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Abstract

Experiences of AE inspections of pressure vessel at Kirishi refinery are summarized. This is
to demonstrate AE method despite rather complicated interpretation of results can become an
important part of refinery NDT department. AE is shown to be a useful tool in the production
equipment safety system.

Introduction

Pressure vessel AE inspections started at Kirishi refinery at the end of 1980s. At first, such
jobs had been carried out by outside research centers and independent service companies. In
1991, the refinery organized its own AE inspection laboratory, the first one among Russian
refineries. Since 1992, the AE inspection laboratory has conducted the AE monitoring of refinery
equipment. In some cases, some research centers had been involved in complicated vessels tests,
but since 2000 the refinery AE inspection laboratory conducted all the tests.

Some results of 10-year activity of our AE inspection laboratory are presented in this report.
The main purpose of this article is to demonstrate AE method (despite the fact that results
interpretation are rather complicated) can become an important part of refinery NDT department.
Moreover, it is quite reasonable for the petroleum and chemical industries, where a large number
of pressure vessels and storage tanks must be tested, to have a specialized AE laboratory.

Fig. 1. Pressure vessels AE inspection results at Kirishi refinery from 1992 to 2002.
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Statistics

For AE tests we use two inspection systems � LOCAN AT (PAC, USA) from 1991 and
AMSY4 (Vallen-Systeme, Germany) since 1997. Depending on the test tasks, one or both of the
systems have been used. For example, when we test the large-size vessels, we inspect the upper
part with the help of one, and the lower part with the second system.  To the present, we have
tested more than 250 vessels. Some statistical data are presented in Figs. 1 and 2. The list of the
most serious defects, detected with AE method, is shown in Table 1.

Some Application Techniques

On the basis of our experience, we point out some aspects of AE applications at the plant site.
These notes can be useful for the AE specialists involved in similar tests in different branches of
industry.

1. Some important notes of organization procedure
1.1. Test planning
Based on the recommendations of corrosion engineers, a safety department manager issues a

list of pressure vessels to be tested with AE technology within upcoming year. This list is
included in an Annual Preventive Refinery Maintenance Plan. The presence of process causing
alkaline cracking is the reason for the vessel to be included in such a Plan. The vessel preparation
for AE tests is also included in the maintenance documents.

Fig. 2. Pressure vessels AE inspection structure according to equipment type.

1.2. Preparation instruction for the AE test of a vessel.
AE test procedures demand the preparation of the object, involving various activities by

technical staff. A manual for AE test preparation procedure was created in order to avoid the
possible subjective factors, affecting the quality of preparation. In the manual, the order of
preparatory steps and the persons responsible for those steps are prescribed.

1.3. Vessel pressurization equipment
At the beginning we used vessel's own capabilities to pressurize itself. It created some

problems connected with the rate of pressurization, keeping the pressure and releasing it. In order
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to avoid all these issues, AE inspection laboratory is equipped with a portable electric pump.
Initially, the tested vessel is filled with water. Then we use the pump to create excessive pressure
inside the vessel. The process of pressurization is fully under control by AE laboratory
specialists.

2. Positive image creation for AE
The creation of a positive image of AE laboratory and finding allies among refinery

specialists are very important. We use any opportunity to inform them about capabilities,
advantages and even physical principles of AE method. It is impossible to overestimate
popularization of AE method.

To achieve these goals the advantages of the method should be shown and proved (through
literature examples and/or experience) to the specialists, who are responsible for the safe and
reliable performance of vessels and pipelines and also to those who are experts in corrosion
protection of equipment. The most effective are the cases, where the emergencies are prevented
with help of AE technology. There have been some cases in our practice, when very serious
defects were detected, which could lead to dangerous emergencies. More over, these defects
could not be detected with any other methods. For example, dangerous defects had been detected
at the amino-treatment absorber just a few hours before the production process started up
(Appendix, Table 1, Item 23). Due to the nature of the detected defects, the probability of an
emergency was high. Later, it was found that the defects were similar to those defects, which
caused the accident of amino-treatment absorber in Romeoville, Illinois, USA, in 1984. There
were 17 victims in that accident and refinery lost more than US$100 million [1, 2].

3. Results interpretation
Formal use of any known system of AE results interpretation for pressure vessel condition

estimation is not the most successful approach. AE method is based on probability approach (as
others NDT methods of complicated objects). Thus, an AE specialist who is in charge for
analyzing AE data has to treat the formal rules, traditional approaches etc as only as a guide. He
must take into account his own subjective thoughts, guesses, feelings etc because they reflect his
experience, knowledge about particular objects under the test.

Applying Bayes approach (subjective/objective approach) we can take "non-formal"
information (such as thoughts, guesses, feelings etc) as an analogue of a priori density
distribution probabilities of Bayes approach, while real data collected during AE test, formal
techniques etc can be taken as an analogue of objective component (truth function) in expression
for a posteriori distribution.

In this connection the ability to use non-formal information can be considered as one of the
key professional skill of AE specialist. Accordingly, the AE equipment has to have capabilities
for developing and applying such skills, for instance, providing maximum options of data
collection and its interpretation. The best modern systems meet this condition and allow building
up any desired structure of data evaluation in accordance to specialist's skills.

Some Pros and Cons of AE Inspections Implemented by Refinery Specialists

Among the main advantages of AE, it may be pointed out:
1. It has provided the maximum flexibility in actions.
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2. Many Russian refineries are equipped much better than research centers and third party
service companies in Russia.

3. The variety of the objects for AE testing at refinery provides the excellent opportunity for
AE applications research. On the other hand it is difficult to simulate in laboratory conditions or
in theoretical model all the variety of real objects.

4. As a rule, the plant specialists know the object's specific features and their characteristics
to be inspected with AE method very well.

Points mentioned in items 3 and 4 lead to the formation of specialized experience of AE
technicians. This experience is limited, perhaps. However, it is often enough for reliable and
successful AE inspections of plant equipment. It forms a good base for a comprehensive
approach to the object inspection. Within refinery it is possible to get any operational and agreed
information, instrumental support concerning the vessel operation from technologists,
mechanics, maintenance and NDT personnel. The usage of complex approach allows extending
database of knowledge involved into inspection results analysis. In some cases, it allows to
detect the defects, which may be missed in the event that traditional approach would be applied.
As a result, the quality of AE inspections is increasing.

The following disadvantages of AE can be mentioned:
1. The main distinctive feature of AE inspection at the refinery is a tight maintenance

schedule and as a result - a shortage of time for results analysis. As experience says, there is
enough time for defect detection, but sometimes there is no time for their detailed investigation.
Moreover, the defects are not investigated at the refinery, but they are fixed, and often, very fast.
It is evident that a part of information concerning the defects is lost, but the production has
higher priority than defects research.

2. Sometimes the AE tasks can be complicated thus leading to mismatching to the knowledge
and experience of refinery personnel. In some cases quick requests to the experts are not possible
and their responses are not available. However, with gained experience, this problem disappears.

Examples

The above written thesis may be illustrated with examples from our practice. Let�s consider
the case, when the information about the specific properties of inspected object helps to assess
the inspection results, while the formal approach can lead to mistakes in results assessment. For
example, traditionally, the remarkable emission at low load is related to �bad emission� and is
related to mechanical noise [3]. But it is not always correct.

In Figs. 3 and 4 the results of AE sources planar location for two different vessels shells are
presented. In the first case, it is the gas fractionation vessel of 40 cubic meters capacity; in the
second one it is the top distillation column with 200 cubic meters volume.

In Fig. 3, there are 3 zones marked out where the following defects were detected:
(1) - the crack in the weld root of T-weld with 55 mm long and 20 mm depth (wall thickness

is 30 mm);
(2) - the group of blisters on the inner surface of the shell within area of 170 x 40 mm, 2-3

mm depth;
(3) - crack of 30 mm length, 5 mm depth in the root of T-weld.

Defect localisation in zones (1) and (2) was performed by planar location. The crack on zone (3)
was detected by analysing relative activity of inspection channels at the different load stages.
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In Fig. 5, there are also 3 defective zones marked out. The zones are numbered from 4 to 6.
Those zones contained the following defects:

(4) and (5) - multiple developed pores in inner side of the shell at 2-3 mm depth,
(6) - defect in the weld (large non-metal inclusion, due to which the crack developed).

Pores located on two areas with 120 x 120 mm and 120 x 135 mm sizes near the welding
zone. These pores have been located with help of liquid penetrant inspection (LPI) method.
These defects were eliminated by blasting (wall thicknes 36 mm). Defect presence in zone (6)
was confirmed with ultrasonic method (Fig. 8). LPI method did not give any results for zone (6).

As it may be seen in Figs. 4 and 5, the defect in zone (6) was detected with planar location,
but defects in zones (4) and (5) were detected by means similar to that used for zone (3): defects
were detected by analysing relative activity of inspection channels at the different load stages.
The most important of given examples is the following: the periods of major relative AE
activities, connected with sources located in zones (3), (4) and (5), were regestered when the
pressures were less than maximum operation pressure of the vessel. It may be seen in Figs. 6 and
7. Moreover, these AE activities had the highest values among all AE activities registered during
whole AE inspection, including higher pressure loads.

The change of the behavior of AE activity after applying the exessive operation pressure does
not match the conception which is considered to be the traditional one. In such way, the expected
source activity at channel #5 of the first example, did not increase at all, on the contrary it
decreased greatly.

(1)

(2)

(3)

Fig. 3. Vessel V= 40 m3 AE inspection results of planar location sources.
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Fig 5. Vessel V=200 m3 shell segment with defects (Zone 1 in picture 4). Zones (4) - (5) contain
pores, zone (6) has defect in the weld.

Fig. 4. Vessel V= 200 m3 AE inspection results of planar location sources.

Zone 1
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Fig. 6. Relative activity behavior of channels 1-5 at different load stages for vessel V = 40 m3.

Fig. 7. Relative AE activity. Vessel V = 200 m3. Sensor #23 is located near a group of defects.
Sensor #26 is located in the zone of high AE activity near the left support.  T0 is the time when
the maximum operation pressure was achieved.
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The most probable reason of the obtained effect was determined after joint study with
technology and corrosion engeneeers where sequence of preparation steps had been discovered.
During shut-down procedure and discharging of the vessel, the oxygen and atmospheric
humidity went into the vessel and the temperature dropped. During steaming process, condensate
formed and this was aggressive in terms of corrosion. These factors created the conditions for
fast defects development. During the shut-down of a top distillation column, the corrosion speed
can be 10-20 mm per year, whereas in case the vessel is in production stage, the speed of
corrosion is only 0.02 mm per year. This should be taken into account, otherwise the information
can be lost.

The above described situation is a typical one for refineries. That is why high AE activity
registration at the early stages of vessels load should not be considered as a �bad emission�.
Moreover, this effect may be used as one of helpful criteria during defect detection.

Fig. 8. Results of ultrasonic test method. Weld fragment from zone (6) in Fig. 5.  Fragment
length is 232-mm. Color index: red - plane defect (crack); green - volume defect (non-metal
inclusion); yellow - volume/plane defect.  Defect height ≥ 3mm (3 mm the high limit of
equipment sensitive).

Conclusion

The experience of AE laboratory at Kirishi refinery demonstrates that activity of such
laboratory can be a very useful tool in the production equipment safety system. The most
important condition for effective implementation of AE method at an industry plant is the
permanent cooperation and communication of AE specialists with all other departments of the
plant who are responsible for safe equipment operation.

References

1. M.G. Mogul, �Reduce corrosion in amine gas absoption columns�, Hydrocarbon Processing,
78(10), October, 1999.
2. �Amine Absobers: Chemical Time Bombs�, Science News, 130(265), October 26, 1986.
3. A.A. Pollock, �Acoustic Emission Testing�, Metals Handbook, Volume 17 (9th Ed.), ASM
International, 1989, pp. 278-294.



EWGAE2002

226

Appendix

Table 1 List of the most severe defects, found in vessels with the help of AE method.
Y

ea
r

Control objects Detected defects Actions Remarks

1. Ammonia
storage tank.

Longitudinal cracks (3) with 20-30 mm
length in weld, inside.

Weld repair. After weld
opened, defects
were confirmed;
could not be
detected with
other methods.

2. Reforming unit
column

Local non-metal intrusions in the low
part of column in zone 600x600 mm.

Ultrasonic control,
Defects sizes were
determined.

Defects were
registered in a
distance of 8 m.

3.Carbonization
unit column

Multi micro cracks distributed in the
body of material. Common material
degradation.

Column replaced.

19
92

4. Paraffin
production reboiler

Several parts of intensive alkaline
cracking. Common metal degradation.

Defects elimination
followed by apparatus
change.

5. Gas fractionation
unit separator.

Nozzle welding zone crack, some zones
near welding had corrosion cracks.

Defects elimination
followed by apparatus
change..

19
93

6. Paraffin
production reboiler

Sore type defects. (2). Defects elimination

7. Top & vacuum
distillation column
AVT

Some crack zones in plucking welds. Defects elimination Cracks maximum
size: l=3mm,
a=130 mm.

8. Reformer unit
drum

Inner side sore corrosion (2). Defects elimination

9 Hydro treatment
column

Fatigue crack in charge pipeline weld. Weld repair. Scheme
of pipeline fixation
changed.

19
94

10. Hydro
treatment column

Fatigue crack in charge pipeline weld. Weld repair. Scheme
of pipeline fixation
changed.

For the vessels
NN 9,10, the
defects were
similar and related
to their
construction
features.

11. Sphere drum
for liquefied gases
storage

1) Low part of the drum, weld defect
with the length 500 mm, containing
cracks, pours, sludge intrusions.

2) Middle part of the drum, weld defect
containing pours and sludge intrusion
with the length of 800 mm.

1) Defect is confirmed
with ultra sonic
method. Repair.
2) Defect is confirmed
with ultra sonic
method. Weld repair.

Thickness of the
wall is 30 mm.

12. Sphere drum
for liquefied gases
storage

Weld zone 100x120 mm, containing
pores and cracks 2-3 mm depth.

Elimination of the
defect.

13. Gas
fractionation unit
drum

Cracks in T-route weld (2) zone 170x40
mm, 2-3 mm depth.

Weld repair. One of cracks
dimension: a=55
mm; l=20 mm
(wall thickness is
30 mm).

14. Benzene
production drum

Large corrosion zones in low part of the
drum. Wall decreases from 20 to 7-10
mm.

Drum is replaces.

15. Gas
fractionation unit
drum

 Zone with corrosion cracks a=5-10
mm., l=2-4 mm in low part of the drum.

Repair.
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16. Hydro
treatment separator

 150 mm of a bad welded weld. Weld repair.

17. Reforming unit
column

The dispersed caverns in zone of
200x300 mm in low part of the column.

Defects elimination.

18. Top distillation
drum

Cross cracks of the weld, connecting
shell with low bottom.

Weld repair.

19. Reforming unit
column

Crack l=4 mm., a=25 mm, along the
upper bottom weld.

Defect elimination.

20. Top distillation
unit AVT

Cracks in cladding near welds. Defect elimination.

21. Reforming unit
column

Intensive corrosion cracking of cladding
near welds in upper and middle zones of
the column.

Defects elimination. The solution- the
column should be
changed.

19
96

22. Liquefied gases
storage drum

Cross crack of the weld, l=3 mm.
Stressed weld.

Defects elimination.

23. Hydro
treatment column

Cracks, including, through, arranged on
circumferences in several cross-sections
of low part of column.

Column dismounted
immediately.

 The defects could
be detected only
with AE method.

24. AT unit column Some zones with cracks in cladding. Defects elimination.

19
97

25. AT unit column Perforation in low bottom, some zone
with cracks in cladding.

Defects elimination.

26. Paraffin
production unit
column

Some zones of corrosion cracks in
cladding.

Defects elimination.

19
98

27. Paraffin
production unit
drum

A lot of non-metallic intrusions,
distributed along the large square.

Confirmation by USC. The solution - the
drum should be
changed.

28. Hydro
treatment separator

Cracks in cladding. Defects elimination.

29. AVT unit
column

Cladding cracks near the upper bottom
weld.

Defects elimination.

19
98

30. Reforming unit
column

Cladding cracks in upper part of the
column.

Defects elimination.

31. Reformer unit
drum

Cross-cracks in joint welds of bottoms. Defects elimination. The solution -
drum should be
changed.

32. Reformer unit
column

Long zones with cracks in cladding. Defects elimination. The solution � to
change column.

33. Reformer unit
heat exchanger

Round crack in weld of boss. Defects elimination. Crack depth 8-10
mm (wall thick-
ness is 30 mm).

19
99

34. Sphere storage
tank for liquefied
gases

1) Defect weld zone (l=900 mm) in the
middle part of the vessel.
2) Cross crack of the weld (l=6-7 mm).
3) Damaged part of inner surface during
mounting (low part of the vessel.
4) Zones (2) with active sources in upper
part of the vessel.

1) Additional USC.
Defects confirmed,
weld repair. Defects
elimination.
2) Defects elimination
3) Defect eliminated.
4) Defects allowed in
size.

35. Sphere storage
tank for liquefied
gases

Zones (3) with active sources in low part
of the vessel.

4) Defects allowed in
size, confirmed with
USC.
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36. Sphere storage
tank for liquefied
gases

1) Cross-cracks (3) in upper part (L=3-4
mm)
2) Zones with active sources in low part
of the vessel.

1) Defect eliminated.
2) Defects confirmed
with USC, allowed in
size.

37. AT unit column 1) Cladding cracks near welds.
2) Penetration of the bottom.

Defects elimination The solution � to
change column

38. AT unit column Long zones with cracks in cladding near
several welds.

Defects elimination The solution � to
change column

39. AT unit column Long zones with cracks in cladding near
several welds.

Defects elimination The solution � to
change column

40. At unit drum A lot of micro defects distributed in all
of the material

Defects elimination. The solution � to
change the drum.

41. Hydro
treatment separator

Zone with cladding cracks. Defects elimination

20
00 42. Hydro

treatment unit heat
exchanger

Bundle defects localization
(brass corrosion).

Additional bundle
revision. Defective
tubes removal.

The main purpose
was the shell
revision. Tube
defects localiza-
tion was the
additional result.
Used the 3-D
location algorithm

43. AVT unit
column

Cladding cracks near the welds of the
upper bottom.

Defects elimination.

44. Reformer unit
column

Zones of cladding cracks in the upper
part of the column.

Defects elimination. The solution - to
change column

45. Reformer unit
column

Intrusions in the upper part of the vessel. USC; defects size is
allowable.

46. Alkylation unit
apparatus

Intrusions in shell Defects elimination The solution � to
change apparatus.20

01

47. Reformer unit
heat exchanger

Bundle defects localization (brass
corrosion)

Defects elimination. The experience
from item 42
utilized. Carried
out the complex
testing: both shell
& bundle. Used
the 3-D location.

48. AVT unit
column

Long zones with cracks in cladding near
several welds.

Elimination of the
considerable defects.

The solution � to
change column.

49. AVT unit
column

Long zones with cracks in cladding near
several welds.

Elimination of the
considerable defects.

The solution � to
change column.

20
02

50. AVT unit drum 1) Inner defect of the weld (non-metal
intrusion + crack).
2) Zones (2) with pores.

Defects elimination


