nonuniformity 9.0-12.0 0.10 Absent 
B7 Nonuniformity 9.0-12.0 0.16 Absent 
B8 Defects not identified – – Present 
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Visual inspection of the column did not reveal blisters having classical shape of the 
bulb on the walls. But laminations development was reliably detected by the absence of the 
back wall signal at UT. Therefore, the state of laminations at sites В1, В2, В5, B6, and B7 
can be estimated as approaching the III stage (bulb). 

After the estimate of the column state based on results of the third AE test and 
sequential recording of laminations by the UT method in the areas of AE activity, the 
apparatus was recognized as unfitting further operation. As it was unfeasible to replace the 
column immediately, one had to change the technological design in the emergency mode so 
that the column was excluded from operation before a new apparatus was made. 

Since for technical reasons, some time passed from the apparatus’ withdrawal from 
operation to its dismantling, the option of an additional testing of the column by the AE 
method was used. In this case, testing could be carried out under conditions of excess over 
the regulatory test pressure. 

One can presume that during the idle time, destructive processes continued to occur 
in the metal. As technological corrosive factors could be excluded on the whole, factors of 
atmospheric corrosion were likely to affect the metal. The indirect evidence is that the first 
attempt of the testing was to be interrupted at pressure P=4.7 MPa because of the breakage 
of the drain connection in the place of formation of a big corrosion-related crack. It is also 
indicated by high AE activity of the inspected object (Fig.6a). At the test repetition, the 
pressure P=7.5 MPa was reached. At that value, leaks via flange connections made the 
further pressure rise impossible. The location results were present in Fig.6b. The main AE 
activity was recorded at the pressure greater than the maximum pressure of the first test. 

 
Fig.6. Results of location of AE sources in the lower part of the column from Example 3 

during optional tests: a – 1st test, PMAX = 4,7 MPa; b – 2nd test, PMAX = 7,5 MPa 
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Now, if one traces back chronologically the change of AE activity of the tested 
object, one may conclude that, at the first glance, it does not correspond to the concept 
proposed in Fig.1. At sites B1 and B2, the activity either goes down in agreement with the 
transfer from the II stage to the III stage or goes up anew, returning to the II stage. Thereat, 
on the whole, the activity of the object is on constant rise in agreement with the increase of 
the time of operation.  

Of course, increasing sensitivity of the hardware, a greater density of transducers’ 
installation, and extension of the frequency range (in the latest tests, Δf= 50-800 kHz) made 
their contribution to a formal increase of the activity.  

 
Fig.7. Plot B1 during AE and UT PA inspection (a); locating scheme with amplitude distribution of AE 

sources in area of the plot B1 in the 1st (b) and 2nd (c)AE testing of rejected column; 
UT PA results comparison with the results of the 1st (d) and 2nd (e) AE testing 
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But the major arguments for the concept can be obtained, in our opinion, from 
consideration of Fig.7b, c, d, and e. Few metal samples were cut off the column wall, 
including the section with the site B1 (Fig.7a). The, the UT inspection  of the sample was 
carried out using UT Phased Array unit HARFANG VEO. Shown in Fig.7b are the results 
of location in the area of the cutoff sample (with sources’ distribution by amplitude).  In 
Fig.7d, e, these results (for better contrast, without statement of amplitudes) are combined 
with results of the UT sample (upper view). At least at the qualitative level, it is seen:  

1. The first pressure rise initiated the growth of cracks mainly on the boundaries of 
non uniformities of a big size, forming the well-developed system in the upper section of 
the sample. AE events here are characterized by high amplitudes (end of the II stage and 
the beginning of the III stage). One can say that the process of transition of the metal’s site 
with the area of approx. 250х400 mm to the III stage of the lamination when comparing the 
UT PA result with Fig.8. For the purpose of comparison, the UT PA result for the sample 
with the cut blister, close in terms of the image pattern (III stage), is presented in Fig.8. In 
the lower section of the sample, where only separate, big nonuniformities are located, but a 
significant number of small structural nonregularities is recorded, the number of AE events 
is lower and their amplitudes are low as well (I stage and the beginning of the II stage). 

 

 
 

2. The second pressure rise essentially changed the pattern of AE activity. The 
greatest density of AE events is observed now in the lower section of the sample in the 
neighborhood of the biggest local non uniformities. The amplitudes are mainly small: there 
are many cracks but their size is small (the developed phase of the II stage). Clearly, the 
upper section has completely transferred to the III stage and AE activity here is 
insignificant. Events with the highest amplitudes are recorded on the conditional boundary 
between the upper and lower sections of the sample. Probably, this site could have become 
the zone partitioning two potential blisters, if operation of the column continued. 

The additional factor of the alleged “return” to the previous stage can be development 
of the lamination at different levels along the wall thickness dimension. Conditions of the 
lamination development essentially depend on the depth of its laying. It is possible to 
record laminations reliably only when using UT PA NDT units of the top grade. In Fig.9, 
the result of scanning of a vertical band of the metal 30х500 mm at the site B1 with the 
help of HARFANG VEO non-destructive test unit (in 2010, before the cutting of the 
sample). The lateral view shows the presence of the lamination at two levels: first, at the 
depth of 11 mm (fixed by UT scanner, see Table), and second, at the depth of 20 mm 
(earlier unrecorded).  

Fig.8.Blisterin the vessel wall cut in the middle(a) and US-image(top view) half of the blisters 
inside the wall(b).The results  by  Phased array  

UT flaw detector HARFANG VEO. 
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Thus, based on results of AE testing in 2010, it is seen that sites B1 and B2 were in 
the end of the II stage of development of the defects. Estimated τ2 makes up over 14 years, 
and estimated τ1 is about 28 years. 

Generalizing the results of analysis of all considered data to some extent, and, in 
particular, considering the results given in Fig.7, one can note the following: 

1. As a rule, conditions for the lamination development exist at the larger area of the 
vessel vs. the size of local lamination. The usual diameter of the fully formed local 
lamination (blister) for the surveyed group of industrial equipment is no more than d=10-20 
mm. It is related to the fact that the value of the tension intensity coefficient at the 
boundaries of the blister grows with d rising to a certain value, then it is stabilized and 
finally somewhat goes down [14]. The concept, presented in Fig.1, pertains to the process 
of development of local sites per se (d=10-20 mm). 

 
Fig.9 Result of one passage on a plot B1 of ultrasonic flaw detector HARFANG VEO. There is a lamination 

two levels of wall thickness. 
 
2. Depending on the initial structure of the metal, different temporary stages of the 

laminations’ development may be observed at different local sites of the zone under action 
of low-temperature hydrogen corrosion. The illustration of this situation is the observed 
stadiality in the development of zones of AE activity with the growth of the applied 
pressure (see Fig.7 and [2]). In expression (1), the degree of the structure’s lesion and, 
hence, tensed state in the zone of the defect are generalized in such parameter as time t. 
Therefore, in turn we can model the increase of value t by means of raising the value P in a 
broad range during the test. At that, it becomes possible, by the nature of AE activity, to 
discriminate not only defects which are at different stages of development, but also observe 
the transition of single defects from one stage to the other. Regretfully, in practice, it is 
difficult to realize the idea of changing P in the broad range of procedural test pressures. 

3. Detection of signs of laminations of the II stage at the object of AE control can be 
the sign of presence of laminations belonging to the higher III stage. Search for such 
defects is simplified by that fact that they, as a rule, are located near defects of the II stage. 
Detection of laminations of the III stage is robustly realized by means of UT. Using AE 
results shortens the scope of UT needed. 
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4.Discussion of results and recommendations concerning their use 
The results obtained show that standard techniques can be used for AE laminations 

detection; however, the efficiency of their application for early laminations’ detection can 
be increased under the following conditions: 

1. In the case of recording signs of lamination at AE testing, one should use, as the 
UT criterion of the lamination, thickness “jumps” or presence of multiple permissible 
defects laying at different depths. The criterion remains true both at presence of the 
sustained consequential back wall signal and at the absence of the signal. 

2. Parallel use of UT scanning technology with the straight beam probe (UT) and 
angle probe (UT) when verifying AE results. It will allow for a decrease in the time of 
conflict of AE and UT measurement results (τ3 – Fig.1). The greatest efficiency is reached 
at the use of frequencies of UT control which are as high as possible (at least 2.5 MHz) and 
use of smart antennae. However, one should note that these measures do not rule out the 
problem of sensitivity dissonance of AE and UT methods in full at the early stage of the 
defect development. This fact should be considered if the results diverge. The priority in 
this situation should be given to the AE method as it is more sensitive and records the 
developing defects. Besides, AE provides a more conservative estimate that is important for 
dangerous industrial objects. 

3. In the case if significant defects are not found at the sites of location of AE events 
by the UT method, one should complete prophylactic visual checks and UT inspections of 
those sites with the interval less than the term of procedural checks. The standard design of 
UT testing should be changed to include, in the first order, sections adjacent to zones of the 
AE activity, for searching possible defects of the III and IV stages of development.Also, 
any sequential procedural hydrotest of the vessel must be accompanied with AE testing. 

4. Using broadband AEPs (20-500 kHz) or simultaneous parallel installation of 
resonance low-frequency AEPs (e.g., 65 kHz) and high-frequency AEPs (150 kHz and 
more) in some antenna groups in order to increase the sensitivity to crack-formation and 
friction processes on the boundaries of the lamination. 

5. The probability of lamination detection at any stage of the vessel operation (Fig.1) 
at periodical AE testing will be lower than that existing when the technology of constant 
AE monitoring is used. If constant AE monitoring of equipment working in hydrogen-
containing environments cannot be organized, then it is recommended that the first AE 
testing should be carried out in 3-4 years since the start of operation and subsequent AE 
tests, every 2-3 years; they should be combined with procedural hydrotests.  

 
5.Conclusion  

 
By practical examples, some peculiarities of development of the lamination-type 

defect are shown. The authors give qualitative assessments for the relative likeliness of 
detecting different stages of the lamination development by the AE and UT methods. The 
possibility of localizing laminations at the II stage of development (at early stage) is 
experimentally shown, originating from integration of advantages of both methods. 
Recommendations are provided concerning the increase of efficiency of their combined 
use. 

The unexpected failure of equipment is related to potential fault and/or long stop of 
the technological unit due to repair or replacement of the defective vessel. Replacement of 
large-tonnage equipment takes long time (design, production, transportation, assembly and 
hookup of a new vessel and dismantling of the old vessel) and is a measure which requires 
planning. Therefore, early troubleshooting is efficient from the economic point. 
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The examples given have shown that time of the lamination existence from the start 
of crack formation to decay (τ2) can be estimated as the period from 4 through 14 years. 
Early lamination detection (at the II stage) allows one to make the time of preparation for  

the equipment replacement  essentially closer to value τ2. It renders the possibility to 
plan costs, make the equipment, bring it to the site of assembly and replace it during the 
nearest regular prophylactic stoppage of the technological unit while it is in the normal 
mode of operation. 
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