
EWGAE 2008  28-European Conf. AE Testing 

 298 ©2008 EWGAE, Cracow UT 

SOME RESULTS OF AE TESTING OF PRESSURE VESSELS AT KIRISHI 
OIL REFINERY 

 
B.S. Kabanov, V.P. Gomera, V.L. Sokolov, V.P. Fedorov and A.A. Okhotnikov 

Kirishinefteorgsintez, 187110, Kirishi, Russia 
 
Keywords: pressure vessels, complex testing, oil refinery 
 
Abstract 
 

The article describes some results of AE laboratory at an oil refinery during the past 16 years. 
Some problems of AE application for testing industrial pressure vessels and possible solutions of 
these problems are presented. On the pressure vessel test, it is shown that AE testing is the essential 
factor for increasing of the efficiency of complex NDT of dangerous industrial hardware. 
 
Introduction 
 

NDT is the main means of achieving reliable operation of industrial pressure vessels and piping. 
This information is necessary for industry and environmental safety provision of potentially danger-
ous processes. Kirishi refinery is the largest one in Russia. It processes 22 billion tons of crude oil 
per year. More than 70% of production is exported. There are several thousands of pressure vessels 
at the refinery and they are the main objects for AE testing at the plant. 
 

 
 Fig. 1. Results of pressure vessels AE testing at Kirishi oil refinery. 

 
Problems of AE Applications at the Refinery 

 
1. The feature of AE testing is an opportunity of integral assessment of condition of an indus-

trial object. Meanwhile collected information contains reactions of a large number of control 
channels to physical processes of different nature; for example, the formation of cracks, fretting 
or friction of construction elements, noise of turbulent flows, etc. The extraction of the informa-
tive characteristics of crack formation from the “interfering” processes is complicated task. 

2. AE test procedure is connected with the detection of dynamical processes. The analysis of 
such processes is more complicated, than one of static processes, which are the base of the most 
traditional NDT methods. Therefore the serious problem in AE testing of industrial objects is the 
correctness of usage criteria for assessing the hazard level of defects. These criteria, basically, are 
derived for the small specimens for laboratory testing, but we believe that AE testing of pressure 
vessels requires another type of testing including material testing in fracture mechanics. Every 
industrial object (unlike laboratory specimen) is a complicated system with individual features of 
AE generation during its loading. Many factors influence on AE features, part of which is impos-
sible to predict a priori. Therefore, direct use of formal criteria and automatic algorithms does 
not yield adequate assessment of defect hazard. Automatic algorithms are advantageous in speed 
of decision-making, but often unsuitable for solving non-standard tasks. 
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In the situation described above, the competency of experts is essential. But this practical ex-
perience is difficult to be formalized. It accumulates as a result of analyzing a large volume of 
experimental test data of industrial objects. Unfortunately, in such experience prevails subjective 
component. The objective component of our practice is the usage of high-quality hardware and 
software for data collection and analysis. During 16 years we utilized several AE systems, each 
of which was one of the best in the world at that time. Our experience has been formed as a result 
of about 450 pressure-vessel tests. Synthesis of objective and subjective components has given 
the results that may be assessed as successful: in our plant AE method becomes established and 
included in the system of basic NDT methods, though it was taken as exotic at the beginning [1-
3]. Even so the role of subjective experience is still significant.  

3. As a rule, in today's Russia, the development of high technology and expensive NDT 
methods is possible only with direct financial support of large industrial companies. In spite of 
advantages of AE method, its implementation is possible only where management has progres-
sive thinking for enhancing the safety and is willing to provide financial support until the benefits 
overcome the cost. For this reason the implementation of AE method does not depends on its ad-
vantages but depends more on the attainment level of factory management. 

4. The problem of “false-negative rejection”. According to testing results of alternative NDT 
methods only a small part of active AE sources (15-20%) are considered as indicators of signifi-
cant defects. As a rule we cannot predict the hierarchy of the relative hazard of defects on the re-
sult of AE testing. All active sources in AE test method are considered to indicate potentially 
dangerous defects, until the opposite would be proved. For the testing of dangerous objects this 
strategy is more preferable, than “non-rejection”. Such approach may be compared with inadmis-
sibility of any cracks in pressure vessels, which is declared to be Russian norms [4]. Probably 
such approach could be compared to the complication and ambiguity of the hazard assessment of 
cracks that is offered today by fracture mechanics. All the more, it is hard to expect that similar 
tasks would be solved explicitly by AE method. 

5. The previous problem is only the consequence of other problems: the verification of the re-
sults of AE testing is not just useful, but necessary. Unfortunately, in our applications, we cannot 
use AE method as in-depth method. AE results must be confirmed with other NDT methods. On 
the other hand, AE method is used to assess results obtained with other NDT methods. If any lo-
cal defects are first detected with a conventional NDT method during vessel inspection, it is a 
reason for further AE testing. As a result of AE testing, first, AE is used for logging the kinetics 
of defect's development for danger assessment. Second, AE determines the location of other de-
fects, if they exist in the structure, but undetected due to their locations being out of inspection 
zone of traditional methods. 
 
Efficiency of AE Method for Integral Testing 

 
Complex testing allows us to compensate disadvantages of different methods and to combine 

their advantages. Furthermore, combination of test methods increases the probability of detection 
(POD). AE method may be used as the basis in complex testing due to their unique properties, 
such as the capability to integral testing of large constructions and the detection of defects with 
potential for growth. It also may be thought as investment to achieve savings in testing of large 
objects. For example, if AE testing is applied, it is not necessary to test 100% of welds of large 
pressure vessels by conventional methods. Disadvantages of conventional methods (low produc-
tivity, large material and time costs for metal preparation, etc.) do not allow making the complete 
testing of large objects within a reasonable period of time. In complex testing, AE method is first 
applied for localizing zones with potential defects, and then other NDT methods with lower pro-
ductivity are used in those local zones to find geometry of probable and confirmed defects. In 
such way realized the conception of economically efficient 100% test of large objects. 

This approach is shown in the following example. Test object - spherical vessel for LPG stor-
age with inner diameter 10.5 m, wall thickness 16 mm, volume 600 m3. There are 16 longitudinal 
steel sheets welded with each other and terminated by the hemi-spherical top and bottom caps. 
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Analysis of AE test data showed local zones of the shell (with pointed coordinates and size), 
which need additional testing by conventional methods (VT, UT, PT, RT). Also indicated are the 
possible type of defects and the degree of their possible hazard (according to the features of reg-
istered signals). On Figs. 2 and 3 are shown the results of additional testing. 

 

 
Fig. 2. Drawing of upper part of the sphere tank (10.5-m diameter) with weld marks. Defect 
zones (1 to 3) are also indicated. 

 

 
Fig. 3. Drawing of lower part of the sphere tank (10.5-m diameter) with weld marks. Defect 
zones (4 to 6) are also indicated. 
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Zones 1 to 3 with defects localized by AE and then verified with conventional NDT methods 
are shown in Fig. 2: 
• Zone 1 – a cross crack of 5-mm depth at the weld of upper cap; verified with VT and PT. 
• Zones 2 and 3 – zones with relatively high AE zonal activity. Sources were not localized by lo-

cation algorithms. This could be explained that these are small defects, which increased their AE 
activity while load was applied. Probable type of source is the irregularities of metal or small de-
fects, which are located close to sensors. There were small defects below the UT limits, but de-
tected with AE. 

In two zones, determined with planar location, and in one zone determined by zonal location, 
there were no defects verifiable with UT and PT 

To carry out additional inspection for finding the type of active AE sources, it was needed to 
use the aerial lift, to build scaffoldings and partially dismount service passes (in the upper part of 
the vessel). After the additional inspection, that constructions were used during repair job of de-
tected defects. It is necessary to notice that the probability to find these defect zones by tradi-
tional NDT methods was very low; zones with defects (base metal, welds, located in the upper 
part of the vessel) are seldom getting in the scope of ordinary testing. 

In Fig. 3 are shown zones with defects localized by AE and then verified with conventional 
NDT methods: 
• Zone 4 – a part of weld (900-mm long) in the middle part of the tank: UT was applied and it de-

tected defects of non-allowed dimensions; the defective weld was repaired (shell segment was 
localized as a zone of high AE activity around channel #8). 

• Zone 5 – area of parent metal on the inner part of the surface with crater type defects, which 
had the mechanical nature (maybe they appeared during the tank assembly); the depth is 2-4 
mm., area to 250 mm2, defects verified with UT and PT; 

• Zone 6 – weld defect in the middle part of the tank, verified with UT, repaired. Zone registered 
with planar location on the sphere. 
In two more zones localized on one of vertical welds, the defects were verified with UT, and 

weld was repaired. There were also detected two zones of AE activity, but defects were not veri-
fied with UT or PT. 

Concerning the precision of localization of defect by AE, in real engineering practice, the 
scraped square for the conventional NDT methods of UT and PT is usually 300 x 300 mm. The 
test takes place at this square. Let us consider, for example, Zone 5 (Fig. 3), determined by AE. 
Zone is formed with three closely located clusters. The largest cluster (100-cm diameter) con-
tained 12 events, detected by a minimum of three sensors. The cluster was initiated by integral 
action of crater defects. They are located, mainly, in the form of three compact groups, localized 
on squares with dimensions from 10 to 30 cm2  (in Fig. 3 the dimensions of location cluster are 
enlarged for visualization; in real tests, cluster dimensions were smaller). For three compact 
groups of defects, at a given cluster size of 30-cm diameter, the coordinates of cluster center cal-
culated by the spherical location algorithm differ from the coordinates of cluster centers of real 
defect groups, measured at the object in the following way: 

 
Coordinates of AE sources 
measured directly on object 

(the centers of defects 
groups, Degrees) 

Spherical location results 
(coordinates of the location 
clusters centers, Degrees) 

Absolute difference in  
coordinates value  

Longitude Latitude 

Location 
clusters 

Longitude Latitude Longitude Latitude Deg mm Deg mm 
Cluster №1 131.0 -58.0 130.6 -57.8 0.4 19 0.2 18 
Cluster №2 138.5 -58.0 137.0 -59.3 1.5 73 1.3 119 
Cluster №3 146.5 -57.0 145.5 -57.6 1.0 49 0.6 55 

 
According to Russian standards [5], the precision of multi-channel location shall be better 

than greater of two wall thicknesses or 5% of distance between two sensors. According to the 
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first criterion we obtain: ∆1=2h=32 mm. On the second criterion (the distance between two sen-
sors varied from 2700 to 3400 mm) ∆2=135-170 mm. So the precision of location is within the 
limits prescribed in the standards. The minimal size of inspection for NDT used in refinery prac-
tice is 300-mm square. Therefore, such precision is satisfactory for engineering applications. In 
some cases, the size of preparation zone for additional NDT may be increased to 400 or 500-mm 
square when location uncertainty is suspected. 

It can also be used for the planar scheme for locating specific segments of a vessel, because 
the sphere diameter is large and the square segment is small relative to the whole surface. It is 
useful for detailed analysis of spherical location and is shown on Fig. 4 for Zone 3. 

 

 
Fig. 4. Results of planar location of AE source activity on the shell segment of LPG storage tank, 
which was identified as defect group of crater type defect on the inner surface of the vessel. 

 
On the example vessel, it is necessary to test about 490 m of welds. For inspection with PT or 

UT (under a code clause of 100% welds inspection), we must prepare the metal surface area of 
more than 147 m2 (covering 150 mm on both sides of the weld). Yet, such methods do not inspect 
the parent metal of the shell outside the welds. Here lies the effectiveness of AE method for in-
spection as every part of structure is examined automatically. 

By AE testing the whole volume of metal is evaluated with a network of 48 sensors (mesh of 
the network is determined with test conditions and test purposes). Scraped area for 48 sensors is 
about: 0.01 x 48 = 0.48 m2. Furthermore, for checking AE test results by PT and UT methods, it 
is necessary also to scrape the surface in the zones, localized with AE method. So in the example 
considered, the scraped area for NDT was 1.35 m2. Total scraped area was 1.83 m2. Comparison 
with previous evaluation shows a high efficiency of AE testing applied as an integral method for 
diagnostics of large pressure vessels. 

So, AE testing is a good tool for NDT resource optimization in condition monitoring, when it is 
necessary to provide a high level of diagnostics of dangerous industrial objects within limited time 
available for inspection. 
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Conclusions 
 
1. Phases for implementation, for demonstrating the capabilities and for proving the effi-

ciency of AE method are successfully finished at Kirishi oil refinery. 
2. It is now at a stage of determining the optimal utilization schemes of AE method in com-

plex testing, which combines the capabilities of several NDT methods. 
3. We have started the implementation of continuous AE-monitoring technology. The re-

sults of trial performance will be used for the assessment of implementing AE-monitoring sys-
tems at the new production lines. New equipment will operate in more difficult conditions than 
one of the existing production lines. Therefore, it is necessary to develop new technologies for 
their safe exploitation. 
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