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ABSTRACT
There is a growing interest within the petrochemical and associated industries for
the in-service inspection of flanges to identify corrosion on the flange face. Currently the
majority of inspection of flanged joints is undertaken by periodically breaking the flange and
visually inspecting the condition of the sealing faces. This is not only time consuming but also
requires the shutdown of the system. Therefore, a reliable method of in-service inspection of
flanges, without the need to break them open, would represent a significant cost saving to all
major oil and gas providers.
The aim of this paper is to present a reliable inspection method for this pressing integrity issue. It
was considered that by using the benefits of manual phased array technology, there is the
possibility that the area of the flange that creates the seal can be interrogated for corrosion
damage.

INTRODUCTION
The in-service inspection of flanged joints is a considerable issue for the ongoing
integrity of hydrocarbon processing facilities. A flanged joint consists of two mating flanges with
a sealing mechanism (gasket or o-ring) between them. These joints are a break in the continuity
of a line and present a route for loss of containment in the form of leakage. Loss of containment
in hydrocarbon, high pressure gas or high pressure water systems is a significant safety issue and
effective inspection strategies are essential to ensure the integrity of the joints at all time. There
are two flange types commonly used on plant; Welded Neck (WN) Raised Face and Welded
Neck (WN) Ring type joints (RTJs) and these are shown in the figure below. This paper is
concerned with raised face flanges only.

FIGURE 1: Example of the two most commonly found flange joint. Raised face (left) and ring type joint (right)

The crevice created on the inside diameter of a flanged joint presents an inherent location
for localised corrosion to occur. Carbon steel flanges are particularly susceptible to such attack.
Over time, the corrosion of the flange face may extend into the gasket mating area potentially
compromising the seal integrity of the flanged joint. Several factors can influence the rate at
which the flange face may corrode. The inspection frequency of flanged joints should consider
the respective corrosion rate in conjunction with the calculated sealing surface requirements.
The collections of corrosive materials concentrate between the crevice of the sealing
surface and gasket material (see figure 2). This damage mechanism is of particular concern for
flanges used in highly corrosive environments such as Hydrofluoric Acid (HF) transportation,
which is an integral system in oil refinery plant.

FIGURE 2: Welded Neck Raised Face Flange showing gasket seal

Because of this concentration in a localised area the rate of corrosion is accelerated.
Corrosion of the sealing area can cause loss of containment and therefore have the potential to
cause release of product having catastrophic effect.
The current philosophy for inspection of flanged joints is the periodic breaking of the
joint and visual inspection of the sealing faces of the joints. The disassembling of flange joints is
both time consuming and involves the shut down and de-inventorying of the system. This is
costly (typically £2 ¼ million per day [1]) and can introduce other corrosion risks by allowing air
ingress into systems that do not normally see oxygen.
Attempts have been made to introduce a non-intrusive inspection method in order to
reduce costly shutdowns, but unfortunately due to the complexity of the joint no reliable method
has been identified. Initial methodologies were based predominantly on conventional A-scan
ultrasound. Being limited to mono-angular inspection and subjective analysis, attempts to
introduce the method did not develop.

FIGURE 3: A-scan response from a corroded flange face

It has therefore become a requirement to improve upon current inspection methods and
the introduction of phased array technology into the industrial environment has provided the
means for such improvements. Phased Array has the ability to simultaneously collect A-scan
data at a number of given angles.
This unique feature produces a volumetric beam allowing operators to distinguish
between geometric reflectors and defect signals and therefore increasing the likelihood of
detection (see figure 4). In addition, this ability also improves flexibility on complex geometries
as the beam can be controlled to suit the requirements of the inspection.
Conventional methods of ultrasound inspection are based on fixed angle probes which
can be severely restrictive when inspecting parts with unfavorably orientated discontinuities.

FIGURE 4: Phased array multi-angle beam (left)) and geometric reflector responses right

Further advantages of Phased Array are that the data sets can be saved and with the
advantage of visual aids makes this inspection fully auditable allowing clients to review data sets
as they are collected.

1.0

PHASED ARRAY ULTRASONIC TECHNOLOGY
1.2

RECENT DEVELOPMENTS

Phased array ultrasonic technology (PAUT) has reached a mature phase within the last
decade. Having started in the medical industry in the 1960s it began appearing within the
industrial sector in the mid-1980s [2]. It has only been since the development of technology in
general that we have started to see portable systems available in the industrial market. Advances
in piezoelectric composites [3], micromachining, microelectronics and most importantly
computing power have all contributed to the significant developments within the last ten years.
As with many technology developments, PAUT was driven by inspection problems that
were unachievable with conventional methods of Non-Destructive Testing (NDT). Typical
applications included [4]: 1. Crack detection at varying depths and orientations (see figure 5)
2. Improving signal-to-noise (SNR) for the inspection of dissimilar metal welding
3. Encoded scanner capability
4. Reduction of on-site radiography
5. Detection of stress corrosion cracking (SCC) in complex geometry cast components

FIGURE 5: Phased

Array sectorial scan being used for crack detection

Industrial volumetric inspections have predominately included either radiography and/or
ultrasonic methods. Radiography has the obvious disadvantage of being an extreme safety
hazard, and in addition has a poor record at detecting certain planar defects such as cracks and
lack of fusion [5]. Manual ultrasonic testing is more sensitive than radiography to planar defects,
but is slow, and the results are highly subjective. These factors were the driving force behind the
introduction of automated ultrasonic testing (AUT). Unfortunately, AUT typically involved
large, expensive and inflexible systems that were impracticable to most on-site conditions [5].
Phased Array has the ability of bridging the gap between radiography and UT by reducing
unwanted safety hazards, improving flexibility, data storage imaging and repeatability.

Electronic phased array scanning across multiple elements was first described by James
Sumner in 1968 [6]. The concept of phasing pulse and receive signals across multiple point
source elements to effectively steer an ultrasonic beam (Figure 6), spurred development [7].

FIGURE 6: Concept for generation of linear and sectorial scans using phased arrays (R/D Tech, 2005)

The image above identifies that ultrasonic beams can be idealistically formed by
controlling the phase interference of adjacent piezoelectric elements. The resulting beam depends
on the delay sequence created for each focal law. This phenomenon forms the basic principles of
phased array testing.
1.2

SCAN TYPES – LINEAR SCANNING

In general terminology PAUT technology is separated into two inspection forms; linear
and sectorial scanning. Linear scans are constructed by multiplexing chosen apertures along an
array of elements. With the aperture dimension given as;

A  ne  g (n  1)
Where: A = active aperture (mm)
g = gap between two adjacent elements (mm)
n = number of active
e = element width (mm)

(Eq. 1)

Figure 7: Linear scan multiplexing across 128 elements

Typical arrays can have between 64- 128 elements, pulsed in groups of 8 to 16. Linear
scanning permits large coverage with a tight focal spot. If the array is flat and linear, then the
scan pattern is a simple B-scan (see Figure 8), which is essentially a series of stacked encoded AScans.

(Eq. 2)

If the array is curved, then the scan pattern will be curved. Linear scans are straightforward to
program. For example, a phased array system can be readily programmed to inspect a weld using
all conventionally used angles; 45°, 60° and 70° shear waves.

Figure 8: B-Scan display showing thickness variations

1.3 SCAN TYPES – SECTORIAL SCANNING
Sectorial scans use a fixed set of elements, but adjust the time delays to sweep the beam
through a series of angles simultaneously. Because of the versatility and flexibility of sectorial
phased array scans, there are currently a vast amount of recognised applications.

Figure 9: - Sectorial scan being using advanced backscatter for crack detection and sizing

Depending primarily on the array frequency, element spacing and wedge design, the
sweep angles can vary from -20° up to + 80° and is defined as the sweep range. The start and
finish angle range is dependent on the design of the probe, wedge and the type of range.
Sectorial-scans are unique to phased arrays, and offer excellent imaging and data interpretation
with improved resolving power [4].
As explained the maximum sweep range of the phased array technique is determined by the
element size and wavelength: -

sin v 6  0.51


e

Where: v6 = the angle of 6dB decrease of echo relative to axial position
λ = wavelength
e = element size

(Eq. 3)

2.0

CREVICE CORROSION

Crevice corrosion is intense localized damage that occurs in shielded areas that have been
exposed to a corrosive medium [8]. This form of attack is commonly associated with small levels
of stagnant solution held in holes, gasket surfaces, lap joints and crevices under bolts. These
crevices are often caused by debris that forms deposits that can trap and shield corrosive medium
in stagnant conditions [9].
Other forms of crevices are those that are created by metal and nonmetal interfaces, such as of
that between a flange face and composite sealing gasket. To function as a crevice site, a crevice
must be wide enough to permit liquid entry, but sufficiently narrow to maintain a stagnant area
[9].
As this paper is exclusively interested in the evaluation of flange face crevice corrosion, the
following gives a detailed description into the mechanisms involved. The steps discussed below
were published by Fontana & Green in 1967 and although corrosion had been discussed prior to
this publication, these steps have gained the majority of acceptance amongst authors.
a. Initially, the electrolyte is assumed to have uniform composition. Corrosion occurs
slowly over the whole of the exposed metal surface, both inside and outside the crevice. The
normal anode and cathode processes explained in Section 2.2.1 occurs. Under such conditions,
the generation of positive metal ions is counterbalanced electrostatically by the creation of
negative hydroxyl ions.
b. The consumption of dissolved oxygen results in the diffusion of more oxygen from
those electrolyte surfaces which are exposed to the atmosphere. Oxygen is more readily replaced
at metal surfaces in the bulk electrolyte than those within the crevice. Within the crevice this lack
of oxygen impedes the cathodic process and generation of negative hydroxyl ions is diminished
within the confined space.
c. The production of excess positive ions in the gap causes negative ions from the bulk
electrolyte to diffuse into the crevice to maintain a minimum potential energy situation. In the
presence of chlorides, it is likely that complex ions are formed between chloride, metal ions and
water molecules. These are thought to undergo hydrolysis (reaction with water) giving the
corrosion product, and more importantly, hydrogen ions which reduce the pH. This can be
described by the simplified equation:

M   H 2 0  MOH  H 

(Eq. 4)

The equation describes a general hydrolysis reaction. Presence of chloride is well known to be
conducive to the development of low pHs because of its extremely low tendency to associate
with hydrogen ions in water. (Hydrogen chloride, HCI, dissociates completely in water).
Additional those metals, such as stainless steels, which rely upon the protection of passive films,
are notoriously unstable in chloride environments, and in the active crevice the very species
needed to maintain passivity, oxygen, is denied access.
d. The increase of hydrogen ion concentration rapidly increases the metal dissolution
process, which is also accelerated by the increase of chloride concentration within the crevice.
An important feature of active crevice corrosion cells is that they are autocatalytic; in that once

they have started they are self-sustaining. The metal within the crevice is corroding rapidly while
that outside is cathodically protected.

Figure 10: Based on Fontana & Greene (1967) model of crevice corrosion. Stage 1 shows corrosion occurs over full
metal surface. Stage 2 shows metal dissolution inside crevice as acidity increases, concentration of chloride ion
increases and reaction becomes self-sustaining

3.0

INSPECTION OVERVIEW
3.1

REQUIRED COVERAGE

The Raised Face Flange is the most commonly used of all flange faces in low pressure
systems. The flange has a raised area machined on the flange face equal to the contact area of a
gasket. The part of a flange where the gasket touches is called the contact surface. This area is
the most critical area to the prevention of leaks. Flange faces are machined with standard
finishes. The most common finish for the contact face of a flange is a concentric groove. This
pattern is machined into the flange face and provides the grip for the gasket. It is referred to as a
raised face because the gasket surfaces are raised above the bolting circle face.

Figure 11: Schematic of Raised Face Flange

Flange Bore: This area of the flange is the internal diameter of the flange and is the flow
path for fluid through the flange (Position A Figure11). The corrosion mechanisms for the flange
bore are largely the same as those for the pipe that the flange is connected to and wall thickness
at the bore is equal to or greater than that of the pipe when the taper of the flange fitting is taken
into consideration. Two additional damage mechanisms for the bore are galvanic corrosion
which can occur if there is a mismatch in the material or the pipe and the flange or preferential
weld corrosion and erosion or turbulent flow regimes.
General corrosion detected on the flange bore should be viewed in the same light as internal
corrosion of the surrounding pipe with the key variable being minimum thickness.
Flange Corner edge: The corner edge of a flange is the transition from the bore of the
pipe to the sealing surface of the flange itself (Position B Figure 11). Typically, in a raised face

flange, the gasket which acts as a seal covers the area of the raised face from the corner edge to
the end of the machined surface of the raised face. As such the corner edge is the start of the
sealing face but edge corrosion is not an immediate threat to the integrity of the flange seal. Loss
of the edge can create a crevice that allows for enhanced corrosion but as long as this is held at
the edge position it does not pose a leak or integrity threat to the system beyond that experienced
by the pipe itself.
Raised Sealing Face: The sealing face of the flange is the machined face that extends
from the corner edge of the flange to the outer radius of the machined face. This area is covered
by the area of the sealing gasket (Element B to G Figure 11). Corrosion damage of the sealing
face is the critical factor in the integrity of the flange.
3.2 INSPECTION DESIGN
The inspection zone is defined as the raised face area (where the gasket sits) and a
proportion of the internal bore. Figure 12 below illustrates the focal laws used (left) and the
typical response from a non-defective part (right). Note the geometric response from the bore to
face corner. In order to gain maximum coverage and thus improve defect detectability, the
inspection developed has incorporated two individual scan positions and includes both encoded
data and manual scanning.

Figure 12: Scan Profile Showing Inspection Area and typical response

3.2.1 SCAN 1 – BOLT FACE

Figure 13: - Shows probe placement (left) and required beam steering (right)

Due to the geometry of the flange components the location between the bolt holes (scan
position 1) is square to the flange face and therefore the most reliable inspection for corrosion
detection. This is because any loss of material will severely affect amplitude of the corner
reflector. Probe placement is of particular importance for Scan 1. Each placement requires the
probe to be skewed from -30 – 30 degrees (this skew maybe restricted depending on bolt hole
spacing). See below: -

Figure 14: Probe skew requirement

This inspection is run through Tomoview software in Inspection mode. By using
engineering drawings as software overlays, operators can position probes to locate geometric
reflectors helping to identify any abnormalities. The image in figure 15 shows screen grabs from
Tomoview Inspection.

Figure 15: Use of engineering overlays

The image on the left shows no flaws with geometric reflections from the face to bore
corner and tip diffraction signals from the raised faced corner. The image on the right shows
typical responses from areas of corrosion. Note the complete loss of corner reflector.
3.2.2 SCAN 2 – TAPERED NECK
Scan 2 collects information from the tapered neck area of the flange face. This scan can
use a wheel encoder to help interrogate the flange face to bore corner area. By collecting
encoded data operators can use an unmerged B-scan, to help identify changes in beam path
resulting from material losses.
Images below show inspection set-up and how an unmerged B-scan can be utilised. It
should be noted that some flanges will have restrictions to the use of an encoder. Operators
should recognise these restrictions and use scan 2 in a manual capacity. It should be noted that
the only way to confirm full coverage of the flange sealing face is by scanning from the tapered
neck.

Figure 16: Probe placement

Figure 17: Image identifies the use of a wheel encoder from the tapered neck region

Figure 18: Image above shows a screen grab from Tomoview software following data collection. The bottom right
image shows the unmerged B-scan and how areas of corrosion can be identified

3.2.2 PROBE REQUIREMENTS

Two probes are utilised for this inspection, as described below: 1. Olympus A1 probe - 5 MHz transducer housing and using a total of 16 elements. Beam
sweep will vary depending on flange dimensions, but typically fall between 40-80 degrees at 0.5
degree increments. The probe will have a detachable wedge (SA1-55S) and the operator will
select a wedge depending on the OD of the flange taper (scan 2).
2. Olympus DGS Probe – 4Mhz transducer housing and using a total of 16 elements.
Beam sweep will vary depending on flange dimensions, but typically fall between 40-80 degrees
at 0.5 degree increments. The probe will have an interrogated flat wedge so will only be used for
scan position 1.
3.2.3 SENSITIVITY
Gain selection will be the responsibility of the operator as different flanges experience
varying amounts of sound attenuation. However, in general sensitivity will be set from the ID of
the raised face (ID corner). The signal from this reflector should be set to 80% Full screen height
(FSH). The signal from this reflector should be set to 80%FSH and an additional 20dB should be
added for scanning. Gain can be readily adjusted to help verify and size defects.

3.2.4 SURFACE PREPARATION
As flanges are to be inspected in-situ, the technique has been developed to give accurate
results with an unprepared surface through a coating of paint. Loose paint can cause restrictions
to testing as any air between the flange and the coating will restrict the transmission of
ultrasound into the part.

4.0 CONCLUSIONS
Flange face corrosion is widely recognised as an integrity issue, due to potential leak path
created by the break in line. As current methods of inspection rely on plant shut down, there has
been growing interest in a non-intrusive method that can reliably detect and determine the extent
of corrosion.
The methodology outlined within this document used manual phased array technology to
create an ultrasonic beam that had sufficient coverage to interrogate the sealing faces of raised
face flanges.
The technique has been through both third party qualification and also extensive on-site
trials. Based on the information attained during this validation process it can be concluded that
raised face flange joints can be reliably inspected using a manual Phased Array technique and
when applying the correct method can gain full coverage of the sealing face on flanges 2”
diameter and greater.
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ABSTRACT
There is a growing interest within the petrochemical and associated industries for
the in-service inspection of flanges to identify corrosion on the flange face. Currently the
majority of inspection of flanged joints is undertaken by periodically breaking the flange and
visually inspecting the condition of the sealing faces. This is not only time consuming but also
requires the shutdown of the system. Therefore, a reliable method of in-service inspection of
flanges, without the need to break them open, would represent a significant cost saving to all
major oil and gas providers.
The aim of this paper is to present a reliable inspection method for this pressing integrity issue. It
was considered that by using the benefits of manual phased array technology, there is the
possibility that the area of the flange that creates the seal can be interrogated for corrosion
damage.

INTRODUCTION
The in-service inspection of flanged joints is a considerable issue for the ongoing
integrity of hydrocarbon processing facilities. A flanged joint consists of two mating flanges with
a sealing mechanism (gasket or o-ring) between them. These joints are a break in the continuity
of a line and present a route for loss of containment in the form of leakage. Loss of containment
in hydrocarbon, high pressure gas or high pressure water systems is a significant safety issue and
effective inspection strategies are essential to ensure the integrity of the joints at all time. There
are two flange types commonly used on plant; Welded Neck (WN) Raised Face and Welded
Neck (WN) Ring type joints (RTJs) and these are shown in the figure below. This paper is
concerned with raised face flanges only.

FIGURE 1: Example of the two most commonly found flange joint. Raised face (left) and ring type joint (right)

The crevice created on the inside diameter of a flanged joint presents an inherent location
for localised corrosion to occur. Carbon steel flanges are particularly susceptible to such attack.
Over time, the corrosion of the flange face may extend into the gasket mating area potentially
compromising the seal integrity of the flanged joint. Several factors can influence the rate at
which the flange face may corrode. The inspection frequency of flanged joints should consider
the respective corrosion rate in conjunction with the calculated sealing surface requirements.
The collections of corrosive materials concentrate between the crevice of the sealing
surface and gasket material (see figure 2). This damage mechanism is of particular concern for
flanges used in highly corrosive environments such as Hydrofluoric Acid (HF) transportation,
which is an integral system in oil refinery plant.

FIGURE 2: Welded Neck Raised Face Flange showing gasket seal

Because of this concentration in a localised area the rate of corrosion is accelerated.
Corrosion of the sealing area can cause loss of containment and therefore have the potential to
cause release of product having catastrophic effect.
The current philosophy for inspection of flanged joints is the periodic breaking of the
joint and visual inspection of the sealing faces of the joints. The disassembling of flange joints is
both time consuming and involves the shut down and de-inventorying of the system. This is
costly (typically £2 ¼ million per day [1]) and can introduce other corrosion risks by allowing air
ingress into systems that do not normally see oxygen.
Attempts have been made to introduce a non-intrusive inspection method in order to
reduce costly shutdowns, but unfortunately due to the complexity of the joint no reliable method
has been identified. Initial methodologies were based predominantly on conventional A-scan
ultrasound. Being limited to mono-angular inspection and subjective analysis, attempts to
introduce the method did not develop.

FIGURE 3: A-scan response from a corroded flange face

It has therefore become a requirement to improve upon current inspection methods and
the introduction of phased array technology into the industrial environment has provided the
means for such improvements. Phased Array has the ability to simultaneously collect A-scan
data at a number of given angles.
This unique feature produces a volumetric beam allowing operators to distinguish
between geometric reflectors and defect signals and therefore increasing the likelihood of
detection (see figure 4). In addition, this ability also improves flexibility on complex geometries
as the beam can be controlled to suit the requirements of the inspection.
Conventional methods of ultrasound inspection are based on fixed angle probes which
can be severely restrictive when inspecting parts with unfavorably orientated discontinuities.

FIGURE 4: Phased array multi-angle beam (left)) and geometric reflector responses right

Further advantages of Phased Array are that the data sets can be saved and with the
advantage of visual aids makes this inspection fully auditable allowing clients to review data sets
as they are collected.

1.0

PHASED ARRAY ULTRASONIC TECHNOLOGY
1.2

RECENT DEVELOPMENTS

Phased array ultrasonic technology (PAUT) has reached a mature phase within the last
decade. Having started in the medical industry in the 1960s it began appearing within the
industrial sector in the mid-1980s [2]. It has only been since the development of technology in
general that we have started to see portable systems available in the industrial market. Advances
in piezoelectric composites [3], micromachining, microelectronics and most importantly
computing power have all contributed to the significant developments within the last ten years.
As with many technology developments, PAUT was driven by inspection problems that
were unachievable with conventional methods of Non-Destructive Testing (NDT). Typical
applications included [4]: 1. Crack detection at varying depths and orientations (see figure 5)
2. Improving signal-to-noise (SNR) for the inspection of dissimilar metal welding
3. Encoded scanner capability
4. Reduction of on-site radiography
5. Detection of stress corrosion cracking (SCC) in complex geometry cast components

FIGURE 5: Phased

Array sectorial scan being used for crack detection

Industrial volumetric inspections have predominately included either radiography and/or
ultrasonic methods. Radiography has the obvious disadvantage of being an extreme safety
hazard, and in addition has a poor record at detecting certain planar defects such as cracks and
lack of fusion [5]. Manual ultrasonic testing is more sensitive than radiography to planar defects,
but is slow, and the results are highly subjective. These factors were the driving force behind the
introduction of automated ultrasonic testing (AUT). Unfortunately, AUT typically involved
large, expensive and inflexible systems that were impracticable to most on-site conditions [5].
Phased Array has the ability of bridging the gap between radiography and UT by reducing
unwanted safety hazards, improving flexibility, data storage imaging and repeatability.

Electronic phased array scanning across multiple elements was first described by James
Sumner in 1968 [6]. The concept of phasing pulse and receive signals across multiple point
source elements to effectively steer an ultrasonic beam (Figure 6), spurred development [7].

FIGURE 6: Concept for generation of linear and sectorial scans using phased arrays (R/D Tech, 2005)

The image above identifies that ultrasonic beams can be idealistically formed by
controlling the phase interference of adjacent piezoelectric elements. The resulting beam depends
on the delay sequence created for each focal law. This phenomenon forms the basic principles of
phased array testing.
1.2

SCAN TYPES – LINEAR SCANNING

In general terminology PAUT technology is separated into two inspection forms; linear
and sectorial scanning. Linear scans are constructed by multiplexing chosen apertures along an
array of elements. With the aperture dimension given as;

A  ne  g (n  1)
Where: A = active aperture (mm)
g = gap between two adjacent elements (mm)
n = number of active
e = element width (mm)

(Eq. 1)

Figure 7: Linear scan multiplexing across 128 elements

Typical arrays can have between 64- 128 elements, pulsed in groups of 8 to 16. Linear
scanning permits large coverage with a tight focal spot. If the array is flat and linear, then the
scan pattern is a simple B-scan (see Figure 8), which is essentially a series of stacked encoded AScans.

(Eq. 2)

If the array is curved, then the scan pattern will be curved. Linear scans are straightforward to
program. For example, a phased array system can be readily programmed to inspect a weld using
all conventionally used angles; 45°, 60° and 70° shear waves.

Figure 8: B-Scan display showing thickness variations

1.3 SCAN TYPES – SECTORIAL SCANNING
Sectorial scans use a fixed set of elements, but adjust the time delays to sweep the beam
through a series of angles simultaneously. Because of the versatility and flexibility of sectorial
phased array scans, there are currently a vast amount of recognised applications.

Figure 9: - Sectorial scan being using advanced backscatter for crack detection and sizing

Depending primarily on the array frequency, element spacing and wedge design, the
sweep angles can vary from -20° up to + 80° and is defined as the sweep range. The start and
finish angle range is dependent on the design of the probe, wedge and the type of range.
Sectorial-scans are unique to phased arrays, and offer excellent imaging and data interpretation
with improved resolving power [4].
As explained the maximum sweep range of the phased array technique is determined by the
element size and wavelength: -

sin v 6  0.51


e

Where: v6 = the angle of 6dB decrease of echo relative to axial position
λ = wavelength
e = element size

(Eq. 3)

2.0

CREVICE CORROSION

Crevice corrosion is intense localized damage that occurs in shielded areas that have been
exposed to a corrosive medium [8]. This form of attack is commonly associated with small levels
of stagnant solution held in holes, gasket surfaces, lap joints and crevices under bolts. These
crevices are often caused by debris that forms deposits that can trap and shield corrosive medium
in stagnant conditions [9].
Other forms of crevices are those that are created by metal and nonmetal interfaces, such as of
that between a flange face and composite sealing gasket. To function as a crevice site, a crevice
must be wide enough to permit liquid entry, but sufficiently narrow to maintain a stagnant area
[9].
As this paper is exclusively interested in the evaluation of flange face crevice corrosion, the
following gives a detailed description into the mechanisms involved. The steps discussed below
were published by Fontana & Green in 1967 and although corrosion had been discussed prior to
this publication, these steps have gained the majority of acceptance amongst authors.
a. Initially, the electrolyte is assumed to have uniform composition. Corrosion occurs
slowly over the whole of the exposed metal surface, both inside and outside the crevice. The
normal anode and cathode processes explained in Section 2.2.1 occurs. Under such conditions,
the generation of positive metal ions is counterbalanced electrostatically by the creation of
negative hydroxyl ions.
b. The consumption of dissolved oxygen results in the diffusion of more oxygen from
those electrolyte surfaces which are exposed to the atmosphere. Oxygen is more readily replaced
at metal surfaces in the bulk electrolyte than those within the crevice. Within the crevice this lack
of oxygen impedes the cathodic process and generation of negative hydroxyl ions is diminished
within the confined space.
c. The production of excess positive ions in the gap causes negative ions from the bulk
electrolyte to diffuse into the crevice to maintain a minimum potential energy situation. In the
presence of chlorides, it is likely that complex ions are formed between chloride, metal ions and
water molecules. These are thought to undergo hydrolysis (reaction with water) giving the
corrosion product, and more importantly, hydrogen ions which reduce the pH. This can be
described by the simplified equation:

M   H 2 0  MOH  H 

(Eq. 4)

The equation describes a general hydrolysis reaction. Presence of chloride is well known to be
conducive to the development of low pHs because of its extremely low tendency to associate
with hydrogen ions in water. (Hydrogen chloride, HCI, dissociates completely in water).
Additional those metals, such as stainless steels, which rely upon the protection of passive films,
are notoriously unstable in chloride environments, and in the active crevice the very species
needed to maintain passivity, oxygen, is denied access.
d. The increase of hydrogen ion concentration rapidly increases the metal dissolution
process, which is also accelerated by the increase of chloride concentration within the crevice.
An important feature of active crevice corrosion cells is that they are autocatalytic; in that once

they have started they are self-sustaining. The metal within the crevice is corroding rapidly while
that outside is cathodically protected.

Figure 10: Based on Fontana & Greene (1967) model of crevice corrosion. Stage 1 shows corrosion occurs over full
metal surface. Stage 2 shows metal dissolution inside crevice as acidity increases, concentration of chloride ion
increases and reaction becomes self-sustaining

3.0

INSPECTION OVERVIEW
3.1

REQUIRED COVERAGE

The Raised Face Flange is the most commonly used of all flange faces in low pressure
systems. The flange has a raised area machined on the flange face equal to the contact area of a
gasket. The part of a flange where the gasket touches is called the contact surface. This area is
the most critical area to the prevention of leaks. Flange faces are machined with standard
finishes. The most common finish for the contact face of a flange is a concentric groove. This
pattern is machined into the flange face and provides the grip for the gasket. It is referred to as a
raised face because the gasket surfaces are raised above the bolting circle face.

Figure 11: Schematic of Raised Face Flange

Flange Bore: This area of the flange is the internal diameter of the flange and is the flow
path for fluid through the flange (Position A Figure11). The corrosion mechanisms for the flange
bore are largely the same as those for the pipe that the flange is connected to and wall thickness
at the bore is equal to or greater than that of the pipe when the taper of the flange fitting is taken
into consideration. Two additional damage mechanisms for the bore are galvanic corrosion
which can occur if there is a mismatch in the material or the pipe and the flange or preferential
weld corrosion and erosion or turbulent flow regimes.
General corrosion detected on the flange bore should be viewed in the same light as internal
corrosion of the surrounding pipe with the key variable being minimum thickness.
Flange Corner edge: The corner edge of a flange is the transition from the bore of the
pipe to the sealing surface of the flange itself (Position B Figure 11). Typically, in a raised face

flange, the gasket which acts as a seal covers the area of the raised face from the corner edge to
the end of the machined surface of the raised face. As such the corner edge is the start of the
sealing face but edge corrosion is not an immediate threat to the integrity of the flange seal. Loss
of the edge can create a crevice that allows for enhanced corrosion but as long as this is held at
the edge position it does not pose a leak or integrity threat to the system beyond that experienced
by the pipe itself.
Raised Sealing Face: The sealing face of the flange is the machined face that extends
from the corner edge of the flange to the outer radius of the machined face. This area is covered
by the area of the sealing gasket (Element B to G Figure 11). Corrosion damage of the sealing
face is the critical factor in the integrity of the flange.
3.2 INSPECTION DESIGN
The inspection zone is defined as the raised face area (where the gasket sits) and a
proportion of the internal bore. Figure 12 below illustrates the focal laws used (left) and the
typical response from a non-defective part (right). Note the geometric response from the bore to
face corner. In order to gain maximum coverage and thus improve defect detectability, the
inspection developed has incorporated two individual scan positions and includes both encoded
data and manual scanning.

Figure 12: Scan Profile Showing Inspection Area and typical response

3.2.1 SCAN 1 – BOLT FACE

Figure 13: - Shows probe placement (left) and required beam steering (right)

Due to the geometry of the flange components the location between the bolt holes (scan
position 1) is square to the flange face and therefore the most reliable inspection for corrosion
detection. This is because any loss of material will severely affect amplitude of the corner
reflector. Probe placement is of particular importance for Scan 1. Each placement requires the
probe to be skewed from -30 – 30 degrees (this skew maybe restricted depending on bolt hole
spacing). See below: -

Figure 14: Probe skew requirement

This inspection is run through Tomoview software in Inspection mode. By using
engineering drawings as software overlays, operators can position probes to locate geometric
reflectors helping to identify any abnormalities. The image in figure 15 shows screen grabs from
Tomoview Inspection.

Figure 15: Use of engineering overlays

The image on the left shows no flaws with geometric reflections from the face to bore
corner and tip diffraction signals from the raised faced corner. The image on the right shows
typical responses from areas of corrosion. Note the complete loss of corner reflector.
3.2.2 SCAN 2 – TAPERED NECK
Scan 2 collects information from the tapered neck area of the flange face. This scan can
use a wheel encoder to help interrogate the flange face to bore corner area. By collecting
encoded data operators can use an unmerged B-scan, to help identify changes in beam path
resulting from material losses.
Images below show inspection set-up and how an unmerged B-scan can be utilised. It
should be noted that some flanges will have restrictions to the use of an encoder. Operators
should recognise these restrictions and use scan 2 in a manual capacity. It should be noted that
the only way to confirm full coverage of the flange sealing face is by scanning from the tapered
neck.

Figure 16: Probe placement

Figure 17: Image identifies the use of a wheel encoder from the tapered neck region

Figure 18: Image above shows a screen grab from Tomoview software following data collection. The bottom right
image shows the unmerged B-scan and how areas of corrosion can be identified

3.2.2 PROBE REQUIREMENTS

Two probes are utilised for this inspection, as described below: 1. Olympus A1 probe - 5 MHz transducer housing and using a total of 16 elements. Beam
sweep will vary depending on flange dimensions, but typically fall between 40-80 degrees at 0.5
degree increments. The probe will have a detachable wedge (SA1-55S) and the operator will
select a wedge depending on the OD of the flange taper (scan 2).
2. Olympus DGS Probe – 4Mhz transducer housing and using a total of 16 elements.
Beam sweep will vary depending on flange dimensions, but typically fall between 40-80 degrees
at 0.5 degree increments. The probe will have an interrogated flat wedge so will only be used for
scan position 1.
3.2.3 SENSITIVITY
Gain selection will be the responsibility of the operator as different flanges experience
varying amounts of sound attenuation. However, in general sensitivity will be set from the ID of
the raised face (ID corner). The signal from this reflector should be set to 80% Full screen height
(FSH). The signal from this reflector should be set to 80%FSH and an additional 20dB should be
added for scanning. Gain can be readily adjusted to help verify and size defects.

3.2.4 SURFACE PREPARATION
As flanges are to be inspected in-situ, the technique has been developed to give accurate
results with an unprepared surface through a coating of paint. Loose paint can cause restrictions
to testing as any air between the flange and the coating will restrict the transmission of
ultrasound into the part.

4.0 CONCLUSIONS
Flange face corrosion is widely recognised as an integrity issue, due to potential leak path
created by the break in line. As current methods of inspection rely on plant shut down, there has
been growing interest in a non-intrusive method that can reliably detect and determine the extent
of corrosion.
The methodology outlined within this document used manual phased array technology to
create an ultrasonic beam that had sufficient coverage to interrogate the sealing faces of raised
face flanges.
The technique has been through both third party qualification and also extensive on-site
trials. Based on the information attained during this validation process it can be concluded that
raised face flange joints can be reliably inspected using a manual Phased Array technique and
when applying the correct method can gain full coverage of the sealing face on flanges 2”
diameter and greater.
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ABSTRACT
There is a growing interest within the petrochemical and associated industries for
the in-service inspection of flanges to identify corrosion on the flange face. Currently the
majority of inspection of flanged joints is undertaken by periodically breaking the flange and
visually inspecting the condition of the sealing faces. This is not only time consuming but also
requires the shutdown of the system. Therefore, a reliable method of in-service inspection of
flanges, without the need to break them open, would represent a significant cost saving to all
major oil and gas providers.
The aim of this paper is to present a reliable inspection method for this pressing integrity issue. It
was considered that by using the benefits of manual phased array technology, there is the
possibility that the area of the flange that creates the seal can be interrogated for corrosion
damage.

INTRODUCTION
The in-service inspection of flanged joints is a considerable issue for the ongoing
integrity of hydrocarbon processing facilities. A flanged joint consists of two mating flanges with
a sealing mechanism (gasket or o-ring) between them. These joints are a break in the continuity
of a line and present a route for loss of containment in the form of leakage. Loss of containment
in hydrocarbon, high pressure gas or high pressure water systems is a significant safety issue and
effective inspection strategies are essential to ensure the integrity of the joints at all time. There
are two flange types commonly used on plant; Welded Neck (WN) Raised Face and Welded
Neck (WN) Ring type joints (RTJs) and these are shown in the figure below. This paper is
concerned with raised face flanges only.

FIGURE 1: Example of the two most commonly found flange joint. Raised face (left) and ring type joint (right)

The crevice created on the inside diameter of a flanged joint presents an inherent location
for localised corrosion to occur. Carbon steel flanges are particularly susceptible to such attack.
Over time, the corrosion of the flange face may extend into the gasket mating area potentially
compromising the seal integrity of the flanged joint. Several factors can influence the rate at
which the flange face may corrode. The inspection frequency of flanged joints should consider
the respective corrosion rate in conjunction with the calculated sealing surface requirements.
The collections of corrosive materials concentrate between the crevice of the sealing
surface and gasket material (see figure 2). This damage mechanism is of particular concern for
flanges used in highly corrosive environments such as Hydrofluoric Acid (HF) transportation,
which is an integral system in oil refinery plant.

FIGURE 2: Welded Neck Raised Face Flange showing gasket seal

Because of this concentration in a localised area the rate of corrosion is accelerated.
Corrosion of the sealing area can cause loss of containment and therefore have the potential to
cause release of product having catastrophic effect.
The current philosophy for inspection of flanged joints is the periodic breaking of the
joint and visual inspection of the sealing faces of the joints. The disassembling of flange joints is
both time consuming and involves the shut down and de-inventorying of the system. This is
costly (typically £2 ¼ million per day [1]) and can introduce other corrosion risks by allowing air
ingress into systems that do not normally see oxygen.
Attempts have been made to introduce a non-intrusive inspection method in order to
reduce costly shutdowns, but unfortunately due to the complexity of the joint no reliable method
has been identified. Initial methodologies were based predominantly on conventional A-scan
ultrasound. Being limited to mono-angular inspection and subjective analysis, attempts to
introduce the method did not develop.

FIGURE 3: A-scan response from a corroded flange face

It has therefore become a requirement to improve upon current inspection methods and
the introduction of phased array technology into the industrial environment has provided the
means for such improvements. Phased Array has the ability to simultaneously collect A-scan
data at a number of given angles.
This unique feature produces a volumetric beam allowing operators to distinguish
between geometric reflectors and defect signals and therefore increasing the likelihood of
detection (see figure 4). In addition, this ability also improves flexibility on complex geometries
as the beam can be controlled to suit the requirements of the inspection.
Conventional methods of ultrasound inspection are based on fixed angle probes which
can be severely restrictive when inspecting parts with unfavorably orientated discontinuities.

FIGURE 4: Phased array multi-angle beam (left)) and geometric reflector responses right

Further advantages of Phased Array are that the data sets can be saved and with the
advantage of visual aids makes this inspection fully auditable allowing clients to review data sets
as they are collected.

1.0

PHASED ARRAY ULTRASONIC TECHNOLOGY
1.2

RECENT DEVELOPMENTS

Phased array ultrasonic technology (PAUT) has reached a mature phase within the last
decade. Having started in the medical industry in the 1960s it began appearing within the
industrial sector in the mid-1980s [2]. It has only been since the development of technology in
general that we have started to see portable systems available in the industrial market. Advances
in piezoelectric composites [3], micromachining, microelectronics and most importantly
computing power have all contributed to the significant developments within the last ten years.
As with many technology developments, PAUT was driven by inspection problems that
were unachievable with conventional methods of Non-Destructive Testing (NDT). Typical
applications included [4]: 1. Crack detection at varying depths and orientations (see figure 5)
2. Improving signal-to-noise (SNR) for the inspection of dissimilar metal welding
3. Encoded scanner capability
4. Reduction of on-site radiography
5. Detection of stress corrosion cracking (SCC) in complex geometry cast components

FIGURE 5: Phased Array sectorial

scan being used for crack detection

Industrial volumetric inspections have predominately included either radiography and/or
ultrasonic methods. Radiography has the obvious disadvantage of being an extreme safety
hazard, and in addition has a poor record at detecting certain planar defects such as cracks and
lack of fusion [5]. Manual ultrasonic testing is more sensitive than radiography to planar defects,
but is slow, and the results are highly subjective. These factors were the driving force behind the
introduction of automated ultrasonic testing (AUT). Unfortunately, AUT typically involved
large, expensive and inflexible systems that were impracticable to most on-site conditions [5].
Phased Array has the ability of bridging the gap between radiography and UT by reducing
unwanted safety hazards, improving flexibility, data storage imaging and repeatability.

Electronic phased array scanning across multiple elements was first described by James
Sumner in 1968 [6]. The concept of phasing pulse and receive signals across multiple point
source elements to effectively steer an ultrasonic beam (Figure 6), spurred development [7].

FIGURE 6: Concept for generation of linear and sectorial scans using phased arrays (R/D Tech, 2005)

The image above identifies that ultrasonic beams can be idealistically formed by
controlling the phase interference of adjacent piezoelectric elements. The resulting beam depends
on the delay sequence created for each focal law. This phenomenon forms the basic principles of
phased array testing.
1.2

SCAN TYPES – LINEAR SCANNING

In general terminology PAUT technology is separated into two inspection forms; linear
and sectorial scanning. Linear scans are constructed by multiplexing chosen apertures along an
array of elements. With the aperture dimension given as;

A = ne + g (n − 1)
Where: A = active aperture (mm)
g = gap between two adjacent elements (mm)
n = number of active
e = element width (mm)

(Eq. 1)

Figure 7: Linear scan multiplexing across 128 elements

Typical arrays can have between 64- 128 elements, pulsed in groups of 8 to 16. Linear
scanning permits large coverage with a tight focal spot. If the array is flat and linear, then the
scan pattern is a simple B-scan (see Figure 8), which is essentially a series of stacked encoded AScans.

(Eq. 2)

If the array is curved, then the scan pattern will be curved. Linear scans are straightforward to
program. For example, a phased array system can be readily programmed to inspect a weld using
all conventionally used angles; 45°, 60° and 70° shear waves.

Figure 8: B-Scan display showing thickness variations

1.3 SCAN TYPES – SECTORIAL SCANNING
Sectorial scans use a fixed set of elements, but adjust the time delays to sweep the beam
through a series of angles simultaneously. Because of the versatility and flexibility of sectorial
phased array scans, there are currently a vast amount of recognised applications.

Figure 9: - Sectorial scan being using advanced backscatter for crack detection and sizing

Depending primarily on the array frequency, element spacing and wedge design, the
sweep angles can vary from -20° up to + 80° and is defined as the sweep range. The start and
finish angle range is dependent on the design of the probe, wedge and the type of range.
Sectorial-scans are unique to phased arrays, and offer excellent imaging and data interpretation
with improved resolving power [4].
As explained the maximum sweep range of the phased array technique is determined by the
element size and wavelength: -

sin v 6 = 0.51

λ
e

Where: v6 = the angle of 6dB decrease of echo relative to axial position
λ = wavelength
e = element size

(Eq. 3)

2.0

CREVICE CORROSION

Crevice corrosion is intense localized damage that occurs in shielded areas that have been
exposed to a corrosive medium [8]. This form of attack is commonly associated with small levels
of stagnant solution held in holes, gasket surfaces, lap joints and crevices under bolts. These
crevices are often caused by debris that forms deposits that can trap and shield corrosive medium
in stagnant conditions [9].
Other forms of crevices are those that are created by metal and nonmetal interfaces, such as of
that between a flange face and composite sealing gasket. To function as a crevice site, a crevice
must be wide enough to permit liquid entry, but sufficiently narrow to maintain a stagnant area
[9].
As this paper is exclusively interested in the evaluation of flange face crevice corrosion, the
following gives a detailed description into the mechanisms involved. The steps discussed below
were published by Fontana & Green in 1967 and although corrosion had been discussed prior to
this publication, these steps have gained the majority of acceptance amongst authors.
a. Initially, the electrolyte is assumed to have uniform composition. Corrosion occurs
slowly over the whole of the exposed metal surface, both inside and outside the crevice. The
normal anode and cathode processes explained in Section 2.2.1 occurs. Under such conditions,
the generation of positive metal ions is counterbalanced electrostatically by the creation of
negative hydroxyl ions.
b. The consumption of dissolved oxygen results in the diffusion of more oxygen from
those electrolyte surfaces which are exposed to the atmosphere. Oxygen is more readily replaced
at metal surfaces in the bulk electrolyte than those within the crevice. Within the crevice this lack
of oxygen impedes the cathodic process and generation of negative hydroxyl ions is diminished
within the confined space.
c. The production of excess positive ions in the gap causes negative ions from the bulk
electrolyte to diffuse into the crevice to maintain a minimum potential energy situation. In the
presence of chlorides, it is likely that complex ions are formed between chloride, metal ions and
water molecules. These are thought to undergo hydrolysis (reaction with water) giving the
corrosion product, and more importantly, hydrogen ions which reduce the pH. This can be
described by the simplified equation:

M + + H 2 0 → MOH + H +

(Eq. 4)

The equation describes a general hydrolysis reaction. Presence of chloride is well known to be
conducive to the development of low pHs because of its extremely low tendency to associate
with hydrogen ions in water. (Hydrogen chloride, HCI, dissociates completely in water).
Additional those metals, such as stainless steels, which rely upon the protection of passive films,
are notoriously unstable in chloride environments, and in the active crevice the very species
needed to maintain passivity, oxygen, is denied access.
d. The increase of hydrogen ion concentration rapidly increases the metal dissolution
process, which is also accelerated by the increase of chloride concentration within the crevice.
An important feature of active crevice corrosion cells is that they are autocatalytic; in that once

they have started they are self-sustaining. The metal within the crevice is corroding rapidly while
that outside is cathodically protected.

Figure 10: Based on Fontana & Greene (1967) model of crevice corrosion. Stage 1 shows corrosion occurs over full
metal surface. Stage 2 shows metal dissolution inside crevice as acidity increases, concentration of chloride ion
increases and reaction becomes self-sustaining

3.0

INSPECTION OVERVIEW
3.1

REQUIRED COVERAGE

The Raised Face Flange is the most commonly used of all flange faces in low pressure
systems. The flange has a raised area machined on the flange face equal to the contact area of a
gasket. The part of a flange where the gasket touches is called the contact surface. This area is
the most critical area to the prevention of leaks. Flange faces are machined with standard
finishes. The most common finish for the contact face of a flange is a concentric groove. This
pattern is machined into the flange face and provides the grip for the gasket. It is referred to as a
raised face because the gasket surfaces are raised above the bolting circle face.

Figure 11: Schematic of Raised Face Flange

Flange Bore: This area of the flange is the internal diameter of the flange and is the flow
path for fluid through the flange (Position A Figure11). The corrosion mechanisms for the flange
bore are largely the same as those for the pipe that the flange is connected to and wall thickness
at the bore is equal to or greater than that of the pipe when the taper of the flange fitting is taken
into consideration. Two additional damage mechanisms for the bore are galvanic corrosion
which can occur if there is a mismatch in the material or the pipe and the flange or preferential
weld corrosion and erosion or turbulent flow regimes.
General corrosion detected on the flange bore should be viewed in the same light as internal
corrosion of the surrounding pipe with the key variable being minimum thickness.
Flange Corner edge: The corner edge of a flange is the transition from the bore of the
pipe to the sealing surface of the flange itself (Position B Figure 11). Typically, in a raised face

flange, the gasket which acts as a seal covers the area of the raised face from the corner edge to
the end of the machined surface of the raised face. As such the corner edge is the start of the
sealing face but edge corrosion is not an immediate threat to the integrity of the flange seal. Loss
of the edge can create a crevice that allows for enhanced corrosion but as long as this is held at
the edge position it does not pose a leak or integrity threat to the system beyond that experienced
by the pipe itself.
Raised Sealing Face: The sealing face of the flange is the machined face that extends
from the corner edge of the flange to the outer radius of the machined face. This area is covered
by the area of the sealing gasket (Element B to G Figure 11). Corrosion damage of the sealing
face is the critical factor in the integrity of the flange.
3.2 INSPECTION DESIGN
The inspection zone is defined as the raised face area (where the gasket sits) and a
proportion of the internal bore. Figure 12 below illustrates the focal laws used (left) and the
typical response from a non-defective part (right). Note the geometric response from the bore to
face corner. In order to gain maximum coverage and thus improve defect detectability, the
inspection developed has incorporated two individual scan positions and includes both encoded
data and manual scanning.

Figure 12: Scan Profile Showing Inspection Area and typical response

3.2.1

SCAN 1 – BOLT FACE

Figure 13: - Shows probe placement (left) and required beam steering (right)

Due to the geometry of the flange components the location between the bolt holes (scan
position 1) is square to the flange face and therefore the most reliable inspection for corrosion
detection. This is because any loss of material will severely affect amplitude of the corner
reflector. Probe placement is of particular importance for Scan 1. Each placement requires the
probe to be skewed from -30 – 30 degrees (this skew maybe restricted depending on bolt hole
spacing). See below: -

Figure 14: Probe skew requirement

This inspection is run through Tomoview software in Inspection mode. By using
engineering drawings as software overlays, operators can position probes to locate geometric
reflectors helping to identify any abnormalities. The image in figure 15 shows screen grabs from
Tomoview Inspection.

Figure 15: Use of engineering overlays

The image on the left shows no flaws with geometric reflections from the face to bore
corner and tip diffraction signals from the raised faced corner. The image on the right shows
typical responses from areas of corrosion. Note the complete loss of corner reflector.

3.2.2 SCAN 2 – TAPERED NECK
Scan 2 collects information from the tapered neck area of the flange face. This scan can
use a wheel encoder to help interrogate the flange face to bore corner area. By collecting
encoded data operators can use an unmerged B-scan, to help identify changes in beam path
resulting from material losses.
Images below show inspection set-up and how an unmerged B-scan can be utilised. It
should be noted that some flanges will have restrictions to the use of an encoder. Operators
should recognise these restrictions and use scan 2 in a manual capacity. It should be noted that
the only way to confirm full coverage of the flange sealing face is by scanning from the tapered
neck.

Figure 16: Probe placement

Figure 17: Image identifies the use of a wheel encoder from the tapered neck region

Figure 18: Image above shows a screen grab from Tomoview software following data collection. The bottom right
image shows the unmerged B-scan and how areas of corrosion can be identified

3.2.2 PROBE REQUIREMENTS

Two probes are utilised for this inspection, as described below: 1. Olympus A1 probe - 5 MHz transducer housing and using a total of 16 elements. Beam
sweep will vary depending on flange dimensions, but typically fall between 40-80 degrees at 0.5
degree increments. The probe will have a detachable wedge (SA1-55S) and the operator will
select a wedge depending on the OD of the flange taper (scan 2).
2. Olympus DGS Probe – 4Mhz transducer housing and using a total of 16 elements.
Beam sweep will vary depending on flange dimensions, but typically fall between 40-80 degrees
at 0.5 degree increments. The probe will have an interrogated flat wedge so will only be used for
scan position 1.
3.2.3 SENSITIVITY
Gain selection will be the responsibility of the operator as different flanges experience
varying amounts of sound attenuation. However, in general sensitivity will be set from the ID of
the raised face (ID corner). The signal from this reflector should be set to 80% Full screen height
(FSH). The signal from this reflector should be set to 80%FSH and an additional 20dB should be
added for scanning. Gain can be readily adjusted to help verify and size defects.

3.2.4 SURFACE PREPARATION
As flanges are to be inspected in-situ, the technique has been developed to give accurate
results with an unprepared surface through a coating of paint. Loose paint can cause restrictions
to testing as any air between the flange and the coating will restrict the transmission of
ultrasound into the part.

4.0 CONCLUSIONS
Flange face corrosion is widely recognised as an integrity issue, due to potential leak path
created by the break in line. As current methods of inspection rely on plant shut down, there has
been growing interest in a non-intrusive method that can reliably detect and determine the extent
of corrosion.
The methodology outlined within this document used manual phased array technology to
create an ultrasonic beam that had sufficient coverage to interrogate the sealing faces of raised
face flanges.
The technique has been through both third party qualification and also extensive on-site
trials. Based on the information attained during this validation process it can be concluded that
raised face flange joints can be reliably inspected using a manual Phased Array technique and
when applying the correct method can gain full coverage of the sealing face on flanges 2”
diameter and greater.

REFERENCES
1. Tischuk, J. L. “Economics of risk based inspection systems in offshore oil and gas
production”. COTEQ – Salvador – Bahia, 2002
2. Gebhardt, W., F.Bontitz, and H.Woll. 1982. “ Defect Reconstruction and Classification
by Phased array”. Materials Evaluation, vol. 40, no. 1: pp. 90-95
3. Fleury, G. And C. Gondard. 1994. Improvements of Ultrasonic Inspections through the
use of Piezo Composite Transducers”. 6th Eur. Conference on Non destructive Testing,
Nice
4. R/D Tech. 2007. Introduction to Phased Array Ultrasonic Technology Applications:R/D
tech Guidelines.

5. Moles M. 2005. “Portable Phased Array Applications”, www.ndt.net - 3rd MENDT Middle East Nondestructive Testing Conference & Exhibition .
6. Woo, Dr. Joseph. 2006. “A Short History of the Development of Ultrasound in Obstetrics
and Gynecology - Part 2”
7. Kass, D et al. 2006. “The Evolution and Benefits of Phased Array Technology for the
Every Day Inspector”. ECNDT - Poster 198
8. Fontanna. M and Greene. N. 1976. “Corrosion Engineering”. Second Edition (1st edition
released in 1967)
9. Jones, D. 1992. “Principles and Prevention of Corrosion”. Macmillan Publishing
Company.
10. Fontanna. M and Greene. N. 1976. “Corrosion Engineering”. Second Edition (1st edition
released in 1967)

