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Abstract 
 

Non destructive evaluation of metallic, spherical pressure vessels is crucial to the safety and operations of a 
plant due to the large volume of hazardous products stored at high pressures. Sizes of such spheres vary and 
diameters may range from 10 to 25 meters, even more, while total length of welds can be hundreds of meters. 
Additionally, accessibility for inspection is often limited, as is the case for insulated or buried spheres. The 
present paper discusses the use of Acoustic Emission (AE) as a non-destructive evaluation technique, offering 
in-service, testing of pressurized spheres inspecting the whole structure, including welds and base metal. The 
inspection is carried out during initial hydro-test for new spheres, regular requalification hydro-test, or on-
line, during operation with the normal sphere contents, without removal from service. Assessment is 
performed in accordance with ASME or EN standards, and MONPAC or IPAC, Acoustic Emission 
evaluation procedures. The whole test is a matter of 2-4 days including set-up, and results include 
recommendations for next inspection and/or follow-up at selected areas of the sphere. The application of AE 
in various types of spheres, such as LPG, Ammonia is outlined while some representative examples are also 
provided. 
 
Keywords: Spherical Tank, Hydrotest, Inspection, In-service monitoring, Acoustic Emission, Pressure 
Vessel. 

 
 
Introduction 

Spherical metallic pressure vessels are commonly found in petrochemical industrial facilities and represent a 
major capital investment and are crucial to the operation of the facility. In addition, the contents of such vessels 
can be highly flammable or, in general, hazardous. Therefore, maintaining such vessels and tanks in good 
condition is vital both from a cost and from a safety / environmental point of view. In this respect, systematic 
inspection is required to be applied to the welds of such vessels, attachments (nozzles, pipes, etc.) but also to the 
base metal for corrosion / thinning, in order to detect flaws for further repair. 

Localized Non-Destructive Testing (NDT) techniques such as Ultrasonic Testing (UT) may well be applied 
for welds and base metal inspection, but are confined by certain objective limitations. Time / economics is a 
major issue; for instance a typical 16m-diameter sphere has a surface of about 800m2 while the total length of 
welds for a typical plate configuration is well over 400m. Understandably, 100% inspection is difficult and only 
a small fraction may be inspected within a reasonable time frame. Access poses another limitation since 
spherical vessels are often insulated, thus localized inspection is only possible during shut-downs and upon 
removal of (all or part of) the insulation, or, even worse, only through entering the vessel, such as in cases of 
buried underground spheres. Even for non-insulated vessels, tedious local inspection can be difficult unless fully 
scaffolded, otherwise a crane / lift device must be employed for a long period. Additionally, operating 
conditions, such as very low temperature in the case of cryogenic spheres, may prohibit the employment of 
localized NDT in-service, in which case, again, inspection may only be carried out during shut-down. Finally, 
different sphere materials (such as stainless steel as opposed to carbon steel) may require special local NDT 
treatment due to the specifics and the properties of the manufacturing material and due to the nature of the 
common defects thereby found. 

The ever increasing demand for more cost-effective inspections and maintenance has driven the industry to 
“smarter” solutions, which provide the necessary inspection results for the assessment of the condition of such 
structures with minimum disruption to operations and low cost. In this respect, Acoustic Emission (AE) has been 
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successfully applied for the structural integrity assessment of metallic pressure vessels, during both in-service 
and hydrostatic tests for a wide range of manufacturing materials[1]. AE testing addresses all the aforementioned 
limitations / difficulties, it is a 100% inspection tool, it does not depend on geometric discontinuities or magnetic 
properties of the material tested, can be applied on-line, without removing the sphere from service or during 
hydrotesting, and provides fast results for the structural integrity assessment of such vessels. 

Extensive and successful testing of pressure vessels has led to the development of AE testing procedures, 
evaluation criteria and international standards[2]-[5]. In addition to that, industry proven procedures such as 
MONPACTM[1],[6], extended the codes’ evaluation to quantitative evaluation of fault severity and criticality and 
have provided the industry with a tool for 100% evaluation of the vessel, capable of giving early warning of 
developing defects, increasing, thus, the operational safety. 

 
Acoustic Emission Technique as Applied to Pressure Vessels 

Acoustic Emission (AE) is an NDE technique, which relies on the detection of elastic stress waves produced 
by the sudden release of energy in the material. This energy is released when a defect propagates, corrosion is 
formed, plastic zones are formed etc, as a result of the stress which is applied on the tested structure. The rapid 
release of energy from localized sources inside the material generates elastic waves, which propagate from the 
source, within the material to the surface of the structure[7]. Piezoelectric sensors, mounted on the structure’s 
surface, detect these waves and transduce them to electrical signals. The signals from the sensors are fed to 
special multi-channel electronic AE data acquisition equipment that do the relevant processing and extract 
several features for each signal. The features, along with other information, are sent to and stored in a computer 
and the operator can view several graphs that provide important information about the AE activity real-time. 

The detection of AE does not depend on geometric discontinuities or magnetic properties, insofar as the 
corresponding waves reach the AE sensor, and the AE technique can, thus, be directly applied to stainless steel 
spheres, in the same manner that it is applied to any other metal. The necessary condition for performing an AE 
test is that the sphere must be loaded/stressed to a representative load depending on the type and the 
requirements of the test. The load is required because in order for a flaw to propagate it must be stressed to an 
adequate degree. AE can, thus, be applied during proof testing (e.g. hydrotest) or in-service pressurization (to 
loads just above the normal service loads) without the need to take the vessel or tank out of service. The actual 
loading profile is specified by relevant codes or procedures and it usually consists of controlled step-wise 
increases. For the case of spherical pressure vessels, loading is achieved by pressurizing (see Figure 1a and 1b 
for typical pressurization schemes). 

Access requirement for performing an AE test on a sphere is access on the metal only at the sensor positions, 
making the technique ideal for difficult-to-access spheres such as insulated ones, where limited, local removal of 
insulation is only required to create access windows for sensor mounting. To the authors’ knowledge, AE is the 
only available technique that enables 100% inspection of even cryogenic spheres on-line and without removing 
from service, because for an on-line test, removal of insulation is only temporary, as insulation windows are 
opened during set-up just for a few minutes, sensor is mounted and the window is immediately re-insulated. 
Particularly for critical, buried spheres, permanent AE sensor and cable installation is possible during 
construction, prior to burying, whereby cables are led outside of the soil. AE testing is then possible anytime 
simply by connecting an AE system to the existing installation, without the need to excavate. 
 

 
Figure 1a: Typical in-service loading profile by pressure increase. 
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Figure 1b: Typical loading profile for a pressure vessel during hydrotest.  

 
Vessel, tank and pressure equipment integrity evaluation has utilized Acoustic Emission (AE) for many 

years[8]. The success of industry procedures (e.g. Monsanto’s MONPACTM[6]) has led to the incorporation of 
AE test methods in codes and standards with pass/fail criteria and severity analysis. 

 
Acoustic Emission during Loading of Metallic Structures 

As mentioned above, a very significant aspect of AE is that the material itself generates the signals to be 
detected by the piezoelectric sensors. Thus, AE is a technique that detects those discontinuities and flaws that are 
acoustically active (developing) at the applied stress state and conditions of the tested equipment during the test 
period. This means that, unlike other NDT techniques, AE focuses on defects that are active and can become 
critical to the integrity of the structure under certain loads. These can be near the operating load, for an in-service 
test (see loading of Figure 1b), or at proof load, for a hydrostatic test (Figure 1a). The mechanisms that can give 
rise to acoustic emission are: fatigue crack nucleation and growth, plastic deformation, creep, fracture and 
decohesion of inclusions, stress corrosion cracking, hydrogen embrittlement, corrosion fatigue and others. 
Therefore, for a successful AE test of a tank or vessel, the equipment must be stressed (or be at the appropriate 
conditions in general) in such a way so as to activate any existing flaws. 

 

 
Figure 2: Stress and AE vs. strain for stell 

 
Spherical pressure vessels are usually made of steel. Typically, steel, when stressed, starts emitting AE at 

about 60% of σy (yield stress) (Figure 2). The behaviour of other metals is similar to this. At a defect location 
and at other areas (welds, nozzles, geometric discontinuities, etc.) on the structure large stress concentration 
factors are observed. During an AE test, as loading and stressing gradually increases, due to stress concentration, 
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the stress state in these areas reaches yield stress earlier than the rest implying that such areas will be 
acoustically active earlier, at lower stresses, compared to the healthy parts of the vessel. The higher the stress 
concentration factor, the earlier the emission occurs. 

Proof testing and evaluation is based on two important concepts in AE from materials, their stress state and 
the presence of defects. These are the Kaiser and the Felicity effects[1][7].The Kaiser effect is the absence of 
detectable AE at a fixed sensitivity level until previously applied stress levels are exceeded (Figure 3). The 
Felicity effect is the presence of detectable AE at a fixed sensitivity level at stress levels below those previously 
applied (Fig. 2). The felicity ratio is defined as the load at which AE emission is detectable to the previous 
maximum applied load. The Kaiser effect will hence have a Felicity ratio of 1, and can thus be considered as a 
special case of the Felicity effect. These give an indication of the criticality of defects present in the structure. A 
low Felicity ratio indicates a critical flaw in the structure. During the test of a structure the existing codes specify 
a loading schedule that will look for the Kaiser and Felicity effects. In addition, the test load will also determine 
the type of defects that will be activated. For example, testing to the proof load of the structure can locate 
manufacturing and in-service defects whereas testing at operating loads will only activate defects that have 
developed in-service. 

 
Figure 3: The Kaiser and Felicity effects on an AE vs Load plot 

 
When determining the maximum test load for a vessel prior to a test, the Kaiser effect must be considered. 

The maximum load during the test must reach or exceed the maximum load that the vessel has experienced 
during a predetermined time interval[6]. If there has been in-service damage since the last high load experienced 
by the vessel, the structure will emit at lower loads. The codes for testing metal vessels require the highest load 
during an in-service test to exceed the maximum the vessel has experienced during the last 12 months[2][6]. 
These codes also specify the loading schedule for a structure, according to the vessel type, if it is in-service, 
hydrotest or new vessel and other considerations. The loading schedule for a new vessel[2][6] during hydrotest is 
given if Figure 1a and that of an in-service test[2][6] in Figure 1b. Two loading cycles are required for the new 
vessel, since during the first loading stress-relieving and relaxation will occur that produce high AE rates without 
it being of critical nature. The second cycle will detect any critical defects and will also establish the presence of 
the Kaiser or Felicity effects. The loading schedule for an in-service vessel (Figure 1b) consists of one cycle. A 
5%-10% overpressure of the maximum load applied on the vessel in the last 12 months is required so as to 
activate the in-service defects and establish the presence of the Kaiser effect. 

In summary, the loading sequence and the maximum test load depend upon the scope of the AE test as 
follows: 

- To identify only service-induced damage the required test stress is a minimum of 105-110% above the 
maximum stress of the vessel during the previous 12 months, or above future expected maximum operating 
stress. 

- To identify significant defects, whether service or manufacturing origin the required test stress is 98% of 
original hydrotest pressure. 

- To separately identify service induced damage and significant manufacturing defects the required test stress 
is 98% of original hydrotest pressure, but pressurization profile is different and analysis is carried out at two 
levels. 

- In case hot works have been carried out on the vessel, the main modification to the original requalification 
test is the requirement for a second pressurization cycle up to 98% of the first. 
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Procedures for Testing and Evaluating Pressure Vessels with AE 
Developed by Monsanto Chemical Company in late 70’s 80’s, MONPACTM[6] is an Acoustic Emission 

based expert system for evaluating the structural integrity of metallic pressure vessels, spheres, columns and 
tanks. MONPACTM consists of AE test procedures and evaluation criteria and enables 100% inspection of the 
vessel during one pressure test. MONPACTM can be applied during: 

- First Hydrotest of a new Pressure Vessel according to ASME-V Part 12 
- Requalification Hydrotest of a used Pressure Vessel 
- On Line Pressurization (in-service with working fluid) 
Field-Proven in thousands of tests using follow-up NDT-(i.e. Experience based), MONPACTM enjoys a 

worldwide industry acceptance and has become a “de-facto industry standard” (ref: Institute Chemical Engineers 
International process safety working group publication on AE for structural integrity). Additionally, the 
procedure has been adopted by ASME V article 12[2] for new vessels (without ZIP grading). 

The method utilizes PAC's Multichannel Acoustic Emission Systems and Sensors which detect the high-
frequency signals resulting from deterioration in the structure when subject to stress. The systems have sufficient 
speed and resolution to ensure real-time, on-screen indications of the development of any defects. The signals 
may result from local over-stressed areas, crack growth, corrosion products de-cohesion. 

The evaluation of the data recorded during a test produces the results of an AE test. According to the ASME 
code, only pass – fail criteria are applied without ranking the severity of the detected flaw. In the MONPACTM 
procedure these results are in the form of a Zone Intensity Plot. This plot provides information of the condition 
of the whole structure divided in areas in the vicinity of each sensor. The areas are rated from A to E. Table 1 
lists the grades and the associated recommendations. 

One of the most important AE parameters, used for the evaluation of data, is the Measured Area of the 
Rectified Signal Envelope (MARSE). The evaluation criteria specified by the ASME Code and MONPACTM test 
procedure, require an evaluation based on AE counts during a specified load increase, Felicity ratio, number of 
large amplitude hits, activity during load hold, total activity (number of AE signals, hits). The specific numbers 
for the criteria depend on the structure type, its history and other considerations and are defined in the 
documentation concerning the test procedure. Experience has shown that some criteria are more important than 
other and may indicate the presence of a specific mechanism of failure. It is not the scope of the procedure to 
identify mechanisms of failure, but to identify flaws of various nature at early stages and by investigating the 
intensity of each source using the evaluation criteria, to assess its criticality to the structure’s integrity. 
According to evaluation criteria, which were developed after thousands of tests, MONPACTM gives “colour 
coding” for severity of emission and complete associated recommendations. 

 
GRADE COLOUR INTERPRETATION RECOMMENDATIONS 

A Green Very Minor Source No action 
Results recorded for further test 

B Cyan Minor Source 
Visual inspection 
Surface defect such as corrosion, pitting, gouges and 
cracked attachment welds etc. 

C Magenta Source 

Defects requiring immediate or short term follow-up 
evaluation. Evaluation may be based on further AE 
data analysis, retest, or complimentary NDE by other 
NDT methods1 or AE re-examination. 

D Yellow Intensive Source 
Significant defects requiring immediate follow-up 
inspection using complimentary NDE methods. 

E Red Critical Source 
Major defects requiring immediate shut-down and 
follow-up NDE. 

Table 1: MONPACTM intensity zone grades and corresponding reccomendations 
 

A very important aspect of AE pressure vessel testing is proper set-up, in order to ensure adequate 
“coverage” of the vessel, i.e. to ensure that the signals produced by the structure are detectable by at least one 
AE sensor so that the test is global, or more, to enhance planar location capability. In this respect, MONPACTM 
procedures provide guidelines for performing attenuation study, which, in order to determine the maximum 
distance between AE sensors and generally the whole sensor set-up. Signal attenuation (reduction in signal 
energy, amplitude etc.) is material and geometry related, therefore, prior to sensor placement the attenuation is 
measured using simulated AE sources[9] on the tested structure itself. This will indicate the maximum possible 
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distance between sensors as required by the testing procedures / standards, i.e. the required number of sensors to 
cover the sphere. 

Test sensitivity requirements may vary depending on the scope of the test and the location needs. When the 
primary objective of the test is to identify and provide recommendations for active “zones” on the vessel[2][4] 
(i.e. zonal location), the requirement is for a source to be detected by at least one sensor, and then maximum 
sensor distance (i.e. minimum number of sensors) is estimated as the distance it takes for a signal of a given 
amplitude to drop by a certain amount, i.e. below a certain detection “threshold”. However, when the objective 
is extended to include provision of information about source identification and characterisation[5], the aim of 
the sensor setup is to offer capability for planar location of the AE sources, i.e. the AE source must be detected 
by at least three sensors, thus the maximum sensor distance is now smaller and more sensors are required to 
cover the vessel. 

It is clear that the test sensor setup is not always an easy issue as there is no universal rule for knowing in 
advance attenuation characteristics of the vessels to calculate maximum sensor distance and to determine 
positioning the sensors on the vessel. Actual measurements have to be carried out on the vessel itself. An initial 
assessment for sensor layout may be made prior to arriving on site, based on previously recorded attenuation 
values from similar materials and wall thicknesses. Figure 4 presents attenuation curves acquired during actual 
AE tests of spherical vessels. 

 

 
Figure 4: Real AE signal attenuation curves from some tested spherical vessels 

 
However, actual attenuation study on the vessel itself may provide results that could indicate a different 

maximum sensor distance and sensor layout. In such case, it is necessary to be able to design a new setup, 
having a bigger number of sensors, or even using fewer sensors, if so desired. Specialized software[10]-[12] has 
been developed for this task which allows easy re-configuration of sensors layout, either manual, or automated, 
and which provides coverage area for each sensor, based on actual attenuation data (Figure 5) and for any given 
value of required detection threshold. Additionally, because certain sphere components (flanges, nozzles, 
ladder, legs, etc.) may not always be advised in advance or may not be apparent in the drawings, mounting of 
one or more sensors in its predefined position may not be possible. In such case, individual sensors have to be 
mounted at nearby positions and coverage must again be re-verified[10]. 

The required number of sensors is then placed on the structure preferably in a normal scheme that will also 
facilitate the use of location algorithms, if required (i.e. forming triangles or trapezoids etc). For example, a 
16,5m diameter steel sphere requires approximately 32 sensors. The type of sensor (frequency sensitivity) is 
defined by the standard practices [2], and has its highest sensitivity at 150 kHz. The sensors are placed on the 
surface using some acoustic couplant and are held in place with special magnetic hold-downs, if the structure is 
magnetic, and by hot glue or silicon if the structure is non-magnetic. In the case of very low temperatures 
(cryogenic) on the sphere surface, a small part of the insulation needs to be removed temporarily at each sensor 
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location (an opening approx. 20x20 cm) and upon sensor installation (few minutes) insulation is re-installed to 
avoid ice formation. The signal is driven to the AE system by coaxial cables. 

 

Figure 5: Sensor layout on a spherical vessel indicating sensor coverage, and sensor key distances for setup 
convenience. Upper-right part: user-input real attenuation data and detection threshold used to plot coverage. 
 
A main concern is noise from the environment or processes nearby, so it is important to ensure that any 

noise is eliminated from the source and that any data collected during the test are genuine AE from the 
structure. Noise can also come from the structure by mechanisms such as liquid or gas leakage, loose particles 
on the surface, sudden product volume changes etc. This type of noise must be identified and removed in the 
post analysis of the data. 

During the test, the operator, who must be certified by the appropriate body for this type of test, can monitor 
the activity in real-time using several graphs correlating AE parameters or viewing them in time to keep track of 
the acoustic activity. 

 
Representative Examples of Tested Spheres 
 
Case-study 1: AE Testing (MONPACTM) during Standard Re-qualification Hydrotest of an 18m 
LPG Sphere 

A typical hydrotest pressurization profile was applied (see Figure 1b) with maximum test pressure up to 
13.65 bar while the sphere was monitored for AE. After the 1st cycle preliminary analysis reported three ‘C’ 
MONPACTM grades (refer to Table 1) with channel 22 exhibiting critically active emission. Channel 24 at the 
ladder leg less significant emissions and channel 44 at the bottom of the vessel influenced by noise from the 
filling pump (see Figure 6). As per standard MONPACTM recommendations the test continued with the 2nd 
cycle, up to 13.38 bar where it was held for 30 min. During this second cycle channel 22 continued its emission 
and the grade from 2nd cycle is ‘C’ again. Channel 24 had no emission while channel 44 has noise from the 
filling pump leading to a ‘C’ grade. Following the AE MONPACTM results and recommendations, the owner 
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decided to further investigate the area around sensor 22 with localized NDT method. Follow up found 2 surface 
cracks of 2 cm length each on the leg weld near channel 22. 

 

 
Figure 6: Sensor layout of the AE test of sphere of Case 1 with MONPACTM grades. During follow-up with 

localized NDT, cracks were found on the leg weld near sensor 22 
 

Case-study 2: AE Testing (MONPACTM) during Re-qualification Hydrotest of an 19.7m LPG 
Sphere 

The aim of the test was AE monitoring during a regular re-qualification hydrotest. However, during the 1st 
cycle, pressure values were read from the customer’s electronic pressure gauge. It was later found that this 
instrument was miscalibrated and showed lower (about half) pressure values than the actually applied ones. 
Target maximum test pressure was 16.5bar. During the first cycle the vessel was pressurized up to 10.4bar 
(instrument indication), i.e. about more than 20bar actual pressure, i.e. the sphere was overpressurized about 
20% over the target maximum test pressure. 

During first cycle, test was stopped several times by the AE operators due to severe AE activity indications, 
in some cases leaks were found and repaired. Activity was constantly increasing rapidly until about 10.4bar 
(instrument indication) when the test was stopped by advise of the AE operators and owner’s agreement, as the 
signals from the sphere became very severe. The AE operators and site personnel inspected the sphere and 
observed that the manual pressure gauge at the bottom showed a pressure over 20bar! It was decided to continue 
the test next day with the second cycle. 

Next day the vessel was loaded from 0 to 8.25bar. At this point AE monitoring began normally for the 2nd 
cycle. The second cycle proceeded normally up to 98% (16.17bar). The analysis of the 1st cycle showed that 
most findings were observed during the overpressure period (above 16.5bar actual). This became also evident 
from the grading. MONPACTM grades for the 1st cycle were moderate up to 16.5bar (four channels were graded 
C) but for the overpressure period MONPACTM graded channels 2, 8 and 28 with grade D (Figure 7, left), 
significant events were located in the upper tropical weld area (Figure 7, right) and several other channels were 
graded C. This increased activity was due to overpressure and possible material yielding. Results from the 
second cycle show that few AE sources were active during the 2nd loading cycle, resulting in low MONPACTM 
grading two channels graded B). 

Further to the sphere overpressurization, and following the AE MONPACTM results and recommendations 
for the first cycle, owner performed follow-up UT inspection and this revealed a 1m long crack (probably due to 
local lack of penetration) on the upper tropical weld. 
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Figure 7: Sensor layout of the AE test of sphere of Case 2 with MONPACTM grades during the first cycle (left) and 
located events during the first cycle mainly on upper tropical weld (right). During follow-up with UT, a 1m crack 

was found on the upper tropical weld. 
 

Case-study 3: AE Testing (MONPACTM) during Hydrotest of an 17m LPG Sphere 
Prior to testing, the sphere had undertaken hot works and several repairs on the circumferential welds in the 

area between the first (bottom cap-tropical) and second rows of AE sensors, on the V weld close to sensor 6 and 
on the main circumferential weld/legs (sensors 19-20, 21, 23-24), sensors 35, 36, 37 and 38 (see Figure 8), and 
the aim of the hydrotest was to check these repairs, while hydrotest maximum pressure was 19.6bar. A non-
standard/best effort test was performed due to noise from very strong wind during the second load cycle. 

Upon filtering of the data, MONPACTM grading revealed a C source at ch./sensor #1, which might relate to 
the welds/attachments of the internal pipe supporting the level measuring system at this area. Also, a 
concentrated C source very close to ch./sensor #6 suggests check/follow-up of the weld and repair. Another 
concentrated C source between ch./sensor #6 and #5 suggests check/follow-up of the weld and repair in this 
area. Finally, a concentrated C source at ch./sensor #7, #2, #3 suggests check/follow-up of the weld bounded by 
these sensors (see figure 1c). 

Further to the AE MONPACTM results and recommendations, follow-up was performed and showed 
incomplete penetration and micro-cracks in the HAZ along these welds and at several positions. 
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Figure 8: Sensor layout of the AE test of sphere of Case 3 (left) and a bottom view of sensor layout with 
MONPACTM grades and located events mainly on the area of the lower circumferential welds (right). During 

follow-up incomplete penetration and micro-cracks in the HAZ were found at several positions along these welds. 
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Conclusions 

Localized NDT on large metallic industrial components such as spherical pressure vessels is commonly 
applied, but under certain constrictions and limitations, imposed mainly by the size of the vessels, which 
constitutes 100% inspection costly both time-wise and money-wise, and by other factors such as accessibility, 
surface conditions etc. Aiming to enhance inspection capabilities towards increased safety, Acoustic Emission 
testing has been regularly applied for the structural integrity evaluation of spherical vessels of any type of steel. 
The applicability of the AE test includes testing during the first proof test (e.g. hydrotest) of a new sphere, re-
certification proof tests, but also on-line, during in-service operation of the structure, without removing the 
sphere from service and with minimal disruptions to the operation of the structure. The advantages to the 
owners are significant cost savings as AE is a global NDT technique, allowing the inspection of the 100% of the 
structure, including welds and base material during one pressurization. During AE testing, flaws in the structure 
are detected at early stages, before they may become critical, allowing an early action to be taken and, thus, 
significantly enhancing the plant’s safety, since pressure spheres occasionally contain hazardous materials. The 
results of AE testing and analysis with appropriate procedures enable the characterization of the detected flaws, 
from insignificant to severe, thus, further inspection is targeted to the areas of the structure that actually require 
it, reducing drastically the inspection time, while no time is wasted in parts of the sphere that are in good 
condition. In Europe alone thousands of spheres have been tested using AE technology. The method has also 
been applied to pressure vessels, bullets, reactors, columns, pipelines, steam drums and other machinery and 
equipment. The results have been advantageous and industries report reductions in catastrophic failures of 
equipment and considerable resource gains. The non-intrusive, in-service, global structural assessment nature of 
the technique is accepted world-wide as an important addition to traditional NDT techniques. Relevant codes 
and standards have been issued both in the United States (ASME) and in Europe (EN codes), but also by 
National authorities, while, currently, the MONPACTM expert system is the de-facto industry standard for AE 
testing of pressure spheres and other vessels. Cases of successful AE testing of spheres with MONPACTM are 
numerous around the world while further follow-up inspection with localized NDT methods at the areas 
recommended after the test, corroborates the results and allows early repair actions. 
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