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Foreword 
 
 
This Malaysian Standard was developed by the Technical Committee on Non-Destructive 

Testing under the authority of the National Standards Committee on Mechanical Engineering. 

 

Compliance with a Malaysian Standard does not of itself confer immunity from legal obligations. 
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Introduction 
 
The purpose of this Malaysian Standard is to provide the minimum technical requirement for 
corrosion detection of offshore and onshore facilities (piping, pressure vessel, pipeline/riser and 
storage tank) by using ultrasonic testing (UT) examination. Area of interest may have internal 
discontinuities that developed during steel making processes. Signals from internal 
discontinuities may be detected and misinterpreted as internal corrosion. It is a requirement to 
segregate between actual metal loss and internal discontinuities.  
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Ultrasonic testing (UT) for corrosion detection 
 

1 Scope 
 
This Malaysian Standard specifies the minimum requirements for personnel qualification, 
equipment, surface preparations, scanning techniques, result evaluation and interpretation for 
performing corrosion detection in base and weld materials. 
 
This Malaysian Standard is only applicable for corrosion detection on ferritic steels component 
including, pressure vessel and pipeline/ riser. Carbon steel with internal cladding, externally 
wrapped and non-standard repairs (nsr) are excluded from this Standard. 
 
 

2 Normative references 
 
The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. 
For undated references, the latest edition of the referenced document (including any 
amendments) applies. 
 
ISO 16809, Non-destructive testing – ultrasonic thickness measurement 
 
ISO 16810, Non-destructive testing – ultrasonic testing – general principles 
 
BS EN 12668-1, Non – destructive testing characterisation and verification of ultrasonic 
examination equipment Instruments 
 
BS EN 12668-2, Non – destructive testing characterisation and verification of ultrasonic 
examination equipment probe 
 
BS EN 12668-3, Non – destructive testing characterisation and verification of ultrasonic 
examination equipment combined equipment 
 
ASME Section V, Article 4 
 
 

3 Terms and definition 
 
For the purposes of this standard, the following terms and definitions apply. 
 
3.1 side drilled hole (sdh) 
 
Calibration reflectors which are used in ultrasonic testing (UT). It is typically a drilled hole 
parallel to the scanning surface and presents the same reflector to all beam angles. 
 
3.2 three-echo UT 
 
UT screen that displays minimum of 3 reflected echoes from which average thickness is 
measured using 1st - 2nd echo and/or 2nd – 3rd echo. 
 
3.3 scan area 
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Area to be tested/ scanned. 
 
3.4 internal discontinuities 
 
Presence of discontinuities embedded during steel making process. 
 
3.5 flat bottom hole (fbh) 
 
A specific size of hole machined to have a flat reflecting surface at the hole bottom. 
 
3.6 preferential weld corrosion (pwc) 
 
A type of corrosion that normally occur on the weld root area and heat affected zone of a carbon 
steel material exposed to high wet CO2 content. The corrosion process is accelerated by the 
presence of weld imperfection/discontinuities/defect at the weld root. 
 
3.7 non-standard repairs (nsr) 
 
Repair which does not follow the main design document but acceptable by fitness-for-purpose. 
 
 

4 Abbreviated terms 
 

ACCP  ASNT Central Certification Program 
 
ASME  The American Society of Mechanical Engineers 
 
ASNT  American Society for Non - destructive Testing 
 
BSI  British Standard 
 
CO2  carbon dioxide 
 
CSWIP  Certification Scheme for Welding and Inspection Personnel 
 
DAC  distance amplitude correction 
 
DSD (JPK) Department of Skills Development (Jabatan Pembangunan  

Kemahiran) 
 
EN  European Standard 
 
FFS  fitness for service 
 
IRP  inspection reference plan 
 
LOPC  loss of primary containment 
 
MIC  Microbiologically Induced Corrosion 
 
MSC (SKM) Malaysian Skills Certificate (Sijil Kemahiran Malaysia) 
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OD  outside diameter 
 
PCN  Personnel Certification in Non - destructive Testing 
 
POD  probability of detection 
 
PTG  Petronas Technical Guideline 
 
TCG  time corrected gain 
 
ToFD  time of flight diffraction 
 
UT  ultrasonic testing 
 
 

5 Qualification of personnel 
 
5.1 Personnel for corrosion detection 
 
5.1.1 Personnel shall possess minimum valid certification of UT Level II in accordance with 
ISO 9712, national or international central certification programmes, such as MSC, PCN, 
CSWIP and ASNT. The personnel shall be certified in one or more of the following weld groups: 

 
a) Butt weld in plate 
b) Butt weld in pipe 
c) Fillet welds 
d) Nozzle joint 
e) Node joint 
f) T-K-Y joint 
 
5.1.2 Personnel shall have adequate experience in in-service inspection in oil and gas 
facilities or other related services. 
 
5.1.3 Personnel may be required to attend additional relevant training provided by relevant 
parties prior to performing the work. 
 
5.1.4 Contractor personnel who performs UT shall be required to demonstrate competency 
through practical mock-up test conducted by owner.  
 
5.1.5 Personnel is expected to understand the general principles of corrosion and the 
differences created by materials discontinuities. 
 
Types of common corrosions: 

 
a) CO2 corrosion 
b) Microbiologically Induced Corrosion (MIC) 
c) Cooling water corrosion 
d) Boiler water corrosion 
e) Flue gas dew point corrosion 
f) Corrosion and/or erosion 

 
Type of material discontinuities: 
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a) Lamination 
b) Inclusion 

 
6 Equipment 
 
6.1 Equipment to be used shall be in accordance with clause 5.1 c) of ISO 16809. 
 
6.2 Equipment shall comply with BS EN 12668 (part 1, part 2 and part 3) or ASME Section 
V, Article 4. 
 
6.3 Sensitivity setting shall be set with 2nd backwall echo set to 80% Full Screen Height 
for Normal Probe testing, and backwall reflection echo set to 5% screen height for Angle Probe 
testing. Sensitivity setting within 50% of maximum usable dB. 

 
7 Scanning area 
 
Scanning area shall be specified by owner where corrosion and erosion are expected to occur. 
 
7.1 Material size 

 
The minimum pipe size for base metal and weld metal scanning/thickness measurement with 
standard 10mm or bigger probe diameter shall be limited to 4 inch nominal pipe size (NPS). 
The use of smaller probe diameter for thickness measurement is allowed when the below 
requirements are complied: 
 
a) Demonstration shall be conducted.  
b) Issue specified in Annex B 1 is addressed. 
 
7.2 Material thickness 

 
7.2.1 For base metal scanning/thickness measurement using single crystal and twin crystal 
probe, the minimum thickness shall be 6mm and 1mm respectively. 
 
7.2.2 For weld metal scanning, the minimum material thickness shall be 8mm using single 
crystal angle probe. 

 
8 Surface temperature 
 
The maximum surface temperature shall be 70 degree Celsius. If operating surface 
temperature exceeds 70 degree Celsius, high temperature probe with suitable couplant shall 
be used with extra precaution during calibration. 

 

9 Couplant 
 
Any couplant as specified in ISO 16810 for general ultrasonic inspection may be used for 
inspection based on this standard. For rough surfaces, more viscous couplant may be used to 
enable sufficient sound transmission. 
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10 Calibration 
 
The performance of UT equipment shall be carried out in accordance with: 
 
a) BS EN 12668-1 Non - Destructive Testing Characterisation and verification of ultrasonic 

examination equipment Instruments; or 
b) ASME Section V, Article 4, Mandatory Appendix I and II. 
 
 

11 Surface preparation 
 
Surface condition may be categorised as follows: 
 
11.1  Unpainted surface 

 
This type of surface is without any paint coating or mill scale over it. Any loose oxide scale shall 
be removed before testing.  
 
11.2  Coated surface 

 
This type of surface has been coated with various type of paint. If the coating is in good 
adhesion with the steel surface, the coating may not be removed. 
 
11.3   Rough corroded surface 

 
This type of surface has suffered significant corrosion resulting to rough surface that can cause 
a problem to proper probe contact. More viscous couplant may be used to build up the surface 
of contact to improve sound transmission. Mild grinding may serve as second option to 
smoothen the surface. 
 
11.4  Weld surface 
 
This type of surface is in as welded condition with coated or uncoated weld cap having ripples 
that will prevent good probe contact. Mild grinding or filing may be applied to improve the 
surface condition for possible probe contact. 
 
 

12 Scanning procedure and testing 
 
12.1 The personnel shall perform UT examination based on approved written procedure in 
accordance with this standard. 
 
12.2 The personnel shall prepare UT examination report for review/ approval by owner. 
 
12.3 Selection of area of interest 
 
Specific area of interest shall be decided by the owner of facility. 
 
12.4 Thickness measurement on coated surface 
 
12.4.1 Actual metal wall thickness should be obtained by measuring between first and 
second backwall echoes. 
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12.4.2 When one backwall echo is received without repeated reflection, request will be 
made to the owner to remove the coating for verification and further investigation. 
 
12.5 Base metal scanning/screening 

 
12.5.1 For base metal scanning/ thickness measurement, normal beam probe shall be 
utilised. Any significant indications detected by normal beam probe which is interpreted as 
corrosion shall be verified by angle probe. 
 
12.5.2 Any area of interest which provide no backwall echo shall be investigated further to 
determine if it is due to coating disbondment or excessive internal corrosion/ erosion. In case 
of coating disbondment, this shall be reported to owner and may request the coating to be 
removed for further inspection. The following results may be obtained; 

 
a) Single back reflection is observed, the remaining wall thickness can be determined; 

 
b) Multiple back reflections are observed, the remaining wall thickness can be measured 

from two (2) consecutive back reflections; 
 

c) If back reflection is still not received under such condition, further investigation shall be 
made using angle probe in accordance with Annex A and Annex B. 

 
12.5.3 If the inspection grid is required by owner as part of reporting system, it shall be 
prepared on scan area with consistent cell size as per below and per Table 1: 

 
a) 10” x 10” 
b) 10” x 5” 
c) 5” x 5” 
d) or whichever agreed by owner.  
 

Table 1. Inspection Grid 

Plate/pipe size (inch) Grid size (inch) Remarks 

Pipe diameter < 6 1 x 1 
This recommended grid size 
may vary depending on 
specific requirement for a 
specific condition such as 
FFS. 

6 “≤ pipe diameter < 8 2 x 2 

Pipe size ≥ 8 2.5 x 2.5 

Plate (pressure vessel/tank) 2 x 2 

 

 

12.5.4 The whole grid areas shall be scanned prior to record the lowest thickness in each 
cell. Any area of concern or corrosion pattern shall be sketched clearly on the grid. 
 
12.5.5 Once a corrosion spot is confirmed, the depth of corrosion or remaining thickness 
shall be measured by any of the following options: 

 
a) Use multiple backwall echoes technique to measure the remaining thickness for coated 

surfaces. 
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b) Remove coating at the area of interest and measure the remaining thickness using first 
backwall echo technique when single crystal normal beam probe is used. 
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Annex A 
(Normative) 

 
UT angle beam technique for lamination/ internal discontinuities 

verification 
 
 

A.1 The area or boundary of inconclusive indications shall be determined using normal 
beam probe technique. 
 
A.2 To ascertain if reading obtained is from lamination/internal discontinuities or corrosion, 
the below steps shall be followed: 
 
i. An angle probe preferably 45 degrees should be used to scan around the edge of 

boundary (a1) to detect a corner reflector.  
ii. When a backwall reflector is observed instead, move the probe towards the boundary area 

(a2) to obtain further reflections. 
iii. If the beam path length at the half skip distance are consistent would indicate signal 

received by the Normal Probe was from a lamination/ internal discontinuities, not from a 
corrosion.  

 
NOTE. 70 degrees probe angle is highly recommended for thickness less than 20mm. For low thickness 
pipe/plate, more than one angle probes may be used for a complementary inspection. 
 

 

Figure A.1. Typical Lamination Scenario 

a 

 
Lamination 

a2 

a1 
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Annex B 
(Normative) 

 
UT angle beam technique for steep gradient metal loss (erosion) 

verification 
 

 
B.1 The area or boundary of inconclusive indication shall be determined using normal beam 
probe technique. 
 
B.2 To ascertain either erosion or internal discontinuities, the below steps shall be followed: 
 
i. An angle probe preferably 45 degrees should be used to scan around the edge of 

boundary (a1) for a corner reflector.  
ii. When a backwall corner reflector (b1) is observed, move towards the boundary area (a2) 

to obtain further reflections. 
iii. If the beam path length is decreasing as the probe move towards the boundary area, it 

indicates an erosion. 
 

 
 

Figure B.1. Typical Erosion Scenario 
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Annex C 
(Normative) 

 
UT angle beam technique for corrosion verification 

 
 
C.1 The area or boundary of inconclusive indication shall be determined using normal beam 
probe technique. 
 
C.2 To ascertain if indication received was from a corrosion or internal discontinuities, the 
below steps shall be followed: 
 
i. An angle probe preferably 45 degrees should be used to scan around the edge of 

boundary (a1) for a corner reflector.  
ii. When a backwall corner reflector (b1) is observed, move the probe towards the boundary 

area (a2) to obtain further reflections. 
iii. If the beam path length is decreasing as the probe move towards the boundary area, it 

indicates a corrosion. 
 

 

 
Figure C.1. Typical Base Metal Scanned by Angle Probe 
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Annex D 
(Normative) 

 
Differentiating signals from corroded internal surfaces and internal 

discontinuities 
 
 
D.1 Weld metal scanning 
 
For weld metal scanning, angle probe shall be utilised as a primary method and may be verified 
by normal beam probe. 

 

 
 

Figure D.1. Typical Preferential Weld Metal Corrosion 
 

D.2 In principle, corrosion detection by A-scan display equipment shall apply: 

 
i. The Base metal at the scanning area shall be free from internal discontinuities otherwise 

other NDT method shall be applied.  
 
ii. Transverse wave angle probe with half-skip scanning shall be applied. The equipment 

shall be able to set the sensitivity setting to produce the backwall signal at half skip 
distance with an angle probe. 

 
iii. Scanning area shall be preferably free from external corrosion or cavity or uneven surfaces 

or otherwise mild grinding is required. 
 
iv. Painting may be removed for obtaining an accurate measurement. 
 
v.  An angle probe preferably 45 degrees should be used to scan around the edge of 

boundary (a1) for a corner reflector.  
 
vi. When a backwall corner reflector (b1) is observed, move the probe towards the boundary 

area (a2) to obtain further reflections. 
 
vii. If the beam path length is decreasing as the probe move towards the boundary area, it 

indicates a corrosion. 
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Figure D.2. Typical Weld Root Corrosion Scanned by Angle Probe 
 
 
a) An alternative verification work may also be performed using normal beam probe with 

dressed weld cap as per figure 3 below or probe with flexible membrane should be 
applied. 

 
 

 
 

Figure D.3. Typical Weld Root Corrosion Tested by Normal Beam Probe 
 

 
b) The depth of corrosion may be calculated by subtracting the remaining weld cap height. 

In the event of different readings from angle and normal beam probes, the lowest reading 
should be considered for reporting.  
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Annex E 
(Informative) 

 
Error of Measurement 

 
 
E.1 Bigger probe size 
 
The use of relatively large diameter UT probe on small pipe diameter may lead to substantial 
error in UT measurement. 

 

   

Figure E.1 a: Perfect Probe 
Placement 

Figure E.1 b: Higher 
thickness than actual 

Figure E.1 c: No Reading 

 
To ensure stable contact with the scan area, the probe should be relatively small to the convex 
surface of pipe curvature, or a curved probe shoe should be used. 
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Annex F 
(Informative) 

 
Flowchart for UT corrosion detection for Base metal 

 
 

 
 
NOTE. Caution should be exercised when dealing with possible coating disbondment.  For base metal 
thickness less than 6mm (remaining thickness detected by UT), it is an essential to observe the repetitive 
UT echoes after the dead zone, if single crystal probe is used. Focal length or recommended thickness 
range measurement for Twin crystal probe shall be as per manufacturer recommendation. 
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Annex G 
(Informative) 

 
Flowchart for UT corrosion detection for Weld metal 
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