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FOREWORD

This Malaysian Standard was developed by the Technical Committee on Boilers and
Pressure Vessels under the authority of the Industry Standards Committee on Mechanical
Engineering.

MS 2404 consists of the following parts, under the general title Pressure vessel inspection
code:

Part 1: Inservice inspection
Part 2: Repairs and alterations

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.
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PRESSURE VESSEL INSPECTION CODE
- PART 1: INSERVICE INSPECTION

1 Scope

This Malaysian Standard specifies the guidelines for the inservice inspections required for
boilers and fired/unfired pressure vessels. This standard does not cover the following:

- graphite pressure equipment;
- fiber reinforced vessels; and

- propane LP gas vessels.

2 Normative references

The following normative references are indispensable for the application of this standard. For
dated references, only the edition cited applies. For undated references, the latest edition of
the normative reference (including any amendments) applies.

American Society of Mechanical Engineers (ASME) Boiler & Pressure Vessel Code Section |
or Section VIII, Construction

American Society of Mechanical Engineers (ASME) Boiler & Pressure Vessel Code Section Il,
Part D, Appendix 6, Metallurgical Phenomena

APl 579, Fitness-for-Service

APl 941, Steels for Hydrogen Service at Elevated Temperatures and Pressures in
Petrochemical Refineries and Petrochemical Plants

3 Definitions
For the purpose of this standard, the following definitions apply.
3.1 inspector

An employee of an authorised inspection agency who is qualified and certified to perform
such inspections under this standard.

3.2 authorised inspection agency

An agency that is recognised by the Department of Occupational Safety and Health, Malaysia
(DOSH).

© STANDARDS MALAYSIA 2011 - All rights reserved 1
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4 General requirements for inservice inspection of pressure-retaining
items

4.1 General

This clause provides guidelines and requirements for conducting inservice inspection and
testing of pressure-retaining items and pressure relief devices. Appropriately, this clause
includes precautions for the safety of inspection personnel. The safety of the Inspector is the
most important aspect of any inspection activity.

Understanding the potential damage deterioration mechanisms that can affect the mechanical
integrity of a pressure-retaining item and knowledge of the inspection methods that can be
used to find these damage mechanisms are essential to an effective inspection.

This clause includes a general discussion of various damage mechanisms and effective
inspection methods. In addition, some specific guidance is given on how to estimate the
remaining life of a pressure-retaining item and determine the appropriate inspection interval.

4.2 Administration

Jurisdictional requirements describe the frequency, scope, type of inspection, whether
internal, external or both, and type of documentation required for the inspection. The
Inspector shall have a thorough knowledge of jurisdictional regulations where the item is
installed, as inspection requirements may vary.

4.3 Stamping
a) Authorisation

When the stamping on a pressure-retaining item becomes indistinct or the nameplate is lost,
illegible, or detached, but traceability to the original pressure-retaining item is still possible,
the Inspector shall instruct the owner or user to have the stamped data replaced. All re-
stamping shall be done in accordance with the original code of construction, except as
modified herein. Requests for permission to re-stamp or replace nameplates shall be made to
the jurisdiction in which the pressure-retaining item is installed. Application must be made on
the replacement of stamped data to the Department of Occupational Safety and Health,
Malaysia. Proof of the original stamping and other such data, as is available, shall be
furnished with the request. Permission from the jurisdiction is not required for the
reattachment of nameplates that are partially attached. When traceability cannot be
established, the jurisdiction shall be contacted.

b) Replacement of Stamped Data
The restamping or replacement of data shall be withessed by an Inspector from the
Department of Occupational Safety and Health, Malaysia and shall be identical to the original

stamping.

Replacement nameplates shall be clearly marked "replacement".

2 © STANDARDS MALAYSIA 2011 - All rights reserved
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4.4 Reference to other codes and standards

Other existing inspection codes, standards and practices pertaining to the inservice inspection
of pressure-retaining items can provide useful information and references relative to the
inspection techniques listed in this standard. Additionally, supplementary guidelines for
assisting in the evaluation of inspection results and findings are also available. Some
acceptable guidelines are listed in the bibliography.

4.5 Conclusion

During any inspections or tests of pressure-retaining items, the actual operating and
maintenance practices should be noted by the Inspector and a determination made as to their
acceptability.

Defects or deficiencies in the condition, operating and maintenance practices of the boiler,
pressure vessel or piping system equipment should be discussed with the owner or user at
the time of inspection and recommendations made for correction of any such defects or
deficiencies.

5 Personnel safety and inspection activities

Visual examination is the basic method used when conducting an inservice inspection of
pressure-retaining items. Additional examination and test methods may be required at the
discretion of the inspector to provide additional information to assess the condition of the
pressure-retaining item. See Clause 6.

5.1 General

A proper inspection of a pressure-retaining item requires many pre-inspection planning
activities including safety considerations, an inspection plan that considers the potential
damage mechanisms, selection of appropriate inspection methods and awareness of the
jurisdictional requirements. This clause describes pre-inspection and post-inspection activities
applicable to all pressure-retaining items. Specific inspection requirements for pressure-
retaining items are identified in Clause 8 for boilers, Clause 9 for pressure vessels and Clause
10 for piping.

5.2 Personnel safety

Personnel safety is the joint responsibility of the owner or user and the Inspector. All
applicable safety regulations shall be followed. This includes Malaysian governmental rules
and regulations. Owner or user programs, safety programs of the Inspector's employer or
similar regulations also apply. In the absence of such rules, prudent and generally accepted
engineering safety procedures satisfactory to the Inspector shall be employed by the owner or
user.

5.3 Equipment operation

The Inspector should not operate equipment. Operation shall be conducted only by
competent individuals familiar with the equipment and qualified to perform such tasks.

© STANDARDS MALAYSIA 2011 - All rights reserved 3
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5.4 Vessel entry requirements

No pressure-retaining item shall be entered until it has been properly prepared for inspection.
The owner or user and inspector shall determine that pressure-retaining items may be
entered safely. This shall include:

a) Potential hazards associated with entry into the object have been identified by the owner
or user and are brought to the attention of the Inspector, along with acceptable means or
methods for dealing with each of these hazards;

b) Coordination of entry into the object by the Inspector and owner or user representative(s)
working in or near the object;

c) |If personal protective equipment is required to enter an object, the necessary equipment
is available and the Inspector is properly trained in its use; and

d) An effective energy isolation program (lock out and/or tag out) is in place and in effect that
will prevent the unexpected energising, start up or release of stored energy.

The Inspector shall be satisfied that a safe atmosphere exists before entering the pressure-
retaining item. The oxygen content of the breathable atmosphere shall be between 19.5 %
and 23.5 %.

The Inspector shall not be permitted to enter an area if toxic, flammable or inert gases, vapors
or dusts are present and above acceptable limits without appropriate personal protective
equipment. This may include, among other items, protective outer clothing, gloves, eye
protection and foot protection. The Inspector shall have the proper training governing the
selection and use of any personal protective clothing and equipment necessary to safely
perform each inspection. Particular attention shall be afforded respiratory protection if the
testing of the atmosphere of the object reveals any hazards.

5.5 Inspection activities
5.5.1 Preparation for internal inspection

The owner or user has the responsibility to prepare a pressure-retaining item for internal
inspection. Requirement of occupational safety and health regulations as well as the owner-
user's own program and the safety program of the Inspector's employer are applicable. The
pressure-retaining item should be prepared in the following manner or as deemed necessary
by the Inspector:

a) When a vessel is connected to a common header with other vessels or in a system where
liquids or gases are present, the vessel shall be isolated by closing, locking and/or
tagging stop valves in accordance with the owner's or user's procedures. When toxic or
flammable materials are involved, additional safety precautions may require removing
pipe sections or blanking pipelines before entering the vessel. The means of isolating the
vessel shall be acceptable to the Inspector and in compliance with applicable
occupational safety and health regulations and procedures. For boilers or fired pressure
vessels, the fuel supply and ignition system shall be locked out and/or tagged out, in
accordance with the owner or user procedures.

4 © STANDARDS MALAYSIA 2011 - All rights reserved
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The vessel shall be allowed to cool or warm at a rate to avoid damage to the vessel.
When a boiler is being prepared for internal inspection, the water should not be withdrawn
until it has been sufficiently cooled at a rate to avoid damage to the boiler.

The vessel shall be drained of all liquid and shall be purged of any toxic or flammable
gases or other contaminants that were contained in the vessel. Mechanical ventilation
using a fresh air blower or fan shall be started after the purging operation and maintained
until all pockets of “dead air,” which may contain toxic, flammable or inert gases are
reduced to acceptable limits. During air purging and ventilation of vessels involved with
flammable gases, the concentration of vapor in air may pass through the flammable range
before a safe atmosphere is obtained. All necessary precautions shall be taken to
eliminate the possibility of explosion or fire.

Manhole and hand hole plates, washout plugs, inspection plugs and any other items
requested by the Inspector shall be removed.

The Inspector shall not enter a vessel until all safety precautions have been taken. The
temperature of the vessel shall be such that the inspecting personnel will not be exposed
to excessive heat. Vessel surfaces should be cleaned as necessary.

If requested by the Inspector or required by regulation or procedure, a responsible person
(attendant) shall remain outside the vessel at the point of entry while the Inspector is
inside and shall monitor activity inside and outside and communicate with the Inspector
as necessary. The attendant shall have a means of summoning rescue assistance, if
needed, and to facilitate rescue procedures for those inside the vessel without personally
entering the vessel.

NOTE. If a vessel has not been properly prepared for an internal inspection, the inspector shall decline to make the
inspection.

5.5.2 Pre-Inspection activities

Prior to conducting the inspection, a review of the known history of the pressure-retaining item
and a general assessment of current conditions shall be performed. This shall include a
review of information such as:

a)
b)
c)
d)

e)

f)
9)
h)

date of last inspection;

current jurisdictional inspection certificate;

ASME Code Symbol Stamping or mark of code of construction;
National Board and/or jurisdiction registration number;

operating conditions and normal contents of the vessel (discuss any unique hazards with
the owner or user);

previous inspection report, operating logs and test records;
records of wall thickness checks, especially where corrosion or erosion is a consideration;

review of repairs or alterations for compliance with applicable requirements;

© STANDARDS MALAYSIA 2011 - All rights reserved 5
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i) observation of the condition of the complete installation, including maintenance and
operation, to form an opinion of the care the equipment receives; and

i) before starting the inspection, the area should be reviewed for potential hazards such as
exposure to falling objects and safety of any scaffolding. When a pressure test is to be
performed, the precautions in Clause 6.0 should be followed.

The following activities should be performed as required to support the inspection:

a) Pressure gauge should be removed for testing, unless there is other information to
assess its accuracy.

b) Pressure relief devices should be inspected in accordance with Clause 11.
5.5.3 Post-Inspection activities

Any defects or deficiencies in the condition, operating and maintenance practices of the
pressure-retaining item and auxiliary equipment should be discussed with the owner or user
and recommendations made for correction.

Documentation of inspection shall contain pertinent data such as description of item,
classification, identification numbers, inspection intervals, date inspected, type of inspection,
and test performed and any other information required by the inspection agency, jurisdiction
and/or owner-user. The Inspector shall sign, date and note any deficiencies, comments or
recommendations on the inspection report. The Inspector should retain and distribute copies
of the inspection report, as required.

6 Inspection and test methods
6.1 General

This clause describes acceptable inspection and test methods that are available to the
Inspector during inspection of pressure-retaining items.

6.2 Nondestructive examination methods (NDE)

Listed below is a variety of nondestructive examination methods that may be employed to
assess the condition of pressure-retaining items. The skill, experience and integrity of the
personnel performing these examinations are essential to obtain meaningful results. The
Inspector should review the methods and procedures to be employed to assure compliance
with jurisdictional requirements.

Generally, some form of surface preparation will be required prior to use of these examination
methods. When there is doubt as to the extent of a defect or detrimental condition found in a
pressure-retaining item, the Inspector is cautioned to seek competent technical advice and
supplemental NDE.

6 © STANDARDS MALAYSIA 2011 - All rights reserved
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6.2.1 Visual

Visual examination is an inspection method to ascertain the surface condition of the pressure-
retaining item. The Inspector should be aware of recognising various surface features and
comparing these features with damage mechanisms listed in Clause 7.0 that could indicate
exposure of the pressure-retaining item to harmful corrosion or elevated temperature service.

In some cases the Inspector may have limited or no access while performing an inspection of
the pressure-retaining item. Subject to approval of the jurisdiction, remote camera or fiber
optic devices may be considered acceptable methods to view and record the surface
condition of the pressure-retaining item.

6.2.2 Magnetic particle

The magnetic particle examination method can be used only on ferromagnetic materials to
reveal surface discontinuities and to a limited degree, those located below the surface. It uses
the principle that magnetic lines of force will attract magnetisable material. The sensitivity of
this method decreases rapidly with depth below the surface being examined and, therefore, it
is used primarily to examine for surface discontinuities.

In order to use this method, a magnetic field has to be established within the material to be
examined. This can be done directly by bringing a strong magnetic field into close proximity of
the item being examined or by inducing a magnetic field in the object by passing electric
current through the object.

If there is a discontinuity at or near the surface, it will deflect the magnetic lines of force out of
the object, thus creating a north pole (magnetic lines leave the north pole of a magnet). The
magnetic lines of force will reenter the test object on the other side of the discontinuity,
thereby creating a south pole (magnetic lines enter the south pole of a magnet). Since a north
and a south pole have been created they will attract magnetisable objects. Iron powder is
placed on the discontinuity is held in place by the lines of force and will be visible on the
surface of the test object.

6.2.3 Liquid penetrant

The liquid penetrant examination method is used to detect discontinuities that are open to the
surface of the material being examined. This method may be used on both ferrous and
nonferrous materials. Liquid penetrant examination may be used for the detection of surface
discontinuities such as cracks, seams, laps, cold shuts, laminations and porosity.

Liquid penetrant examination works by applying a coloured liquid (penetrant) to the object to
be examined. Time is allowed for the liquid to fill any voids that are open to the surface.
Excess penetrant is then removed and a “developer" is applied in a uniform, thin coating. The
developer acts as a blotter and draws the penetrant out of the discontinuity. The developer is
usually of a contrasting colour to the penetrant. The penetrant indications will appear as
coloured figures on a background of the developer.

Liquid penetrant examination is portable, fast and requires minimal operator training.

© STANDARDS MALAYSIA 2011 - All rights reserved 7
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6.2.4 Ultrasonic

Ultrasonic testing is used for volumetric examination of welds and base materials (metallic
and non-metallic) for detection of flaws. This method depends on sound waves of very high
frequency being transmitted through metal and reflected at any boundary, such as a metal to
air boundary at the surface of the metal, or metal crack boundary at a discontinuity. High
frequency sound waves can detect small irregularities but are easily absorbed, particularly by
coarse-grained materials. Sound waves can be introduced into a part either normal to the
surface or at predetermined angles. Factors such as material composition, surface condition,
choice of equipment and ability of the operator affect the results of ultrasonic inspection.
Ultrasonic testing can also be used to measure material thickness.

6.2.5 Radiography

Radiography is a volumetric method that can detect discontinuities throughout a material. This
method is commonly used to examine for surface and subsurface discontinuities. The use of
this method may be restricted due to the configuration of the welded joint or the limitations of
the radiographic equipment. Radiography will not give an indication of the depth of
discontinuity unless special procedures are used.

The method uses a high energy gamma ray or x-ray source to penetrate the material to be
examined. The rays are absorbed, reflected and refracted by the material but some of the
energy passes completely through. The energy of rays that pass completely through is
determined by the thickness and other physical properties of the material.

Radiography uses film to detect the rays which penetrate the material. The higher the energy
of the rays, the darker the film will become, similar to exposing photographic film to sunlight.
Most discontinuities (cracks, porosity and inclusions) reduce the amount of base material
available to absorb (attenuate) x-rays or gamma rays, thus allowing more energy to pass
through the material. Most discontinuities will appear as dark shapes on the radiographic film.

The technique used for radiography depends largely on the equipment used and what
experience has shown will produce the best results. It is not the function of the technician to
indicate the procedure to be followed, provided the procedure and films satisfy all
requirements of the applicable section of relevant acceptable code (e.g. ASME Code). The
radiographic film provides a permanent record of the results of the examination.

6.2.6 Eddy current

Examination method that measures changes in a magnetic field caused by discontinuities.
Eddy current can also detect a loss of material on inaccessible surfaces and be used to
detect changes in hardness of a material. There are three general types of eddy current coils:
a) the concentric coil which surrounds the part to be tested (e.g. tubing);

b) the probe coil which is brought adjacent to the part to be tested; and

c) the bobbin coil which is inserted into the part to be tested (e.g. tubing).

8 © STANDARDS MALAYSIA 2011 - All rights reserved
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6.2.7 Metallographic

Method of locally polishing, etching and viewing the surface of a pressure-retaining item with
either acetate tape (e.g. replication) or a field microscope to determine the condition of the
metal microstructure.

6.2.8 Acoustic emission

Acoustic emission is a method of detecting and monitoring discontinuities in a pressure
retaining item or load-bearing structure. This method utilises wave guides, transducers,
cables and a sophisticated data acquisition system to collect transient acoustic emissions
generated by the rapid release of energy from localised sources within the material being
tested. Signal amplitude, frequency and location are collected for many hours of operation at
various loads or pressures. Analysis of the data can determine if any part of the system
requires additional nondestructive examination with a more sensitive test method.

6.3 Testing

All testing should be performed by experienced personnel using written procedures
acceptable to the Inspector.

6.3.1 Pressure testing

During an inspection of a pressure-retaining item, there may be certain instances where
inservice conditions have adversely affected the tightness of the component or the inspection
discloses unusual, hard to evaluate forms of deterioration that may affect the safety of the
vessel. In these specific instances, a pressure test using air, water or other suitable test
medium may be required at the discretion of the Inspector to assess leak tightness of the
pressure-retaining item.

The Inspector is cautioned that a pressure test will not provide any indication of the amount of
remaining service life or the future reliability of a pressure-retaining item. The pressure test in
this instance only serves to determine if the pressure-retaining item contains defects which
will not allow the item to retain pressure. In certain instances, pressure tests of inservice
components may reduce the remaining service life of the component due to causing
permanent deformation of the item.

If an inservice pressure test is required, the following precautions shall be met:

a) The test pressure shall not exceed 90 % of the set pressure of the lowest setting pressure
relief device on the component to avoid damage to pressure relief devices;

b) Test pressure shall be selected or adjusted in agreement between the Inspector and the
owner-user. When the original test pressure includes consideration of corrosion
allowance, the test pressure may be further adjusted based upon the remaining corrosion
allowance;

¢) The metal temperature during a pressure test shall not be less than 16 °C unless the

owner-user provides information on the toughness characteristics of the vessel material to
indicate the acceptability of a lower test temperature;
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d) The metal temperature shall not be more than 50 °C unless the owner-user specifies the
requirement for a higher test temperature. If the owner-user specifies a test temperature
higher than 50 °C, then precautions shall be taken to afford the Inspector close
examination without risk of injury; and

e) When contamination of the vessel contents by any medium is prohibited or when a
pressure test is not practical, other testing methods described below may be used
provided the precautionary requirements of the applicable section of the original
construction code or other standards are followed. In such cases, there shall be
agreement as to the testing procedure between the owner-user and the Inspector.

6.3.2 Leak testing

Leak testing for the purpose of detecting any leakage may be performed when a pressure test
cannot be performed. Some methods or techniques for leak testing may include bubble test
(direct pressure or vacuum), helium mass spectrometer, pressure change or flow
measurement. Use of leak test procedures shall be in agreement between the owner-user
and the Inspector.

Use of written procedures and experienced personnel is required when performing leak tests.
The Inspector shall review the written procedure to become familiar with limitations,
adequacy, methods and acceptance standards identified.

6.4 Material preparation - General guidelines

Materials to be inspected shall be suitably prepared so surface irregularities will not be
confused with or mask any defects. Material conditioning such as cleaning, buffing, wire

brushing or grinding may be required by procedure or, if requested, by the Inspector.
Insulation or component parts may be required by the Inspector to be removed.

7 Causes of deterioration and failure mechanisms

7.1 General

This clause describes causes of deterioration such as corrosion and erosion and failure
mechanisms such as cracking, fatigue, creep and temperature gradients that are applicable to
pressure-retaining items. Further information concerning metallurgical properties of steels and
nonferrous alloys are described in various codes such as ASME Section Il, Part D, Appendix
6 of the Boiler and Pressure Vessel Code.

7.2 General

All metals and alloys are susceptible to corrosion. Corrosion is deterioration that occurs when
a metal reacts with its environment. Corrosion can be classified based on three factors:

a) nature
wet - liquid or moisture present;

dry - high temperature gasses;
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b) mechanism - electrochemical or direct chemical reactions; and
c) appearance - either uniform or localised.

7.3 Corrosion

7.3.1 Macroscopic corrosion environments

Macroscopic corrosion types are among the most prevalent conditions found in pressure
retaining items causing deterioration. The following corrosion types are found:

a) uniform corrosion (general)

The most common form of corrosion is the uniform attack over a large area of the metal
surface. Safe working pressure is directly related to the remaining material thickness and
failures can be avoided by regular inspection.

b) galvanic corrosion

Two dissimilar metals in contact with each other and with an electrolyte (i.e. a film of water
containing dissolved oxygen, nitrogen and carbon dioxide) constitute an electrolyte cell, and
the electric current flowing through the circuit may cause rapid corrosion of the less noble
metal (the one having the greater electrode potential). This corrosion mechanism is most
active when there are large differences between the electrode potentials of the two metals,
but galvanic corrosion may also exist with relatively minor changes of alloy composition (i.e.
between a weld metal and the base metal). Natural (i.e. an oxide coating on aluminum) or
protective coatings may inhibit galvanic corrosion, but in most instances the metals or alloys
must be selected on the basis of intrinsic resistance to corrosion. In pressure vessels the
effects of galvanic corrosion are most noticeable at rivets welds or at flanged and bolted
connections.

C) erosion corrosion
Movement of a corrodent over a metal surface increases the rate of attack due to mechanical
wear and corrosion. This corrosion is generally characterised as having an appearance of
smooth bottomed shallow pits and may also exhibit a directional pattern related to the path
taken by the corrodent.
d) crevice corrosion
Environmental conditions in a crevice can, with time, become different to those on a nearby
clean surface. A more aggressive environment may develop within the crevice and cause
local corrosion. Crevices commonly exist at gasket surfaces, lap joints, bolts, rivets, etc. They
are also created by dirt deposits, corrosion products, scratches in paint, etc. Crevice corrosion
is usually attributed to one or more of the following:

i) changes in acidity in the crevice;

i) lack of oxygen in the crevice;

iii) buildup of detrimental ions in the crevice; and

iv) depletion of a corrosion inhibitor in the crevice.
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e) pitting corrosion

Pitting corrosion is the formation of holes in an otherwise relatively unattacked surface. Pitting
is usually a slow process causing isolated, scattered pitting over a small area that does not
substantially weaken the vessel. It could, however, eventually cause leakage.

f) line corrosion

This is a condition where pits are connected, or nearly connected, to each other in a narrow
band or line. Line corrosion frequently occurs in the area of intersection of the support skirt
and the bottom of the vessel or liquid-vapor interface.

g) exfoliation and selective leaching

Exfoliation is a subsurface corrosion that begins on a clean surface but spreads below it. It
differs from pitting in that the attack has a laminated appearance. These attacks are usually
recognized by a flaky and sometimes blistered surface.

Selective leaching is the removal of one element in an alloy. This corrosion mechanism is
detrimental because it yields a porous metal with poor mechanical properties.

h) grooving

This type of corrosion is a form of metal deterioration caused by localised corrosion and may
be accelerated by stress concentration. Grooving may be found adjacent to riveted lap joints
or welds and on flanged surfaces, particularly the flanges of unstayed heads.

7.3.2 Microscopic corrosion environments

Microscopic corrosion environments are not visible to the naked eye. The following corrosion
types are among the most prevalent conditions found in pressure-retaining items causing
deterioration.

a) intergranular corrosion

Corrosion attack by a corrodent is usually relating to the segregation of specific elements or
the formation of a compound in the grain boundary. It usually attacks the grain boundary that
has lost an element necessary for adequate corrosion resistance. In severe cases entire
grains are dislodged causing the surface to appear rough to the naked eye and will feel
sugary because of the loose grains. Susceptibility to intergranular corrosion is usually a by-
product of heat treatment.

b) stress corrosion cracking

The action of tensile stress and a corrodent results in the cracking of metals. This is most
serious because periods of time (often years) may pass before cracks become visible. The
cracks then propagate quite rapidly and result in unexpected failures. Stresses that cause
cracking arise from cold working, welding, thermal treatment or may be externally applied
during service. The cracks can follow intergranular or transgranular paths and often have a
tendency for branching:
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The principal variables affecting stress corrosion cracking are tensile stress, service
temperature, solution chemistry, duration of exposure and metal properties. Modifying anyone
of these parameters sufficiently can reduce or eliminate the possibility of stress corrosion
cracking occurring in service. As an example, austenitic stainless steels used in water wetted
service are susceptible to stress corrosion cracking.

c) corrosion fatigue

This is a special form of stress corrosion cracking caused by repeated cyclic stressing. When
fatigue is in the presence of a corrodent, the resulting failure is corrosion fatigue. Such
failures are common to pressure-retaining items subjected to continued vibration.

7.4 Control of corrosion

There are many ways to control and avoid corrosion such as control of process variables,
engineering design, protection, material selection, and coatings.

7.4.1 Process variables

Some of the more common process variables that influence corrosion are listed below:

a) concentration of major constituents Impurities;

b) temperature;

c) pH;

d) velocity;

e) inhibitors; and

f) startup and downtime operations.

7.4.2 Engineering design

Crevice, galvanic, erosion and stress corrosion cracking are the types of corrosion most
controllable by proper design of equipment. Procedures and situations such as welding, end-
grain attack and drainage are also controlled by proper design techniques.

7.4.3 Protection

Protective methods such as cathodic and anodic corrosion control can minimise attack and
thereby reduce replacement costs or permit the use of less expensive or thinner materials.

7.4.4 Material selection
Chemical and physical properties of a material will enable selection of the best one for a
specific application. The final choice will often be a compromise between the desired physical

properties and economic factors. A checklist for material selection would include:

a) evaluating requirements to be met (properties, design, appearance, mechanical,
physical);
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b) material selection considerations;

c) corrodent variables;

d) application of equipment; and

e) experience of materials

7.45 Coatings

Metallic and inorganic materials are typical coatings for controlling corrosion. Selection of
materials depends on the corrodent, method of application, type of base material, and the
nature of bonding between the base material and coating. The success or failure of a coating
will often depend on the surface preparation. Techniques for applying metallic coatings could
include:

a) hot dipping;

b) metal spraying;

c) cladding;

d) cementation;

e) vapor deposition;

f) electroplating;

g) plating; and

h) welding.

Inorganic coatings would include:

a) porcelain, ceramic;

b) glass;

Cc) cement;

d) rubber;

e) paint; and

f) phosphates.

7.5 Conclusion

By carefully selecting materials and protection methods, we can predict and control corrosive
attack. However, there may be unexpected failures as a result of one or more of the following:

a) poor choice of materials;
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b) operating conditions different from those anticipated;
c) defective fabrication;

d) improper design;

e) inadequate maintenance; and

f) defective material.

Corrective actions will depend on which factors caused the problems making it important to
diagnose the reason for failure. Early detection of corrosion problems is important to prevent
failures and can be achieved by performing regular inspections and encouraging employees
to be observant and communicate their observations.

7.6 Failure mechanisms
7.6.1 Fatigue

Stress reversals (such as cyclic loading) in parts of equipment are common, particularly at
points of high secondary stress. If stresses are high and reversals frequent, failure of parts
may occur because of fatigue. Fatigue failures in pressure vessels may also result from cyclic
temperature and pressure changes. Locations where metals having different thermal
coefficients of expansion are joined by welding may be susceptible to thermal fatigue.

7.6.2 Creep

Creep may occur if equipment is subjected to temperatures above those for which the
equipment is designed. Since metals become weaker at higher temperatures, such distortion
may result in failure, particularly at points of stress concentration. If excessive temperatures
are encountered, structural property and chemical changes in metals may also take place,
which may permanently weaken equipment. Since creep is dependent on time, temperature
and stress, the actual or estimated levels of these qualities should be used in any evaluations.

7.6.3 Temperature

At subfreezing temperatures, water and some chemicals handled in pressure vessels may
freeze and cause failure. Carbon and low alloy steels may be susceptible to brittle failure at
ambient temperatures. A number of failures have been attributed to brittle fracture of steels
that were exposed to temperatures below their transition temperature and that were exposed
to pressures greater than 20 % of the required hydrostatic test pressure. However, most
brittle fractures have occurred on the first application of a particular stress level (that is, the
first hydrostatic test or overload). Special attention should be given to low alloy steels
because they are prone to temper embrittlement. Temper embrittliement is defined as a loss
of ductility and notch toughness due to postweld heat treatment or high temperature service,
above 370 °C.

7.6.4 Hydrogen embrittlement
The term hydrogen embrittlement (HE) refers to a loss of ductility and toughness in steels
caused by atomic hydrogen dissolved in the steel. Hydrogen that is dissolved in carbon and

low alloy steels from steel making, welding, or from surface corrosion can cause either
intergranular or transgranular cracking and "brittle" fracture behavior, without warning.
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Hydrogen embrittlement typically occurs below 95 °C because hydrogen remains dissolved
within the steel at or below this temperature. One example of hydrogen embrittlement is
underbead cracking. The underbead cracks are caused by the absorption of hydrogen during
the welding process in the hard, high strength weld heat affected zone (HAZ). Use of low
hydrogen welding practices to minimize dissolved hydrogen and/or the use of high preheat,
and/or post weld heat treatment can reduce susceptibility to cracking from hydrogen
embrittlement.

The diffusivity of hydrogen is such that at temperatures above 230 °C, the hydrogen can be
effectively removed eliminating susceptibility to cracking. Thus, hydrogen embrittlement may
be reversible as long as no physical damage (e.g., cracking or fissures), has occurred in the
steel.

It has been reported that hydrogen embrittlement is a form of stress corrosion cracking
(SCC). Three basic elements are needed to induce SCC, the first element is a susceptible
material, the second element is environment, and the third element is stress (applied or
residual). For hydrogen embrittlement to occur, the susceptible material is normally higher
strength carbon or low alloy steels, the environment must contain atomic hydrogen, and the
stress can be either service stress and/or residual stress from fabrication. If any of the three
elements are eliminated, HE cracking is prevented.

In environments where processes are conducted at elevated temperature, the reaction of
hydrogen with sulfur in carbon and low alloy reactor vessel steels can produce hydrogen
sulfide stress corrosion (SSC), which is a form of hydrogen embrittlement. Susceptibility to
sulfide stress corrosion cracking depends on the strength of the steel. Higher strength steels
are more susceptible.

The strength level at which susceptibility increases depends on the severity of the
environment. Hydrogen sulfide, hydrogen cyanide, and arsenic in aqueous solutions, all
increase the severity of the environment towards hydrogen embrittlement by increasing the
amount of hydrogen that can be absorbed by the steel during the corrosion reaction. In
hydrogen sulfide environments, susceptibility to cracking can be reduced by using steels with
a strength level below that equivalent to a hardness of 22 on the Rockwell C scale.

Other forms of hydrogen embrittlement are wet H,S cracking, hydrogen stress cracking,
hydrogen-induced cracking (HIC), and stress oriented hydrogen induced cracking (SOHIC). In
each case, three basic elements are required for this damage mechanism - susceptible
material, hydrogen generating environments, and stress (either residual or applied). Organic
or inorganic coatings, alloy cladding or linings, are often used as a barrier to mitigate wet H,S
corrosion and subsequent cracking.

7.6.5 High temperature hydrogen attack

Hydrogen attack occurs in a high temperature, high pressure hydrogen environment that can
degrade the mechanical strength of carbon and low alloy steels. The damage is caused by
hydrogen permeating into the steel and reacting with carbon to form methane. Since carbon is
an element that strengthens steel, its removal by the high temperature reaction with hydrogen
causes the steel to loose strength. In addition, methane can become trapped within the steel
at high pressures, eventually forming bubbles, fissures (cracks), and/or blisters.

16 © STANDARDS MALAYSIA 2011 - All rights reserved



MS 2404-1:2011

Damage caused by hydrogen attack is preceded by an incubation period with no noticeable
change in properties. After the incubation period, decarburisation and/or blistering and
fissuring will occur. The length of the incubation period varies with service temperature, the
partial pressure of hydrogen, and alloy content of the steel. Damage is reversible during the
incubation period, during which no loss of mechanical properties will have occurred. Once
permanent degradation begins, the damage is irreversible.

Hydrogen attack is a concern primarily in refinery and petrochemical plant equipment
handling hydrogen and hydrogen-hydrocarbon streams at temperatures above 230 °C and
pressure above 700 kPa.

A guideline for selection of steels to avoid hydrogen attack is given in APl 941. Also widely
known as the "Nelson Curves", APl 941 shows that the severity of hydrogen attack depends
on temperature, hydrogen partial pressure, exposure time, and steel composition. Additions of
chromium and molybdenum increase resistance to hydrogen attack.

It is important to understand that hydrogen attack is different from hydrogen embrittlement,
which is discussed in 7.6.4.

7.6.5.1 Hydrogen damage

Hydrogen damage has been encountered in steam boilers that operate in the high pressure
range (8 MPa or higher), with relatively high purity boiler feed water. In boilers, the
mechanism of hydrogen damage is initiated by underdeposit corrosion on water-touched
surfaces. During operation of the boiler, waterwall tubing exposed to high heat flux can result
in a departure from nucleate boiling (DNB) condition on the ID (waterside) surface due to
small flow disturbances. Because of the increased tube metal temperature, low levels of
contaminants in the boiler feed water precipitate (e.g. plate out) on the hot tube surface. The
intermittent wetting from flow, over time, results in the accumulation of deposits.

As the deposit begins to thicken, the tube metal beneath the deposit locally increases in
temperature causing oxidation of the tube metal. The oxidation/reduction corrosion
mechanism creates atomic hydrogen which permeates into the tube wall at boiler pressures
greater than 8 MPa.

The atomic hydrogen reacts with the carbon in the steel forming methane gas that results in
microfissures at grain boundaries and decarburisation. The combination of decarburisation
and microcracks increases the susceptibility to brittle fracture in service. The typical
appearance of hydrogen damage in boiler tubes is a thick-lipped, "window-type" blowout of
tube metal.

Hydrogen damage in copper and copper alloys has also been observed and is sometimes
known as steam embrittlement. This type of damage commonly occurs when the copper
contains oxygen. Hydrogen entering the metal reacts with the oxygen to form water. At certain
combinations of pressures and temperatures steam forms and the pressure generated is
sufficient to produce micro-cavity formation and cracking.

7.6.6 Bulges and blisters
A bulge may be caused by overheating of the entire thickness of the metal, thereby lowering

the strength of the metal which is then deformed by the pressure. Bulges may also be caused
by creep or temperature gradients.
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A blister may be caused by a defect in the metal such as a lamination where the side exposed
to the fire overheats but the other side retains its strength due to cooling effect of water or
other medium. Blisters may also be caused by a hydrogen environment (see 7.6.5).

7.6.7 Overheating

Overheating is one of the most serious causes of deterioration. Deformation and possible
rupture of pressure parts may result.

Particular attention should be given to surfaces exposed to fire. It should be observed
whether any part has become deformed due to bulging or blistering. If a bulge or blister
reduces the integrity of the component or when evidence of leakage is noted coming from
those defects, proper repairs must be made.

7.6.8 Cracks

Cracks may result from flaws existing in material. The design and operating conditions may
also cause cracking. Cracking can be caused by fatigue of the metal due to continual flexing
and may be accelerated by corrosion. Fire cracks are caused by the thermal differential when
the cooling effect of the water is not adequate to transfer the heat from the metal surfaces
exposed to the fire. Some cracks result from a combination of all these causes mentioned.

Cracks noted in shell plates and fire cracks that run from the edge of the plate into the rivet
holes of girth seams should be repaired. Thermal fatigue cracks determined by engineering
evaluation to be self arresting may be left in place.

Areas where cracks are most likely to appear should be examined. This includes the
ligaments between tube holes, from and between rivet holes, any flange where there may be
repeated flexing of the plate during operation and around welded connections.

Lap joints are subject to cracking where the plates lap in the longitudinal seam. If there is any
evidence of leakage or other distress at this point, the Inspector shall thoroughly examine the
area and, if necessary, have the plate notched or slotted in order to determine whether cracks
exist in the seam. Repairs of lap joint cracks on longitudinal seams are prohibited.

Where cracks are suspected, it may be necessary to subject the pressure-retaining item to
nondestructive examination to determine their location.

7.7 Specific inspection requirements

Specific inspection requirements for pressure retaining items to determine corrosion
deterioration and possible prevention of failures are identified in Clause 8 for boilers, Clause 9
for pressure vessels, and Clause 10 for piping.

8 Inspection of boilers

8.1 General

This clause provides guidelines for external and internal inspection of boilers used to contain

pressure. This pressure may be obtained from an external source or by the application of heat
from a direct or indirect source or a combination thereof.
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8.2 General conditions

Boilers are designed for a variety of service conditions. The temperature and pressure at
which they operate should be considered in establishing inspection criteria. This clause is
provided for guidance of a general nature.

There may be occasions where more detailed procedures will be required.

The condition of the complete installation, including maintenance and operation, can often be
used by the Inspector as a guide in forming an opinion of the care given to the boiler.

Usually the conditions to be observed by the Inspector are common to both power and
heating boilers, however, where appropriate, the differences are noted.

8.3 Pre-inspection activities

A review of the known history of the boiler shall be performed. This shall include a review of
information contained in Clause 5.0 and other items listed below.

8.4 Condition of installation

8.4.1 General

The general condition of the boiler room or boiler location should be assessed using
appropriate jurisdictional requirements and overall engineering practice. Items that are usually
considered are lighting, adequacy of ventilation for habitability, combustion air, housekeeping,
personal safety, and general safety considerations.

8.5 Inspections

8.5.1 External inspection

The external inspection of a boiler is made to determine if it is in a condition to operate safely.
Some items to consider are:

a) the boiler fittings, valves, and piping should be checked for compliance with ASME Code
or other standards or equivalent requirements.

b) adequacy of structure, boiler supports, and any associated support steel.

c) boiler casing should be free from cracks, combustion gas, or fluid leaks, excessive
corrosion or other degradation that could interfere with proper operation.

d) soot blowers, valving, and actuating mechanisms.

e) gaskets on observation doors, access doors, drums, handhole and manhole covers and
caps.

f) valves and actuators, either chains, motors and/ or handwheels.

g) leakage of fluids or combustion gases.
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8.5.2 Internal inspection

When a boiler is to be prepared for internal inspection, the water shall not be withdrawn until
the setting has been sufficiently cooled at a rate to avoid damage to the boiler as well as
additional preparations identified in 5.4 and 5.5.1.

The owner or user shall prepare a boiler for internal inspection in the following manner:

Before opening the manhole(s) and entering any part of the boiler that is connected to a
common header with other boilers, the required steam or water system stop valves (including
bypass) must be closed, locked out, and/or tagged in accordance with the owner-user's
procedures and drain valves or cocks between the two closed stop valves be opened. After
draining the boiler, the blowoff valves shall be closed, locked out, and/or tagged out in
accordance with the owner-user's procedures. Alternatively, lines may be blanked or sections
of pipe removed. Blowoff lines, where practicable, shall be disconnected between pressure
parts and valves. All drains and vent lines shall be open.

The owner or user shall review all personnel safety requirements as outlined in Clause 5 prior
to entry.

NOTE. If a boiler has not been properly prepared for an internal inspection, the inspector shall decline to make the
inspection.

8.5.3 Evidence of leakage

It is not normally necessary to remove insulating material, masonry, or fixed parts of a boiler
for inspection, unless defects or deterioration are suspected or are commonly found in the
particular type of boiler being inspected. Where there is evidence of leakage showing on the
covering, the Inspector shall have the covering removed in order that a thorough inspection of
the area may be made. Such inspection may require removal of insulating material, masonry,
or fixed parts of the boiler.

For additional information regarding a leak in a boiler or the extent of a possible defect, a
pressure test may be required.

a) to determine tightness, the test pressure need be no greater than the maximum allowable
working pressure stamped on the pressure-retaining item.

b) during a pressure test where the test pressure will exceed 90 % of the set pressure of a
pressure relief device, the device shall be removed whenever possible. If not possible or
practical, a spindle restraint such as a gag may be used provided that the valve
manufacturer's instructions and recommendations are followed. Extreme caution should
be employed to ensure only enough force is applied to contain pressure. Excessive
mechanical force applied to the spindle restraint may result in damage to the seat and/or
spindle and may interfere with the proper operation of the valve. The spindle restraint
shall be removed following the test.

The organisation who performs the pressure test and applies a spindle restraint shall
attach a metal tag that identifies the organisation and date the work was performed to the
pressure-relieving device. If the seal was broken, the organisation shall reseal the
adjustment housing with a seal that identifies the responsible organisation. The process
shall be acceptable to the jurisdiction where the pressure-retaining items are installed.
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c) the temperature of the water used to apply a pressure test should not be less than 20 °C
and the maximum temperature during inspection should not exceed 50 °C. A lower water
temperature could be used if the owner can provide information on the toughness
characteristics of the material to indicate acceptability of the lower test temperature.

d) hold-time for the pressure test shall be 10 mins prior to the examination by the Inspector.

e) hold-time for the examination by the Inspector shall be the time necessary for the
Inspector to conduct the inspections.

f)  when the introduction of water for a hydrostatic test will cause damage to a boiler or boiler
component, other testing media or vacuum testing may be used provided the
precautionary requirements of the applicable section of the original code of construction
or other standards are followed. In such cases, there shall be agreement as to the testing
procedure between the owner and the Inspector.

8.6 Inspection requirements - General (see Clause 7)
8.6.1 Corrosion

Corrosion causes deterioration of the metal surfaces. It can affect large areas or it can be
localised in the form of pitting. Isolated, shallow pitting is not considered serious if not active.

The most common causes of corrosion in boilers are the presence of free oxygen and
dissolved salts in the feedwater. Where active corrosion is found, the Inspector should advise
the owner or user to obtain competent advice regarding proper feedwater treatment.

For the purpose of estimating the effect of severe corrosion over large areas on the safe
working pressure, the thickness of the remaining sound metal should be determined by
ultrasonic examination or by drilling.

Grooving is a form of metal deterioration caused by localised corrosion and may be
accelerated by stress concentration. This is especially significant adjacent to riveted joints.

All flanged surfaces should be inspected, particularly the flanges of unstayed heads. Grooving
in the knuckles of such heads is common since there is slight movement in heads of this
design which causes a stress concentration.

Some types of boilers have ogee or reversed-flanged construction which is prone to grooving
and may not be readily accessible for examination. The Inspector should insert a mirror
through an inspection opening to examine as much area as possible. Other means of
examination such as the ultrasonic method may be employed.

Grooving is usually progressive and when it is detected, its effect should be carefully
evaluated and corrective action taken.

The fireside surfaces of tubes in horizontal firetube boilers usually deteriorate more rapidly at
the ends nearest the fire. The Inspector should examine the tube ends to determine if there
has been serious reduction in thickness. The tube surfaces in some vertical tube boilers are
more susceptible to deterioration at the upper ends when exposed to the heat of combustion.
These tube ends should be closely examined to determine if there has been a serious
reduction in thickness. The upper tube sheet in a vertical "dry top" boiler should be inspected
for evidence of overheating.
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Pitting and corrosion on the waterside surfaces of the tubes should be examined. In vertical
firetube boilers, excessive corrosion and pitting is often noted at and above the water level.

The surfaces of tubes should be carefully examined to detect corrosion, erosion, bulges,
cracks, or evidence of defective welds. Tubes may become thinned by high velocity
impingement of fuel and ash particles or by the improper installation or use of soot blowers. A
leak from a tube frequently causes serious corrosion or erosion on adjacent tubes.

In restricted fireside spaces, such as where short tubes or nipples are used to join drums or
headers, there is a tendency for fuel and ash to lodge at junction points. Such deposits are
likely to cause corrosion if moisture is present and the area should be thoroughly cleaned and
examined.

8.6.2 Inspection of piping, parts, and appurtenances
8.6.2.1 Boiler piping

Piping should be inspected in accordance with Clause 10.
8.6.2.2 Waterside deposits

All accessible surfaces of the exposed metal on the waterside of the boiler should be
inspected for deposits caused by water treatment, scale, oil or other substances. Oil or scale
in the tubes of watertube boilers is particularly detrimental since this can cause an insulating
effect resulting in overheating, weakening, and possible metal fatigue by bulging or rupture.

Excessive scale or other deposits should be removed by chemical or mechanical means.
8.6.2.3 Stays and staybolts

All stays, whether diagonal or through should be inspected to determine whether or not they
are in even tension. Staybolt ends and the stayed plates should be examined to determine
whether cracks exist. In addition, stayed plates should be inspected for bulging in the general
area of the stay. Each staybolt end should be checked for excessive cold working (heading)
and seal welds as evidence of a possible leakage problem. Stays or staybolts that are not in
tension or adjustment should be repaired. Broken stays or staybolts shall be replaced.

The Inspector should test firebox staybolts by tapping one end of each bolt with a hammer
and, where practicable, a hammer or other heavy tool should be held on the opposite end to
make the test more effective. An unbroken bolt should give a ringing sound while a broken
bolt will give a hollow or non-responsive sound. Staybolts with telltale holes should be
examined for evidence of leakage, which will indicate a broken or cracked bolt. Broken
staybolts shall be replaced.

8.6.2.4 Flanged or other connections
The manhole and reinforcing plates, as well as nozzles or other connections flanged or bolted
to the boiler, should be examined for evidence of defects both internally and externally.

Whenever possible, observation should be made from both sides, internally and externally, to
determine whether connections are properly made to the boiler.
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All openings leading to external attachments, such as water column connections, low water
fuel cut-off devices, openings in dry pipes, and openings to safety valves, should be
examined to ensure they are free from obstruction.

8.6.2.5 Miscellaneous

The piping to the water column should be carefully inspected to ensure that water cannot
accumulate in the steam connection. The position of the water column should be checked to
determine that the column is placed in accordance with ASME Code or other standard or
equivalent requirements.

The gas side baffling should be inspected. The absence of the proper baffling or defective
baffling can cause high temperatures and overheat portions of the boiler. The location and
condition of combustion arches should be checked for evidence of flame impingement, which
could result in overheating.

Any localisation of heat caused by improper or defective installation or improper operation of
firing equipment should be corrected before the boiler is returned to service.

The refractory supports and settings should be carefully examined, especially at points where
the boiler structure comes near the setting walls or floor, to ensure that deposits of ash or
soot will not bind the boiler and produce excessive strains on the structure due to the
restriction of movement of the parts under operating conditions.

When tubes have been rerolled or replaced, they should be inspected for proper
workmanship. Where tubes are readily accessible, they may have been over rolled.
Conversely, when it is difficult to reach the tube ends they may have been under rolled.

Drums and headers should be inspected internally and externally for signs of leakage,
corrosion, overheating, and erosion. Inspect blow down piping and connections for expansion
and flexibility. Check header seals for gasket leakage.

Soot blower mechanical gears, chains, pulleys, etc., should be checked for broken or worn
parts. Inspect supply piping to the soot blowers for faulty supports, leakage, and expansion
and contraction provisions. Check design for proper installation to allow for complete drainage
of condensate, which may cause erosion.

Valves should be inspected on boiler feedwater, blow down, drain, and steam systems for
gland leakage, operability, tightness, handle, or stem damage, body defects and general
corrosion.

8.6.2.6 Gauges

Ensure that the water level indicated is correct by having the gauge tested as follows:

a) Close the lower gauge glass valve, then open the drain cock and blow the glass clear.

b) Close the drain cock and open the lower gauge glass valve. Water should return to the
gauge glass immediately.

c) Close the upper gauge glass valve, then open the drain cock and allow the water to flow
until it runs clean.
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d) Close the drain cock and open the upper gauge glass valve. Water should return to the
gauge glass immediately.

If the water return is sluggish, the test should be discontinued. A sluggish response could
indicate an obstruction in the pipe connections to the boiler. Any leakage at these fittings
should be promptly corrected to avoid damage to the fittings or a false waterline indication.

Each hot water boiler should be fitted with a temperature gauge at or near the boiler outlet
that will at all times indicate the water temperature.

Where required, all the pressure gauges shall be removed, tested, and their readings
compared to the readings of a standard test gauge or a dead weight tester.

The location of a steam pressure gauge should be noted to determine whether it is exposed
to high temperature from an external source or to internal heat due to lack of protection by a
proper siphon or trap. The Inspector should check that provisions are made for blowing out
the pipe leading to the steam gauge.

The pressure indicated on the pressure gauge should be compared with other gauges on the
same system or with a standard test gauge, if necessary. The Inspector should observe the
reading during tests; for example, the reduction in pressure when testing the low water fuel
cutoff control or safety valve on steam boilers. Defective gauges should be promptly replaced.

8.6.2.7 Pressure relief devices

See Clause 11 for the inspection of safety devices (pressure relief valves) used to prevent
overpressure of boilers.

8.6.2.8 Controls

Verify operation of low water protection devices by observing the blow down of these controls
or the actual lowering of boiler water level under carefully controlled conditions with the burner
operating. This test should shut off the heat source to the boiler. The return to normal
condition such as the restart of the burner, the silencing of an alarm or stopping of a feed
pump should be noted. A sluggish response could indicate an obstruction in the connections
to the boiler.

The operation of a submerged low water fuel cutoff mounted directly in a steam boiler shell
should be tested by lowering the boiler water level carefully. This should be done only after
being assured that the water level gauge glass is indicating correctly.

On a high-temperature water boiler, it is often not possible to test the control by cutoff
indication, but where the control is of the float type, externally mounted, the float chamber
should be drained to check for the accumulation of sediment.

In the event controls are inoperative or the correct water level is not indicated, the boiler.
should be taken out of service until the unsafe condition has been corrected.

All automatic low water fuel cut-off and water feeding devices should be examined by the
Inspector to ensure that they are properly installed. The Inspector should have the float
chamber types of control devices disassembled and the float linkage and connections
examined for wear.
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The float chamber should be examined to ensure that it is free of sludge or other
accumulation. Any necessary corrective action should be taken before the device is placed
back into service. The Inspector should check that the operating instructions for the devices
are readily available.

Check that the following controls/devices are provided:

a) Each automatically fired steam boiler is protected from over pressure by not less than two
pressure operated controls, one of which may be an operating control.

b) Each automatically fired hot water boiler is protected from over-temperature by not less
than two temperature operated controls, one of which may be an operating control.

c) Each hot water boiler is fitted with a thermometer that will, at all times, indicate the water
temperature at or near the boiler outlet.

8.6.2.9 Records review

A review of the boiler log, records of maintenance and feedwater treatment should be made
by the Inspector to ensure that regular and adequate tests have been made on the boiler and
controls.

The owner or user should be consulted regarding repairs or alterations, if any, which have
been made since the last inspection. Such repairs or alterations should be reviewed for
compliance with the jurisdictional requirements, if applicable.

8.7 Specific inspection requirements for boiler types

The following details are unique to specific type boilers and should be considered when
performing inspections along with the general requirements as previously outlined.

8.7.1 Watertube boiler

Typically constructed of drums, headers, and tubes, boilers of this type are used to produce
steam or hot water commonly in large quantities. They range in size and pressure from small
package units to extremely large field erected boilers with pressures in excess of 20 MPa
gauge. These boilers may be fired by many types of fuels such as wood, coal, gas, oil, trash,
and black liquor.

There are many locations both internal and external where moisture and oxygen combine
causing primary concern for corrosion. The fuels burned in this type of boiler may contain ash,
which can form an abrasive grit in the flue gas stream. The abrasive action of the ash in high
velocity flue gas can quickly erode boiler tubes. Their size and type of construction poses
mechanical and thermal cyclic stresses.

Unique parts associated with this type of construction such as casing, expansion supports,

superheater, economizer, soot blowers, drums, headers, and tubes should be inspected
carefully and thoroughly in accordance with 8.6, as applicable.
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8.7.2 Black liquor (kraft or sulfate) recovery boilers

Boilers of this type are used in the pulp and paper industry. Black liquor is a by-product of
pulping processing. It contains organic and inorganic constituents and is concentrated from
about 10 % solids to at least 58 % solids for firing in the recovery boilers. The organic material
that is dissolved in the pulping process combusts and the spent pulping chemicals form a
molten pool in the furnace. The molten material, or "smelt,” drains from the furnace wall
through smelt spouts into a smelt dissolving tank for recovery of the chemicals. Ultimately, the
by-product of the recovery process is steam used for processing and power.

Gas or oil auxilliary burners are used to start the self-sustaining black liguor combustion
process and may be used to produce supplemental steam if sufficient liquor is not available.

The recovery combustion process requires a reducing atmosphere near the furnace floor and
an oxidising atmosphere in the upper furnace for completion of combustion. Pressure parts
within the furnace require protection from the reducing atmosphere and from sulfidation. The
rate of corrosion within the furnace is temperature dependent. Boilers operating up to 6 MPa
typically have plain carbon steel steam generating tubes with pin studs applied to the lower
furnace to retain a protective layer of refractory or "frozen" smelt. Above 6 MPa the lower
furnace tubes will typically have a special corrosion protection outer layer. The most common
is a stainless steel clad “composite tube." Other protection methods are corrosion resistant
overlay welding, thermal or plasma spray coating, and diffusion coating.

The unique hazard of these boilers is the potential for an explosion if water should be
combined with the molten smelt. The primary source of water is from pressure part failure,
permitting water to enter the furnace. The owner's inspection program is carefully developed
and executed at appropriate intervals to avoid pressure part failure that could admit water to
the furnace. A second source of water is the liquor fuel. Permitting black liquor of 58% or
lower solids content to enter the furnace can also result in an explosion. The black liquor firing
controls include devices which monitor and automatically divert the liquor from the furnace if
solids content is 58 % or lower.

In addition to the general inspection requirements for all watertube-type boilers, particular
awareness in the following areas is necessary:

a) furnace

The type and scope of wall, roof, and water screen tube inspection is dependent on materials
of construction, type of construction, and mode of boiler operation. In all cases, furnace wall
opening tubes need inspection for thinning and cracking. The typical water-cooled smelt spout
can admit water to the furnace if the spout fails. Common practice is to replace these spouts
in an interval shorter than that in which failure is known to occur.

b) water
Percentage of solids contained in the black liquor before entering the furnace should be

closely monitored. Verify that the black liquor firing system will automatically divert the liquor if
solids drop to or below 58 %.
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c) corrosion/erosion

The potential consequences of corrosion or erosion (smelt-water explosion due to pressure-
retaining part failure) requires a well planned and executed inspection program by the owner.
Maintenance of boiler water quality is crucial to minimising tube failure originating from the
water side.

d) tubes

Depending on type of construction, inspect for damage such as loss of corrosion protection,
thinning, erosion, overheating, warping, elongation, bulging, blistering, and misalignment. If
floor tubes may have been mechanically damaged or overheated, clean the floor and perform
appropriate type of inspection for suspected damage.

Excursions in water treatment may result in scale and sludge on internal surfaces, creating
conditions of poor heat transfer and ultimately causing crack or rupture of tube.

e) welds

Leaks frequently originate at welds. The owner and repair agency should carefully plan and
inspect all repair welds that could admit water to the furnace. Tube butt welds that could admit
water to the furnace should be examined by a volumetric NDE method acceptable to the
inspector. Tube leaks at attachment welds may originate from the internal stress-assisted
corrosion (SAC). Minor upsets in boiler water quality and improper chemical cleaning may
initiate SAC.

f) emergency response to water entering furnace

Operators of Kraft recovery boilers should have a plan to immediately terminate all fuel firing

and drain water from the boiler if a tube is known or suspected to be leaking into the furnace.

This system may be called "Emergency Shutdown Procedure" or "ESP." The inspector should

confirm the ESP is tested and maintained such that it will function as intended and that

operators will activate the system when a leak into the furnace occurs or is suspected.

g) overheating

Tube rupture due to overheating from low water level may admit water to the furnace. The

inspector should verify a redundant low-water protection scheme is provided and maintained.

Recommended procedures for inspection of black liquor recovery boilers are identified below:

e American Forest and Paper Association “Recovery boiler reference manual for owners
and operators of kraft recovery boilers," Volumes | (revised June 1991), Il (revised June
1991), and Ill (first edition October 1984);

e The Black Liquor Recovery Boiler Advisory Committee, Recommended Practices; and

e Technical Association of the Pulp & Paper Industry (TAPPI), Technical Information
Papers.

Details of the references are in the Bibliography.
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8.7.3 Thermal fluid heaters
a) design and operating features

Thermal fluid heaters are pressure vessels in which a synthetic or organic fluid is heated or
vaporised. The fluids are typically flammable, are heated above the liquid flash point, and may
be heated above the liquid boiling point. The heaters are commonly direct-fired by combustion
of a fuel or by electric resistance elements. Heater design may be similar to an electric
resistance heated boiler, to a firetube boiler or, more commonly, to a watertube boiler.
Depending on process heating requirements, the fluid may be vaporized with a natural
circulation, but mote often, the fluid is heated and circulated by pumping the liquid. Use of
thermal fluid heating permits heating at a high temperature with a low system pressure
[315 °C to 370 °C at pressures just above atmospheric]. To heat water to those temperatures,
a liquid would require pressures of at least 10.6 MPa.

Nearly all thermal heating fluids are flammable. Leaks within a fired heater can result in
destruction of the heater. Leaks in external piping can result in fire and may result in an
explosion. Water accumulation in a thermal heating system may cause upsets and possible
fluid release from the system if the water contacts heated fluid (Remember flashing water
expands 1 600 times). It is essential for safe system operation to have installed and to
maintain appropriate fluid level, temperature and flow controls for liquid systems and level,
temperature and pressure controls for vapor systems.

Because heat transfer fluids contract and become more viscous when cooled, proper controls
and expansion tank venting are required to prevent low fluid level and collapse of the tank.
Some commonly used fluids will solidify as high as 12 °C. Others do not become solid until
-40 °C or even lower. The fluids that become viscous will also become difficult to pump when
cooled. Increased viscosity could cause low flow rates through the heater. The heater
manufacturer recommendations and the fluid manufacturer's Material Safety Data Sheets
(MSDS) should be reviewed for heat tracing requirements.

b) industrial applications

Thermal fluid heaters, often called boilers, are used in a variety of industrial applications such
as resins, turpentines, various types of chemicals, and drugs, plastics, corrugating plants, and
wherever high temperatures are required.

They are also frequently found in asphalt plants for heating of oils, tars, asphalt pitches and
other viscous materials. Many chemical plants use this type of heater in jacketed reactors or
other types of heat exchangers.

C) inspection

Inspection of thermal fluid heaters typically is done in either the operating mode or the
shutdown mode. Internal inspections, however, are rarely possible due to the characteristics
of the fluids and the need to drain and store the fluid. Reliable and safe operation of a heater
requires frequent analysis of the fluid to determine that its condition is satisfactory for
continued operation. If the fluid begins to breakdown, carbon will form and collect on heat
transfer surfaces within the heater. Overheating and pressure boundary failure may result.
Review of fluid test results and controls and safety device maintenance records are essential
in determining satisfactory conditions for continued safe heater operation.
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Due to the unique design and material considerations of thermal fluid heaters and vaporisers,
common areas of inspection are:

i) design

Specific requirements outlined in construction codes must be met. Some jurisdictions may
require ASME Section | or Section VIII construction. Code requirements for the particular
jurisdiction should be reviewed for specific design criteria.

i) materials

For some thermal fluids, the use of aluminum or zinc anywhere in the system is not
advisable. Aluminum acts as a catalyst that will hasten decomposition of the fluid. In
addition, some fluids when hot will cause aluminum to corrode rapidly or will dissolve zinc.
The zinc will then form a precipitate that can cause localised corrosion or plug
instrumentation, valves, or even piping in extreme cases. These fluids should not be used
in systems containing aluminum or galvanised pipe. The fluid specifications will list such
restrictions.

NOTE. Some manufacturers of these fluids recommend not using aluminum paint on valves or fittings in the
heat transfer system.

iii) corrosion

When used in applications and installations recommended by fluid manufacturer, heat
transfer fluids are typically noncorrosive. However, some fluids, if used at temperatures
above 65 °C in systems containing aluminum or zinc can cause rapid corrosion.

iv) leakage

Any sign of leakage could signify problems since the fluid or its vapors can be hazardous
as well as flammable. The thermal fluid manufacturer specifications will list the potential
hazards.

v) solidification of the fluid

Determine that no conditions exist, which would allow solidification of the thermal fluid.
When heat tracing or insulation on piping is recommended by the heater manufacturer,
the heat tracing and insulation should be checked for proper operation and installation.

vi) pressure relief devices

All pressure relief devices should be connected to a closed, vented storage tank or
blowdown tank and must be the type with a closed-bonnet, no manual lift lever and solid
piped discharge to an appropriately vented receiver. If outdoor discharge is used, the
following should be considered for discharge piping at the point of discharge:

1) both thermal and chemical reactions (personnel hazard);

2) combustible materials (fire hazard) Surface drains (pollution and fire hazard);

3) loop seal or rain cap on the discharge (keep both air and water out of the system);
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4) drip leg near device (prevent liquid collection); and
5) heat tracing for systems using high freeze point fluids (prevent blockage).
8.7.4 Waste heat boilers

Waste heat boilers are usually of firetube or watertube type and obtain their heat from an
external source or process in which a portion of the BTU's have been utilised. Generation of
electrical energy is usually the primary application of waste heat boilers. The biggest
disadvantage of this type of boiler is that it is not fired on the basis of load demand. Since the
boiler does not have effective control over the amount of heat entering the boiler, there may
be wide variations or fluctuations of metal temperatures. Waste process gasses are usually in
a temperature range of 205 °C to 425 °C, where combustion gasses of conventional fired
boilers are at about 1 095 °C. Special design considerations are made to compensate for
lower combustion gas temperatures such as the use of finned high-efficiency heat absorbing
tubes, and by slowing the velocity of gasses through the boiler.

Due to the unique design and material considerations of waste heat boilers, the following are
common areas of inspection.

a) corrosion

Chemicals in waste heat gasses may create corrosive conditions and react adversely when
combined with normal gasses of combustion. Water or steam leakage can create localised
corrosion. Extreme thermal cycling can cause cracks and leakage at joints.

b) erosion

Typically waste heat flow is very low and erosion is not a problem, however, when waste heat
is supplied from an internal combustion engine, exhaust gasses can be high enough to cause
erosion.

c) vibration

In some process applications and all engine waste heat applications, the boiler may be
subjected to high vibration stresses.

d) acid attack

In sulfuric acid processes refractory supports and steel casings are subject to acid attack.
Piping, filters, heat exchangers, valves, fittings, and appurtenances are subject to corrosive
attacks because these parts are not normally made of corrosion resistant materials.

e) dry operation

In certain applications waste heat boilers are operated without water. Care must be taken not

to expose carbon steel material to temperatures in excess of 425 °C for prolonged periods.
Carbides in the steel may precipitate to graphite at elevated temperatures.
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8.7.5 Cast-iron boilers

Cast-iron boilers are widely used in a variety of applications to produce low pressure steam
and hot water heat. Cast-iron boilers should only be used in applications that allow for nearly
100 % return of condensate or water, and are not typically used in process-type service.
These boilers are designed to operate with minimum scale, mud, or sludge, which could occur
if makeup water is added to this system.

Due to the unique design and material considerations of cast-iron boilers, the following are
common areas of inspection.

a) scale and sludge

Since combustion occurs at or near the bottom, accumulation of scale or sludge close to the
intense heat can cause overheating and lead to cracking.

b) feedwater

Makeup feed water should not come in contact with hot surfaces. Supply should be
connected to a return pipe for tempering.

c) section alignment

Misalignment of sections can cause leakage. Leakage or corrosion between sections will not
allow normal expansion and contraction which may cause cracking.

d) tie rods or draw rods

Used to assemble the boiler and pull the sections together. These rods must not carry any
stress and need to be loose allowing for section growth during heat up. Expansion washers
may be used and nuts should be just snugged allowing for expansion.

e) push nipple or seal area

Corrosion or leakage is likely at the push nipple opening usually caused by the push nipple
being pushed into the seat crooked, warping due to overheating, tie rods too tight, and push
nipple corrosion/ erosion.

f) corrosion

Fire sides of sections can corrode due to ambient moisture coupled with acidic flue gas
deposits.

g) soot
Inadequate oxygen supply or improperly adjusted burner can allow for soot buildup in fireside

passages. A reduction in efficiency and hot spots may occur. Soot, when mixed with water,
can form acidic solutions harmful to the metal.
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8.7.6  Electric boilers

This type boiler is heated by an electrical energy source, either by use of electric resistant
coils or induction coils. These boilers are used to service small or medium size loads and may
be used in either high or low pressure steam or hot water applications.

Due to the unique design and material considerations of electric boilers, the following are
common areas of inspection.

a) weight stress of the elements

Some electrodes and elements can be quite heavy, especially if covered with scale deposits.
These elements will scale sooner and at a faster rate than internal surfaces. Excessive weight
puts severe stress on the attachment fittings and welds at support points.

b) thermal shock

Heaters are constantly cycling on and off creating temperature gradients.

c) leakage

Any leakage noted at the opening where electrodes or elements are inserted is extremely
dangerous due to the possible exposure of electrical wires, contacts and breakers.

8.7.7 Fired coil water heaters
These heaters are used for rapid heating of potable water or hot water service. This design
utilises a coil through which the water being heated is passed. This type of heater has very

little volume and may be used in conjunction with a hot water storage vessel.

Due to the unique design and material considerations of fired coil water heaters, the following
are common areas of inspection.

a) erosion

Size and velocity of water flow through the coil combines to create wear and thinning of the
coils. If a temperature differential is created within the coil, bubbles or steam may cause
grooving or cavitation.

b) corrosion

This type of system uses 100 % makeup which contains free oxygen creating opportunities
for extensive corrosion.

c) vibration

Operation of the burner creates a certain amount of vibration. Creation of steam, hot spots or
lack of flow may create a water hammer causing extensive vibration and mechanical stresses.
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d) scale

Due to the large volume of makeup, significant amounts of scale forming particles will adhere
to the hot surfaces.

8.7.8 Fired storage water heaters

Fired storage water heaters are vertical pressure vessels containing water to which heat is
applied. Typically gas burners are located directly beneath the storage vessel. These heaters
should be insulated and fitted with an outer jacket and may be lined with porcelain, glass,
galvanised metal, cement, or epoxy.

Due to the unique design and material considerations of fired storage water heaters, the
following are common areas of inspection.

a) corrosion

Moisture may be trapped between the insulation and outer jacket, which may cause corrosion
of the pressure boundary.

b) mud and sludge

There is 100 % makeup of water allowing for accumulation of mud and sludge to build up in
the bottom portions of the vessel. Any buildup can cause overheating and failure of the metal
in this area.

c) scale

Loose scale may accumulate in areas adjacent to the burner and lower portions of the vessel,
interfering with heat transfer process and causing localised overheating. Scale and sludge
can also shield temperature control probes giving false readings and allowing overheating of
the water.

d) thermal cycling

Heated water is continually replaced with cold water causing thermal stress within the vessel.
e) lining

Loss of lining or coating will allow for rapid deterioration of the pressure boundary.

f) pressure

If water supply pressure exceeds 75 % of set pressure of safety relief valve, a pressure
reducing valve may be required.

g) expansion

If the water heater can be isolated by such use as a check valve, it is recommended that an
expansion tank be provided.
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8.7.9 Firetube boilers

Some of the more common firetube boilers are Scotch Marine, Horizontal Return (HRT),
Vertical Firetube, Locomotive and Firebox.

These boilers are used as heating boilers or power boilers. Due to the unique design and
material considerations, firetube boilers are subject to thermal stresses due to cycling, which
may cause tube leakage and corrosion of joints. The following list is common areas of
inspection.

a) waterside

Scale buildup on and around the furnace tube. Scale on or around the firetubes in the first
pass after the furnace (gas temperatures > 980 °C). Scale and corrosion buildup on stay rods
hiding the actual diameter. Corrosion pitting on all pressure boundaries.

b) fireside

As previously mentioned tube to tube sheet joint leakage. Look for rust trails left by weeping
joints. When in doubt where the leakage is coming from, perform a liquid penetrant exam.
Take note of refractory locations protecting steel that is not water-cooled. Condensation of
combustion gas dripping out of the fireside gaskets during a cold boiler start up is expected.
However, if it continues after the water temperature in the boiler is at least 65 °C, then further
investigation to determine the source of water shall be conducted.

8.8 Inservice inspection activities

Any defect or deficiency in the condition, operating, and maintenance practices of a boiler
should be discussed with the owner or user at the time of inspection and, if necessary,
recommendations made for the correction of such defect or deficiency. Follow-up inspections
should be performed as needed to determine if deficiencies have been corrected
satisfactorily.

9 Inspection of pressure vessels
9.1 General

This clause provides guidelines for inservice inspection of pressure vessels used to contain
pressure either internal or external. This pressure may be obtained from an external source or
by the application of heat from a direct or indirect source or a combination thereof.

9.2 General conditions

Pressure vessels are designed for a variety of service conditions. The media that a pressure
vessel contains and the temperature and pressure at which it operates should be considered
in establishing inspection criteria. Usage, materials, and installation conditions should be
considered in determining damage doubt where the leakage is coming from, perform a liquid
penetrant exam. Take note of refractory locations protecting steel that is not water-cooled.

34 © STANDARDS MALAYSIA 2011 - All rights reserved



MS 2404-1:2011

Condensation of combustion gas dripping out of the fireside gaskets during a cold boiler start
up is expected. However, if it continues after the water temperature in the boiler is at least
65 °C, then further investigation to determine the source of water shall be conducted
mechanisms that will affect the mechanical integrity of a pressure vessel as described in
Clause 7. The general requirements for safety, pre-inspection, and post-inspection activities
are specified in Clause 5 and should be followed in conjunction with the specific requirements
outlined in this clause when performing inspections of pressure vessels. There may be
occasions where more detailed procedures will be required.

9.3 Inspection - General requirements
9.3.1 Condition of installation

The type of inspection given to pressure vessels should take into consideration the condition
of the vessel and the environment in which it operates. This inspection may be either external
or internal and use a variety of nondestructive examination methods as described in Clause 6.
The inspection method may be performed when the vessel is operating on-stream or
depressurised, but shall provide the necessary information that the essential sections of the
vessel are of a condition to continue to operate for the expected time interval. On-stream
inspection, including while under pressure, may be used to satisfy inspection requirements
provided the accuracy of the method can be demonstrated.

9.3.2 External inspection

The purpose of an external inspection is to provide information regarding the overall condition
of the pressure vessel. The following should be reviewed:

a) insulation or other coverings

If it is found that external coverings such as insulation and corrosion-resistant linings are in
good condition and there is no reason to suspect any unsafe condition behind them, it is not
necessary to remove them for inspection of the vessel. However, it may be advisable to
remove small portions of the coverings in order to investigate attachments, nozzles and
material conditions.

NOTE. Precautions should be taken when removing insulation while vessel is under pressure.

b) evidence of leakage

Any leakage of gas, vapor, or liquid should be investigated. Leakage coming from behind
insulation coverings, supports or settings, or evidence of past leakage should be thoroughly
investigated by removing any covering necessary until the source of leakage is established.

c) structural attachments

The pressure vessel mountings should be checked for adequate allowance for expansion and
contraction, such as provided by slotted bolt holes or unobstructed saddle mountings.

Attachments of legs, saddles, skirts, or other supports should be examined for distortion or
cracks at welds.
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d)

vessel connections

Manholes, reinforcing plates, nozzles, or other connections should be examined for cracks,
deformation, or other defects. Bolts and nuts should be checked for corrosion or defects.
Weep holes in reinforcing plates should remain open to provide visual evidence of leakage as
well as to prevent pressure buildup between the vessel and the reinforcing plate. Accessible
flange faces should be examined for distortion and to determine the condition of gasket
seating surfaces.

e)

36

miscellaneous conditions

i) abrasives

The surfaces of the vessel should be checked for erosion.

i) dents

Dents in a vessel are deformations caused by their coming in contact with a blunt object
in such a way that the thickness of metal is not materially impaired. Dents can create
stress risers that may lead to cracking.

iii) distortion

If any distortion is suspected or observed, the overall dimensions of the vessel shall be
checked to determine the extent and seriousness of the distortion.

iv) cuts or gouges

Cuts or gouges can cause high stress concentrations and decrease the wall thickness.
Depending upon the extent of the defect, it may be necessary to repair.

v) surface inspection

The surfaces of shells and heads should be examined for possible cracks, blisters,
bulges, and other evidence of deterioration, giving particular attention to the skirt and to
support attachment and knuckle regions of the heads.

vi) weld joints

Welded joints and the adjacent heat affected zones should be examined for cracks or
other defects. Magnetic particle or liquid penetrant examination is a useful means for
doing this.

vii) riveted vessels

On riveted vessels, examine rivet head, butt strap, plate, and caulked edge conditions. If

rivet shank corrosion is suspected, hammer testing for soundness or spot radiography at
an angle to the shank axis may be useful.
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9.3.3 Internal inspection

A general visual inspection in vessels is the first step in making an internal inspection of
pressure vessels that are susceptible to corrosion. Vessels should be inspected for the
conditions identified in Clause 7.

The following should be reviewed:
a) vessel connections

Threaded connections should be inspected to ensure that an adequate number of threads are
engauged. All openings leading to any external fittings or controls should be examined as
thoroughly as possible to ensure they are free from obstructions.

b) vessel closures

Any special closures including those on autoclaves, normally termed quick actuating (quick
opening) closures (see Clause 9.5.6) that are used frequently in the operation of a pressure
vessel, should be checked by the Inspector for adequacy and wear. A check should also be
made for cracks at areas of high stress concentration. Door safety interlock mechanisms,
"man inside" alarm and associated audible and visual alarms should be verified. The man
inside alarm, is a safety cable running the length of the internal workspace that can be pulled
by the operator, thereby shutting down all autoclave functions and initiating audible and visual
alarms.

c) vesselinternals

Where pressure vessels are equipped with removable internals, these internals need not be
completely removed provided assurance exists that deterioration in regions rendered
inaccessible by the internals is not occurring to an extent that might constitute a hazard, or to
an extent beyond that found in more readily accessible parts of the vessel.

If a preliminary inspection reveals unsafe conditions such as loose or corroded internals or
badly corroded internal ladders or platforms, steps should be taken to remove or repair such
parts so that a detailed inspection may be made.

d) corrosion

The type of corrosion (local pitting or uniform), its location and any obvious data should be
established. Data collected for vessels in similar service will aid in locating and analysing
corrosion in the vessel being inspected. The liquid level lines, the bottom, and the shell area
adjacent to and opposite inlet nozzles are often locations of most severe corrosion. Welded
seams and nozzles and areas adjacent to welds are often subjected to accelerated corrosion.

9.3.4 Inspection of parts and appurtenances
Parts and appurtenances to be inspected depend upon the type of vessel and its operating

conditions. The Inspector should be familiar with the operating conditions of the vessel and
with the causes and characteristics of potential defects and deterioration.
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9.3.5 Gauges, safety devices, and controls

9.3.5.1 Gauges

The pressure indicated by the required gauge should be compared with other gauges on the
same system. If the pressure gauge is not mounted on the vessel itself, it shall be installed in
such a manner that it correctly indicates the actual pressure in the vessel. When required, the
accuracy of pressure gauges should be verified by comparing the readings with a standard
test gauge or a dead weight tester.

The location of a pressure gauge should be observed to determine whether it is exposed to
high temperature from an external source or to internal heat due to lack of protection by a
proper siphon or trap. Provisions should be made for blowing out the pipe leading to the
steam gauge.

9.3.5.2 Safety devices

See Clause 11 for the inspection of safety devices (pressure relief valves and non-closing
devices such as rupture disks) used to prevent the overpressure of pressure vessels.

9.3.5.3 Control devices

Any control device attached to a vessel should be demonstrated by operation or the Inspector
should review the procedures and records for verification of proper operation.

Temperature measuring devices shall be checked for accuracy and general condition.

9.4 Records review (See Clause 5)

The Inspector shall review any pressure vessel log, record of maintenance corrosion rate
record, or any other examination results. The Inspector should consult with the owner or user
regarding repairs or alterations made, if any, since the last internal inspection. The Inspector
shall review the records of such repairs or alterations for compliance with applicable
requirements.

A permanent record shall be maintained for each pressure vessel. This record should include
the following:

a) a Manufacturer's Data Report.

b) First Internal Inspection, may be used for this purpose. It shall show the following
identification numbers as applicable:

Manufacturer Serial No.
Equipment Registration No.

c) complete pressure-relieving device information including safety or safety relief valve
spring data or rupture disk data and date of latest inspection.
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d) progressive record including, but not limited to, the following:
i) location and thickness of monitor samples and other critical inspection locations;

i) limiting metal temperature and location on the vessel when this is a factor in
establishing the minimum allowable thickness;

iii) computed required metal thicknesses and maximum allowable working pressure for
the design temperature and pressure-relieving device opening pressure, static head,
and other loadings;

iv) test pressure if tested at the time of inspection;
v) scheduled (approximate) date of next inspection;

vi) date of installation and date of any significant change in service conditions (pressure,
temperature, character of contents, or rate of corrosion); and

vii) drawings showing sufficient details to permit calculation of the service rating of all
components on pressure vessels used in process operations subject to corrosive
conditions. Detailed data with sketches where necessary may serve this purpose
when drawings are not available.

9.5 Inspections for specific types of pressure vessels
9.5.1 General

Inspection and examination requirements identified below should also include the additional
requirements mentioned above.

9.5.2 Deaerators

The deaerator is used to remove undesirable gases in the system and is exposed to the
following: harmful gases, fluctuation in temperature and pressure, erosion, and vibration. The
air and water atmosphere in the deaerator has a corrosive effect and may contain high
concentrations of hydrogen ions, which can cause hydrogen cracking, hydrogen
embrittlement, or corrosion fatigue. The water entering the deaerator sometimes carries acids
or oil that can cause acidic attacks on the metal.

Inspection shall consist of the following:

a) welds

Inspect all longitudinal and circumferential welds, including the Heat Affected Zone (HAZ),
visually along their entire length. Examine nozzle and attachment welds for erosion,
corrosion, or cracking. Inspect with special attention all exposed internal welds at or below the
normal water line.

b) shell

Inspect exterior surfaces for corrosion or leaks. Inspect interior for pitting, corrosion, erosion,
thinning, wastage of metal, cracks, etc.

© STANDARDS MALAYSIA 2011 - All rights reserved 39



MS 2404-1:2011

c) spray nozzles and trays

Inspect all nozzles and spray areas for erosion, wear, wastage, and broken parts or supports.
Check to see that nozzles are not plugged and that all lines to nozzles are open. Inspect all
trays for holes, erosion, wastage, broken or defective brackets, and broken support
attachments.

d) condenser and vents

Examine all vent lines to see that they are open to assure proper exiting of the gases. Inspect
the condenser unit to verify it is operable and not plugged with scale or sludge. Check for
corrosion, pitting, erosion, and broken parts.

e) supports

Inspect all support structures for mechanical damage, cracks, loose bolting, and bent or
warped components. Check all welds, especially attaching supports to the pressure
boundary.

9.5.3 Compressed air vessels

Compressed air vessels include receivers, separators, filters, and coolers. Considerations to
be concerned include temperature variances, pressure limitations, vibration, and
condensation. Drain connections should be verified to be free of any foreign material that may
cause plugging.

Inspection shall consist of the following:
a) welds

Inspect all welds for cracking or gouging, corrosion and erosion. Particular attention should be
given to the welds that attach brackets supporting the compressor. These welds may fail due
to vibration.

b) shells/Heads

Externally, inspect the base material for environmental deterioration and impacts from
objects. Hot spots and bulges are signs of overheating and should be noted and evaluated for
acceptability.

Particular attention should be paid to the lower half of the vessel for corrosion and leakage.
For vessels with manways or inspection openings, an internal inspection shall be performed
for corrosion, erosion, pitting, excessive dirt buildup, and leakage around inspection openings.
UT thickness testing may be used where internal inspection access is limited or to determine
actual thickness when corrosion is suspected.

c) fittings and attachments
Inspect all fittings and attachments for alignment, support, deterioration, damage and leakage

around threaded joints. Any internal attachments such as .supports, brackets, or rings shall
be visually examined for wear, corrosion, erosion and cracks.
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d) operation

Check the nameplate to determine the allowed working pressure and temperature of the
vessel. Assure the set pressure of the safety valve does not exceed that allowed on the
nameplate and determine that the capacity of the safety valve is greater than the capacity of
the compressor. Ensure there is a functioning manual or automatic condensate drain.

e) quick-closure attachments

Filter-type vessels usually have one quick-type closure head for making filter changes.
Carefully examine the seating surfaces for wear, erosion, and corrosion. Visually inspect the
bolts for wear and stretch. Any safety interlocks associated with the closure shall be checked
for function and proper working order.

9.5.4 Expansion tanks

The purpose of an expansion tank is to provide an air cushion to a system that will allow for
expansion and contraction due to temperature, thus minimising fluctuations in pressure due to
temperature variances. These vessels are susceptible to corrosion due to the air and water
interface.

Inspection shall consist of the following:
a) design/operation

Verify from the nameplate the Code of construction, temperature, and pressure ratings to
assure jurisdictional and system compatibility. It is common to find expansion tanks water
logged due to leakage of air out of the tank, therefore it is important to verify the water level
either by sight glass or sounding the tank.

b) surface conditions

Check all surfaces external and internal, if possible, for any leaks, corrosion, erosion, cracks,
and dents that may lead to failure. Thickness checks may be applicable to determine wastage
of base material.

c) supports and attachments

These vessels are usually suspended from the ceiling by hangers or straps causing
concentration of stresses in these areas. Specifically inspect for corrosion, wear, and cracks
in these areas. If the vessel is fitted with a water sight glass, inspect for visual cleanliness,
water leakage and gasket tightness.

9.5.5 Liquid ammonia vessels

Special attention should be placed on these vessels because the media is corrosive.

It is known that vessels in liquid ammonia service are susceptible to stress corrosion cracking
(SCCQC) in areas of high stress. High strength and coarse-grained materials seem to be more at
risk of SCC than are fine-grained or more moderate strength materials, although no

commonly used steels appear to be immune to the problem. Postweld heat treatment of new
or weld-repaired vessels or cold formed heads is beneficial in reducing the incidence of SCC.

© STANDARDS MALAYSIA 2011 - All rights reserved 41



MS 2404-1:2011

The presence of 0.2 % minimum water in the liquid ammonia also inhibits SCC. Any leak
should be thoroughly investigated and the necessary corrective action initiated.

a) inspection of parts and appurtenances

Where existing openings permit, perform a visual internal inspection of the vessel. Look for
any obvious cracks (very advanced SCC) and note areas which are subject to high stress
such as welds, welded repairs, head-to-shell transitions, sharp interior corners, and interior
surfaces opposite external attachments or supports. It is not intended that the vessel provide
for access. It is understood that internal inspections will be made if there is access to the
internal surfaces.

i) if valves or fittings are in place, check to ensure that these are complete and functional.
Parts made of copper, zinc, silver, or alloys of these metals are unsuitable for ammonia
service and should be replaced with parts of steel or other suitable materials.

i) fittings should be removed or otherwise protected from power buffing or light sandblasting
when preparing the interior surface of the vessels for inspection.

ii) all interior welds and highly stressed areas should be examined by the wet fluorescent
magnetic particle-testing method (WFMT) using an A/C yoke for magnetisation. Note that
weld cracks are often transverse in orientation. It is extremely important to ensure that the
NDE method used will disclose cracks in any orientation.

iv) if cracks are discovered, a calculation must be made to determine what depth of grinding
may be carried out for crack removal (without encroaching on the minimum thickness
required by the construction standard or equivalent).

v) where possible, crack removal by grinding is the preferred method of repair. Since the
stresses at the crack tips are quite high, even very fine cracking should be eliminated.

vi) where crack depth is such that removal requires weld repair, a weld procedure should be
employed that will minimise HAZ hardening and residual stresses. Whenever possible,
weld repairs regardless of their size should be post-weld heat treated.

vii) re-inspect by WFMT to ensure complete crack removal.

viii) it is not intended to inhibit or limit the use of other evaluation methods. It is recognised
that acoustic emission and fracture mechanics are acceptable techniques for assessing
structural integrity of vessels. Analysis by fracture mechanics may be used to assess the
structural integrity of vessels when complete removal of all ammonia stress cracks is not
practical. If alternative methods are used, the above recommendation that all cracks be
removed, even fine cracks may not apply.

b) gauges and pressure-relieving devices
The Inspector should note the pressure indicated by the gauge and compare it with other
gauges on the same system. If the pressure gauge is not mounted on the vessel itself, it

should be ascertained that the gauge is on the system and installed in such a manner that it
correctly indicates actual pressure in the vessel.
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See Clause 11 for the inspection of safety devices (pressure relief valves) used to prevent the
overpressure of liquid ammonia vessels. Pressure-relief devices in ammonia service cannot
be tested in place using system pressure. Bench testing is required.

9.5.6 Inspection of pressure vessels with quick actuating closures

This clause describes guidelines for inspection of pressure vessels equipped with quick-
actuating closures. Due to the many different designs of quick-actuating closures, potential
failures of components that are not specifically covered should be considered. The scope of
inspection should include areas affected by abuse or lack of maintenance and a check for
inoperable or bypassed safety and warning devices.

Temperatures above that for which the quick actuating closure was designed can have an
adverse effect on the safe operation of the device. If parts are found damaged and excessive
temperatures are suspected as the cause, the operating temperatures may have exceeded
those temperatures recommended by the manufacturer. Rapid fluctuations in temperatures
due to rapid start-up and shutdown may lead to cracks or yielding caused by excessive
warping and high thermal stress.

A careful observation should be made of the condition of the complete installation, including
maintenance and operation, as a guide in forming an opinion of the care the equipment
receives. The history of the vessel should be established, including: year built, materials of
construction, extent of postweld heat treatment, previous inspection results, and repairs or
alterations performed. Any leak should be thoroughly investigated and the necessary
corrective action initiated.

9.5.6.1 Inspection of parts and appurtenances

a) Seating surfaces of the closure device, including but not limited to the gaskets, o-rings, or
any mechanical appurtenance to ensure proper alignment of the closure to the seating
surface, should be inspected. This inspection can be made by using powdered chalk or
any substance that will indicate that the closure is properly striking the seating surface of
the vessel flange. If this method is used, a check should be made to ensure that:

i) material used will not contaminate the gasket or material with which it comes into
contact; and

i) the substance used should be completely removed after the examination.

b) The closure mechanism of the device should be inspected for freedom of movement and
proper contact with the locking elements. This inspection should indicate that the
movable portions of the locking mechanism are striking the locking element in such a
manner that full stroke can be obtained. Inspection should be made to ensure that the
seating surface of the locking mechanism is free of metal burrs and deep scars, which
would indicate misalignment or improper operation. A check should be made for proper
alignment of the door hinge mechanisms to ensure that adjustment screws and locking
nuts are properly secured. When deficiencies are noted, the following corrective actions
should be initiated:

i) if any deterioration of the gasket, o-ring, etc., is found, the gasket, o-ring, etc., should

be replaced immediately. Replacements should be in accordance with the vessel
manufacturer's specifications.
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ii) if any cracking or excessive wear is discovered on the closing mechanism, the owner
or user should contact the original manufacturer of the device for spare parts or repair
information. If this cannot be accomplished, the owner or user should contact an
organisation competent in quick-actuating closure design and construction prior to
implementing any repairs.

iii) defective safety or warning devices should be repaired or replaced prior to further
operation of the vessel.

iv) deflections, wear, or warping of the sealing surfaces may cause out-of roundness and
misalignment. The manufacturer of the closure should be contacted for acceptable
tolerances for out-of-roundness and deflection.

The operation of the closure device through its normal operating cycle should be observed
while under control of the operator. This should indicate if the operator is following posted
procedures and if the operating procedures for the vessel are adequate.

9.5.6.2 Gauges, safety devices and controls

a)

b)

c)

d)

e)

44

The required pressure gauge should be installed so that it is visible from the operating
area located in such a way that the operator can accurately determine the pressure in the
vessel while it is in operation. The gauge dial size should be of such a diameter that it can
be easily read by the operator. This gauge should have a pressure range of at least 1-1/2
times, but not more than two times, the design pressure of the vessel. There should be no
intervening valve between the vessel and gauge.

The pressure gauge should be of a type that will give accurate readings, especially when
there is a rapid change in pressure. It should be of rugged construction and capable of
withstanding severe service conditions. Where necessary, the gauge should be protected
by a siphon or trap.

Pressure gauges intended to measure the operating pressure in the vessel are not
usually sensitive or easily read at low pressures approaching atmospheric. It may be
advisable to install an auxiliary gauge which reads inches of water (mm of mercury) and is
intended to measure pressure from atmospheric through low pressures. This gives
assurance that there is zero pressure in the vessel before opening. It would be necessary
to protect the auxiliary low pressure gauge from the higher operating pressures.

Provisions should be made to calibrate pressure gauges or to have them checked against
a master gauge as frequently as necessary.

A check should be made to ensure that the closure and its holding elements must be fully
engaged in their intended operating position before pressure can be applied to the vessel.
A device should be provided that prevents the opening mechanism from operating unless
the vessel is completely depressurised.
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f)  Quick-actuating closures held in position by manually operated locking devices or
mechanisms, and which are subject to leakage of the vessel contents prior to
disengagement of the locking elements and release of the closure, shall be provided with
an audible and/ or visible warning device to warn the operator if pressure is applied to the
vessel before the closure and its holding elements are fully engaged and to warn the
operator if an attempt is made to operate the locking device before the pressure within
the vessel is released. Pressure tending to force the closure clear of the vessel must be
released before the closure can be opened for access.

9.6 Nondestructive examination (NDE)

NDE may be employed to assess the condition of the pressure vessel as described in Clause
6. These examination methods should be performed by experienced and qualified individuals
using procedures acceptable to the Jurisdiction. Generally, some form of surface preparation
will be required prior to the use of these examination methods: magnetic particle, liquid
penetrant, ultrasonic, radiography, eddy current, visual, metallographic examination, and
acoustic emission. When there is doubt as to the extent of a defect or detrimental condition
found in a pressure vessel, the Inspector may require additional NDE.

9.7 Remaining life and inspection intervals

New pressure vessels are placed in service to operate under their design conditions for a
period of time determined by the service conditions and the corrosion rate. If the pressure
vessel is to remain in operation, the allowable conditions of service and the length of time
before the next inspection shall be based on the conditions of the vessel as determined by the
inspection. See Clause 12 for determining remaining life and inspection intervals.

9.8 Inservice inspection activities

Any defect or deficiency in the condition, operating, and maintenance practices of the
pressure vessel should be discussed with the owner or user at the time of inspection and, if
necessary, recommendations made for the correction of such defect or deficiency. Follow-up
inspections should be performed as needed to determine if deficiencies have been corrected
satisfactorily.

10 Inspection of piping systems
10.1 General

This clause provides guidelines for internal and external inspection of piping and piping
systems.

10.2 General conditions

Piping systems are designed for a variety of service conditions. The media that a piping
system contains, the temperature at which it operates, and the piping corrosion history should
be considered in establishing piping inspection criteria. Particular attention should be given to
piping systems that are subject to corrosion, high temperatures, and hazardous fluid or
gasses. Piping operating beyond design temperature limits can cause sufficient deterioration
of piping material properties due to graphitisation, embrittlement, and creep to render the
piping system unfit for continued service (Clause 7).
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Any externally or internally corroded piping should be evaluated for integrity and repaired or
replaced as necessary.

Requirements specified for inspection activities and safety are identified in Clause 5 and
should be reviewed and followed as applicable.

10.3 Assessment of piping design

All pipe material and fittings should be properly rated for the maximum service conditions to

which they are subjected under normal operating conditions. The design corrosion allowance

of the piping system should be considered when reviewing the current piping thickness data.

If a piping system has a previous history of ultrasonic wall thickness measurements, the

Inspector should review this data and request additional wall thickness measurements if

warranted.

10.4 Inspection

10.4.1 External inspection of piping

Piping should be externally inspected for the following:

a) evidence of leakage (see 10.4.3);

b) provision for expansion and adequate support (see 10.4.4);

c) proper alignment of piping joints and bolted connections. Check for missing bolts or studs,
nuts, and improper or inadequate bolted connection thread engagement. Also check
visible gasket and gasket alignment condition. Threaded connections should also be
inspected for inadequate or excessive thread engagement;

d) past or present evidence of excessive vibration or cyclic activity such as loose or missing
piping supports or piping insulation. If such activity is present, piping and piping joints
should be inspected for potential fatigue cracking;

e) evidence of general corrosion, excessive external pitting, corrosion scale buildup,
exfoliation, erosion, cuts, dents, distortion, or other detrimental conditions such as pipe
sweating, water hammer damage, or hot spots. Ultrasonic thickness measurements
should be taken in suspect areas to ensure adequate remaining piping wall thickness;

f) evidence of corrosion under piping insulation (CUI) or other weather related damage to
piping coatings;

g) evidence of freeze damage such as bulging, striations, or surface fissures; and

h) dead leg or stagnant piping internal corrosion issues. Ultrasonic thickness measurements
should be taken in suspect locations. Radiography is also useful to assess internal
deposits and subsequent corrosion in no flow piping locations.

10.4.2 Internal inspection of piping

Where the internal surfaces of piping, valves, and gasket surfaces are accessible to visual
examination, internal inspection should include an examination of all available surfaces.
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Nondestructive examination for internal corrosion may be used to supplement the inspection.
Boroscope or camera inspections are also useful to augment piping internal inspections.

a) Internal pipe surfaces should be cleaned before inspection, if necessary.

b) The internal surfaces of piping, piping welds, and connections, fittings, valves, and gasket
surfaces should be inspected for localised corrosion, pitting, erosion, blistering, cracking,
and impingement damage.

10.4.3 Evidence of leakage

A leak should be thoroughly investigated and corrective action initiated. Leaks beneath piping
insulation should be approached with caution, especially when removing insulation from a
pressurised piping system for inspection.

A pressure test may be required to obtain additional information regarding the extent of a
defect or detrimental condition.

To determine tightness, the test pressure need be no greater than the normal operating
pressure. The metal temperature should be not less than 20 °C and the maximum
temperature during inspection should not exceed 50 °C. The potential corrosive effect of the
test fluid on the piping material should be considered.

10.4.4 Provisions for expansion and support

Visual inspection should include a check for evidence of improper piping support or support
design. Piping supports should not be bottomed out or fully extended: Piping supports should
keep piping in alignment and prevent piping from colliding with other piping or stationary
objects. The alignment of connections between anchored equipment should be observed to
determine if any change in position of the equipment due to settling, excessive cyclic activity,
steady state stresses beyond design allowances, or other causes has placed an undue strain
on the piping or its connections. Inadequate support or the lack of provision for expansion
may cause broken attachment welds, cracks, or leakage at fittings. Missing, damaged, or
loose insulation materials may be an indication of vibration or pipe movements resulting from
improper support.

Piping support locations should be closely inspected at the support points for external and
crevice corrosion concerns.

10.4.5 Gauges, safety devices, controls

10.4.5.1 Gauges

Piping system pressure gauges should be removed for testing unless there is other
information to assess their accuracy. Faulty pressure gauges should be recalibrated or
replaced as necessary.

10.4.5.2 Safety devices

See Clause 11 for information on the inspection of pressure-relieving devices used to prevent
the over pressure of piping systems.
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10.4.5.3 Controls

Piping connections utilising a quick-disconnect coupling should be checked to ensure that the
coupling and its holding elements are fully engaged in their intended operating position.
Means should be provided that warn the operator against disengaging the coupling or prevent
the opening mechanism from operating unless the piping is completely depressurised.

10.5 Inservice inspection activities

Any defect or deficiency in the condition, operating, and maintenance practices of a piping
system should be discussed with the owner or user at the time of inspection and, if
necessary, recommendations made for the correction of such defect or deficiency. Follow-up

inspections should be performed as needed to determine if deficiencies have been corrected
satisfactorily.

11 Inspection of pressure relief devices

11.1 General

The most important appurtenances on any pressurised system are the pressure relief devices
provided for overpressure protection of that system. These are devices such as safety valves,
safety relief valves, pilot valves, and rupture disks or other non-reducing devices that are
called upon to operate and reduce an over pressure condition.

These devices are not designed or intended to control the pressure in the system during
normal operation. Instead, they are intended to function when normal operating controls fail or
abnormal system conditions are encountered.

Periodic inspection and maintenance of these important safety devices is critical to ensure
their continued functioning and to provide assurance that they will be available when called
upon to operate.

Inspection areas of concern include:

a) safety considerations;

b) device data;

c) condition of the device;

d) condition of the installation; and

e) testing and operational inspection.

11.2 Safety considerations

Inspectors are cautioned that the operation of these safety devices involve the discharge of
high pressure and/or high temperature fluids. Extreme caution (e.g. proper barricades and
personal protective equipment) should be used when working around these devices due to

hazards to personnel. Suitable hearing protection should be provided during testing because
extremely high noise levels, which may be encountered, can damage hearing.
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11.3 Device data

Nameplate marking or stamping of the device should be compared to stamping on the
protected pressure-retaining item. For a single device, the set pressure shall be no higher
than the authorised safe working pressure (ASWP) stated on the DOSH certificate of fitness.
If multiple devices are provided, the difference between set pressures shall not exceed that
permitted by the original code of construction. The set pressure of additional devices may
exceed the maximum allowable working pressure (MAWP), as permitted by the original code
of construction.

Verify nameplate capacity and, if possible, compare to system capacity and ASWP
requirements.

Check identification on seals and ensure they match nameplates or other identification (repair
or reset nameplate) on the valve or device.

11.3.1 Device condition

Check for evidence that the valve or device is leaking or not sealing properly.

Seals for adjustments should be intact and show no evidence of tampering.

Connecting bolting should be tight and all bolts intact.

The valve should be examined for deposits or material buildup.

Evidence of rust or corrosion should be checked.

Check for damaged or misapplied parts.

If a drain hole is visible, ensure it is not clogged with debris or deposits.

Check for test gags left in place after pressure testing of the unit.

Bellows valves shall be checked to ensure the bonnet vent is open or piped to a safe location.
The vent shall not be plugged since this will cause the valve set pressure to be high if the
bellows develops a leak. Leakage noted from the vent indicates the bellows is damaged and
will no longer protect the valve from the effects of back pressure.

11.4 Installation condition

Inspect inlet piping and ensure it meets the requirements of the original code of construction.
For pressure relief valves, check that the inlet pipe size is not smaller than the device inlet

size.

Inspect discharge piping and ensure it meets the original code of construction. Check that the
discharge pipe size is not smaller than the device outlet size.

Check that the valve drain piping is open.

Check drainage of discharge piping.

© STANDARDS MALAYSIA 2011 - All rights reserved 49



MS 2404-1:2011

Check that inlet and discharge piping are not binding or placing excessive stress on the valve
body which can lead to distortion of the valve body and leakage or malfunction.

Check the condition and adequacy of piping supports. Discharge piping should be supported
independent of the device itself.

Check for possible hazards to personnel from the valve discharge or discharge pipe.
11.5 Testing and operational inspection

Pressure relief valves must be periodically tested to ensure that they are free to operate and
will operate in accordance with the requirements of the original code of construction. Testing
should include device set or opening pressure, reclosing pressure where applicable, and seat
leakage evaluation. Tolerances specified for these operating requirements in the original code
of construction shall be used to determine the acceptability of test results.

Testing may be accomplished by the owner on the unit where the valve is installed or at a
qualified test facility. It is recommended that a written procedure be available to conduct this
testing.

a) The Inspector should assure that calibrated equipment has been used to perform this test
and the results should be documented by the owner.

b) If the testing was performed at a test facility the record of this test should be reviewed to
ensure the valve meets the requirements of the original code of construction. Valves
which have been in toxic, flammable or other hazardous services shall be carefully
decontaminated before being tested. In particular, the closed bonnet of valves in these
services may contain fluids that are not easily removed or neutralized. If a test cannot be
safely performed, the valve shall be disassembled, cleaned and decontaminated,
repaired, and reset.

If a valve has been removed for testing, the inlet and outlet connections should be checked
for blockage by product buildup or corrosion.

Valves may be tested using lift assist devices when testing at full pressure may cause
damage to the valve being tested, or it is impractical to test at full pressure due to system
design considerations. Lift assist devices apply an auxiliary load to the valve spindle or stem,
and using the measured inlet pressure, applied load and other valve data allow the set
pressure to be calculated. It should be noted that false set pressure readings may be
obtained for valves which are leaking excessively or otherwise damaged.

If valves are not tested on the system using the system fluid, the following test mediums shall
be used:

a) high pressure boiler safety valves, high temperature hot water boiler safety relief valves,
low pressure steam heating boilers: steam;

b) hot water heating boiler safety relief valves: steam, air, or water;
c) hot water heater temperature and pressure relief valves: air or water;

d) air and gas service process safety relief valves: air, nitrogen, or other suitable gas;
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e) liquid service process pressure relief valves: water or other suitable fluid; and

f) process steam service safety relief valves: steam or air with manufacturer's steam to air
correction factor.

NOTE. Valves being tested after a repair must be tested on steam except when allowed by the pressure relief valve
design code, e.g. ASME Section VIII.

Prior to a pressure test, the valve may be checked by the owner for freedom of operation by
activating the test lever (manual check). For high pressure boiler and process valves this test
should be performed only at a pressure greater than 75 % of the stamped set pressure of the
valve or the lifting device may be damaged. All manual checks should be performed with
some pressure under the valve in order to flush out debris from the seat which could cause
leakage.

NOTE. The manual check at 75 % or higher is based on lift lever design requirements for ASME Section | and VIII
valves. Code design requirements for lifting levers for Section IV valves require that the valve be capable of being
lifted without pressure.

If a valve is found to be stuck closed, the system should immediately be taken out of service
until the condition can be corrected, unless special provisions have been made to operate on
a temporary basis (such as additional relief capacity provided by another valve).

Systems with multiple valves will require the lower set valves to be held closed to permit the
higher set valves to be tested. A test clamp or "gag" should be used for this purpose. The
spring compression screw shall not be tightened. It is recommended that the test clamps be
applied in accordance with the valve manufacturer's instructions when the valve is at or near
the test temperature, and be applied hand tight only to avoid damage to the valve stem or
spindle.

Upon completion of set pressure testing, all pressure relief valves gags shall be removed.
11.5.1 Recommended inspection and test frequencies
a) Power boilers
i) Pressure less than 3 MPa:
Manual check every 6 months; Pressure test every 15 months to verify nameplate set
pressure or as instructed by DOSH.
i) Pressure greater than 3 MPa:
Pressure test every 15 months to verify nameplate set pressure or as instructed by
DOSH.
b) High temperature hot water boilers
Annual pressure test shall be conducted to verify the nameplate set pressure. For safety
reasons, removal and testing on a steam test bench can be conducted with the permission

from DOSH. Such testing will avoid damaging the safety valve by discharge of a steam water
mixture, which could occur if the valve is tested in place.
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c) Low pressure steam heating boilers

Manual check quarterly; pressure test every 15 months to verify nameplate set pressure or as
instructed by DOSH.

d) Hot water heating boilers

Manual check quarterly; pressure test every 15 months to verify nameplate set pressure or as
instructed by DOSH.

NOTE. The frequencies specified for the testing of pressure relief valves on boilers is primarily based on differences
between high pressure boilers that are continuously manned and lower pressure automatically controlled boilers that
are not monitored by a boiler operator at all times. When any boiler experiences an over-pressure condition such that
the safety or safety relief valves actuate, the valves should be inspected for seat leakage and other damage as soon
as possible and any deficiencies corrected.

e) Water heaters

Manual check every 2 months. Due to the relatively low cost of safety valves for this service, it
is recommended that a defective valve be replaced with a new valve if a repair or resetting is
indicated.

f)  Pressure vessels and piping

Frequency of test and inspection of pressure relief devices for pressure vessel and piping
service is greatly dependent on the nature of the contents and operation of the system and
only general recommendations can be given. Inspection frequency should be based on
original equipment manufacturer's recommendation. If valves are found to be defective or
damaged by system contents during inspection, intervals should be shortened until
acceptable inspection results are obtained. The following inspection and test frequencies are
suggested as an alternative guideline if original equipment manufacturer's recommendation
not available.

Table 1. Recommended inspection and test frequencies

Service Inspection frequency
Steam Annual
Air and clean dry gasses Every 3 years
Pressure relief valves in combination with rupture

. Every 5 years
disks
Propane, Refrigerant Every 5 years

g) Establishment of service intervals

The intervals in Table 1 are guidelines for periodic inspection and testing. Typically if there
are no adverse findings a pressure relief valve would be placed back in service until the next
inspection. Any unacceptable conditions that are found by the inspection shall be corrected
immediately by repair or replacement of the device. Many users will maintain spare pressure
relief devices so the process or system is not affected by excessive downtime.
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Pressure relief valves are mechanical devices that require periodic preventive maintenance
even though external inspection and test results indicate acceptable performance. There may
be wear on internal parts, galling between sliding surfaces or internal corrosion, and fouling
which will not be evident from an external inspection or test.

Periodic re-establishment of seating surfaces and the replacement of soft goods such as O-
rings and diaphragms are also well advised preventative maintenance activities which can
prevent future problems. If the valve is serviced, a complete disassembly, internal inspection
and repair as necessary, such that the valves condition and performance are restored to a
like new condition.

Service records with test results and findings should be maintained for all over pressure
protection devices. A service interval of no more than three inspection intervals or ten years,
whichever is less, is recommended to maintain device condition. Results of the internal
inspection and maintenance findings can then be used to establish future service intervals.
11.6 Additional inspection information

The following additional items should be considered for the specified services.

11.6.1 Boilers

If boilers are piped together, the maximum allowable working pressures shall be of the lower
boiler pressure.

11.6.1.1 Hot-water heating boilers and water heaters

These units generally do not use any water treatment and therefore may be more prone to
problems with deposits forming which may impair a safety device's operation. Particular
attention should be paid to signs of leakage through valves or buildups of deposits.

Hot-water boilers tend to have buildups of corrosion products since the system is closed with
little makeup. These products can foul or block the valve inlet.

Water heaters will have cleaner water due to continuous makeup. However, these valves
usually have a thermal element which will cause the valve to open slightly when the water is
heated and not removed from the system. When this hot water evaporates in the discharge
piping, calcium deposits may tend to form in the valve inlet and outlet.

11.6.2 Pressure vessels and piping

Standard practice for overpressure protection devices is to not permit any type of isolation
valve either before or after the device.

11.6.3 Rupture disks

Rupture disks or other non-reclosing devices may be used as sole relieving devices or in
combination with safety relief valves to protect pressure vessels.

The selection of the correct rupture disk device for the intended service is critical to obtaining
acceptable disk performance. Different disk designs are intended for constant pressure,
varying pressure or pulsating pressure. Some designs include features that make them
suitable for back pressure and/or internal vacuum in the pressure vessel.
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The margin between the operating pressure and the burst pressure is an important factor in
obtaining acceptable performance and service life of the disk. Flat and pre-bulged solid metal
disks are typically used with an operating pressure which is no more than 60 % to 70 % of the
burst pressure.

Other designs are available that increase the operating pressure to as much as 90 % of the
burst pressure. Disks which have been exposed to pressures above the normal operating
pressure for which they are designed are subject to fatigue or creep and may fail at
unexpectedly low pressures. Disks used in cyclic service are also subject to fatigue and may
require a greater operating margin or selection of a device suitable for such service.

The disk material is also critical to obtaining acceptable service life from the disk. Disks are
available in a variety of materials and coatings and materials which are unaffected by the
process fluid should be used. Disks that experience corrosion may fail and open at an
unexpectedly low pressure.

Disk designs must also be properly selected for the fluid state. Some disk types are not
suitable for use in liquid service. Some disks may have a different flow resistance when used
in liquid service which may affect the sizing of the disk.

Information from the rupture disk manufacturer, including catalog data and installation
instructions, should be consulted when selecting a disk for a particular service.

For rupture disks and other non-reclosing devices, the following additional items should be
considered during inspections:

a) the rupture disk nameplate information, including stamped burst pressure and coincident
temperature, should be checked to ensure it is compatible with the intended service. The
coincident temperature on the rupture disk shall be the expected temperature of the disk
when the disk is expected to burst and will usually be related to the process temperature,
not the temperature on the pressure vessel nameplate.

b) markings indicating direction of flow should be carefully checked to ensure they are
correct. Some rupture disks when installed in the incorrect position may burst well above
the stamped pressure.

c) the marked burst pressure for a rupture disk installed at the inlet of a safety relief valve
shall be equal to or less than the safety relief valve set pressure. A marked burst pressure
of 90 % to 100 % of the safety relief valve set pressure is recommended. A disk with a
non-fragmenting design which cannot affect the safety relief valve shall be used.

NOTE. If the safety relief valve set pressure is less than the vessel ASWP, the marked burst pressure may be
higher than the valve set pressure, but no higher than the ASWP.

d) check that the space between a rupture disk and a safety relief valve is supplied with a
pressure gauge, try cock or telltale indicator to indicate signs of leakage through the
rupture disk. The safety relief valve shall be inspected and the leaking disks shall be
replaced if leakage through the disk is observed.
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e) the frequency of inspection for rupture disks and other non-reclosing devices is greatly
dependent on the nature of the contents and operation of the system and only general
recommendations can be given. Inspection frequency should be based on previous
inspection history. If devices have been found to be leaking, defective or damaged by
system contents during inspection, intervals should be shortened until acceptable
inspection results are obtained. With this in mind, the inspection frequency guidelines
specified in Table 1 are suggested for similar services.

Rupture disks are often used to isolate pressure relief valves from services where fouling
or plugging of the valve inlet occurs. This tendency should be considered in establishing
the inspection frequency.

Since these devices are for one time use, a visual inspection is the only inspection that
can be performed. Rupture disks which are installed using a specified bolting torque
procedure cannot be re-used after inspection and must be replaced.

It is recommended that all disks shall be replaced once every two years, unless an
exemption is given by the regulator (DOSH), to prevent unintended failure while in service
due to deterioration of the device.

11.7 Requirements for shipping and transporting

The improper shipment and transport of pressure relief devices can have detrimental effects
on device operation. Pressure relief devices should be treated with the same precautions as
instrumentation, with care taken to avoid rough handling or contamination prior to installation.

The following practices are recommended:

a) flanged valves should be securely bolted to pallets in the vertical position to avoid side
loads on guiding surfaces;

b) threaded valves should be securely packaged and cushioned during transport;

c) valve inlet and outlet connection, drain connections, and bonnet vents should be
protected during shipment and storage to avoid internal contamination of the valve.
Ensure all covers and/or plugs are removed prior to installation;

d) lifting levers should be wired or secured so they cannot be moved while the valve is being
shipped or stored. These wires shall be removed before the valve is placed in service;
and

e) rupture disks should be carefully checked for damage prior to installation and handled by
the disk edges, if possible. Any damage to the surface of the disk can affect the burst
pressure.

11.8 Inservice inspection activities

Any defect or deficiency in the condition, operating, and maintenance practices for pressure
relief devices should be discussed with the owner or user at the time of inspection and, if
necessary, recommendations made for the correction of such defect or deficiency. Follow-up
inspections should be performed as needed to determine if deficiencies have been corrected
satisfactorily.
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12 Methods to assess damage mechanisms and inspection frequency
for pressure retaining items

12.1 General

This clause provides guidelines and alternative methods to assess materials and pressure-
retaining items subject to degradation or containing flaws identified during inservice
inspections/examinations. New pressure-retaining items are placed in service to operate
within their intended design parameters for a period of time determined by service conditions,
which can include exposure to corrosion, exposure to elevated temperature (creep), or other
forms of damage.

If the pressure-retaining item is to remain safe in operation, the service conditions and the
length of time before the next inspection must be identified. There are various methods that
can be used to assess the condition of a pressure-retaining item to establish remaining
service life and to ultimately determine the inspection interval. In some cases, a visual
inspection of the pressure-retaining item will suffice. However, more comprehensive condition
assessment methods may be required, including an engineering evaluation performed by a
competent technical source (see 12.2).

Various assessment methods (see 4.4 and bibliography) including those mentioned in this
clause (an example of guidelines for performing fitness for service assessments are
referenced in APl 579) that can be used to establish the next inspection interval of a
pressure-retaining item and to assure safe operation. Condition assessment methods shall be
subject to review and approval by the Jurisdiction.

12.2 General requirements

Organisations or qualified individuals with experience in inspection, design, construction,
repairs, or failure analysis of pressure retaining items should be consulted to assist in
identifying damage mechanisms, and to evaluate condition assessment results of pressure-
retaining items. Documentation and inspection data used for fitness for service assessment
should be evaluated for compliance, with codes, industry standards/experience or good
engineering practices, and shall be acceptable to the Jurisdiction. Understanding the
operation of equipment or systems and interaction with their internal or external service
environment is necessary to correctly identify damage mechanisms.

There are various condition assessment and fitness for service methods that can be used to
determine inspection intervals, based on calculating the remaining service life of the pressure-
retaining item: For items subject to corrosion or erosion, the method to determine or adjust
inspection intervals is identified in 12.6. Methods for assessing other types of inservice
damage that affect remaining service life of pressure-retaining items are identified in 12.7.

12.2.1 Responsibilities
a) Owner-user
The owner-user of the pressure-retaining item is responsible for the selection and application

of a suitable fitness for service or condition assessment methodology described in this clause,
subject to review and approval by the Jurisdiction if required.
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b) Inspector

The Inspector shall review the condition assessment methodology and assure inspection data
and documentation are in accordance with Clause 12.

12.3 Remaining service life assessment methodology
An evaluation of inservice damage using one or more condition assessment methods is not
intended to provide a precise determination of the actual time to failure for a pressure-
retaining item. Instead, the extent of inservice damage should be estimated based on the
quality of available information, established engineering assessment guidelines or
methodology and appropriate assumptions used for safety, operation and inspection.
If inspection and engineering assessment results indicate that a pressure-retaining item is
safe for continued operation, future monitoring and inspection intervals should be determined
and submitted to the Jurisdiction for review and approval. If an engineering assessment
indicates that a pressure-retaining item is not suitable for service under current operating
conditions, new operating conditions could be established (i.e. derate), or the item could be
repaired subject to revised inspection intervals, or the item could be replaced.
Determination of the extent of inservice damage life requires the following:
a) understanding applicable damage and failure mechanisms;
b) developing inspection plans that can monitor the extent of inservice damage;
c) performing an assessment of the damage including estimation of remaining life;
d) considerations needed to minimise risk of failure; and
e) determination of root cause.
12.4 Datarequirements for remaining service life assessments
Evaluating the extent of inservice damage to a pressure-retaining item requires an
understanding of known and potential damage mechanisms. Information that can be used to
evaluate service life can be divided into three categories: inspection history, operating, and
maintenance history, and equipment information. Examples of types of data are listed below:
a) inspection History

i) summary/records of repairs/alterations.

ii) test Records including pressure tests.

iii) results of prior in service examinations (NDE methods, thickness measurements, and
corrosion rate).

iv) physical measurements or inspections.
b) operating History/Conditions

i) operating logs to include pressure, temperature, startups/shutdowns, cycles.
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i)
ii)

iv)

v)

Vi)

vii)

consult with operating personnel to determine operating history.

date of installation.

identify internal and external environmental conditions to include pressure,
temperature, age, design, chemical and mechanical environment, loadings,

processes, etc.

list damage mechanisms identified in the past and that may be preset based on
materials, contaminants, and operating conditions.

identify the damage mechanisms presently active or which may become active.

ildentify the failure modes associated with the identified damage mechanisms, i.e.
leaks, cracks, bursts.

c) equipment Information

)

1241

manufacturer's Data Reports.

material Test Reports.

drawings.

original design calculations/specifications.

Identification of damage mechanism

There are a variety of damage mechanisms that may affect the remaining service life of a
pressure-retaining item. Damage mechanisms will cause either micro or macro changes to
the material affecting its conditions or properties. Damage mechanisms may be difficult to
assess, therefore, detailed methods of evaluation for each damage mechanism should be
performed in accordance with established industry practices or either acceptable standards
should be followed (see 4.4). These results should be evaluated and the inspection interval
reviewed for possible adjustment. Various failure modes are described in Clause 7.

Common forms of damage and damage mechanisms that affect remaining service life
evaluations are listed below:

bulging;

- sagging;

- stress corrosion cracking;

- corrosion (local or general);

- creep;

- thermal or mechanical fatigue;
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- hydrogen damage;
- metallurgical changes; and

- erosion.

Damage may also be caused by mechanical forces such as thermal shock, cyclic temperature
changes, vibration, pressure surges, excessive temperature, external loading, material and
fabrication defects.

12.5 Determining inspection intervals

The maximum period between internal inspections or a complete inservice evaluation of
pressure-retaining items shall not exceed one-half of the estimated remaining service life of
the vessel or ten years, whichever is less. The method for estimating corrosion rates of
pressure-retaining items subject to internal erosion or corrosion is discussed in 12.6.

Data used in engineering assessment methods to develop revised inspection intervals for
pressure-retaining items shall be re-evaluated every ten years, when a change in operation
occurs, or after discovery of new and/or altered damage mechanisms.

12.6 Method for estimating inspection intervals for pressure-retaining items subject to
erosion or corrosion

Assessment guidelines for pressure-retaining items subject to corrosion or erosion are
provided in this clause. These guidelines are based on actual thickness measurements within
the area of concern. Minimum required wall thickness shall be based on allowable stress of
the material. Applicability and limitations of this guideline are as follows:

a) original design criteria is known;

b) item is not operating in the creep range;

c) item does not contain crack-like indications;

d) service stresses are known; and

e) maintenance and operating history are known.

12.6.1 Method for estimating inspection intervals for exposure to corrosion

When the pressure-retaining item is exposed to service temperatures below the creep range,
and the corrosion rate controls the remaining wall thickness of the pressure-retaining item, the
inspection interval shall be calculated by the formula below or by other industry acceptable

methods.

Remaining life _ t(actual) -{(required)
(years) " corrosion rate

Corrosion rate = mm per year of metal removal as a result of corrosion.
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tactual) = thickness in mm measured at the time of inspection for the limiting section
used in the determination of tjequired)-
trequired) minimum allowable thickness in mm for the limiting section of the pressure-

retaining item or zone. It shall be the greater of the following:

e The calculated thickness, exclusive of the corrosion allowance, required for
the pressure relieving device set pressure, static head, or other loading and
design temperature; or

e The minimum thickness permitted by the provision of the applicable section
of the original code of construction.

a) Any suitable nondestructive examination method may be used to obtain thickness
measurements provided the instruments employed are calibrated in accordance with the
manufacturer's specification or an acceptable national standard.

i) If suitably located existing openings are available; measurements may be taken
through the openings.

i)  When it is impossible to determine thickness by nondestructive means, a hole may
be drilled through the metal wall and thickness gauge measurements taken.

b) For new pressure-retaining items or PRI's for which service conditions are being
changed, one of the following methods shall be employed to determine the probable rate
of corrosion from which the remaining wall thickness, at the time of the next inspection,
can be estimated:

i) the corrosion rate as established by data for pressure-retaining items in the same or
similar service; and

ii) if the probable corrosion rate cannot be determined by the above method, on stream
thickness determinations shall be made after approximately 1 000 hours of service.
Subsequent sets of thickness measurements shall be taken after additional similar
intervals until the corrosion rate is established.

c) Corrosion resistant lining

When part or all of the pressure-retaining item has a corrosion resistant lining, the interval
between inspections of those sections so protected may be based on recorded experience
with the same type of lining in similar service, but shall not exceed ten years, unless sufficient
data has been provided to establish an alternative inspection interval as described in Clause
12.5. If there is no experience on which to base the interval between inspections,
performance of the liner shall be monitored by a suitable means, such as the use of
removable corrosion probes of the same material as the lining, ultrasonic examination, or
radiography. To check the effectiveness of an internal insulation liner, metal temperatures
may be obtained by surveying the pressure-retaining item with temperature measuring or
indicating devices.
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d) Two or more zones

When a pressure-retaining item has two or more zones and the required thickness, corrosion
allowance, or corrosion rate differ so much that the foregoing provisions give significant
differences in maximum periods between inspections for the respective zones (e.g. the upper
and lower portions of some fractionating towers), the period between inspections may be
established individually for each zone on the basis of the condition applicable thereto, instead
of being established for the entire vessel on the basis of the zone requiring the more frequent
inspection.

e) Above-ground pressure vessels

All pressure vessels above ground shall be given an external examination after operating for
five years or one quarter of remaining life, whichever is lesser, preferably while in operation.
Alternative intervals resulting in longer periods may be assigned provided the requirements of
Clause 12.5 have been followed. Inspection shall include determining the condition of the
exterior insulation, the supports, and the general alignment of the vessel on its supports.

Pressure vessels that are known to have a remaining life of over ten years or that are
prevented from being exposed to external corrosion (such as being installed in a cold box in
which the atmosphere is purged with an inert gas, or by the temperature being maintained
sufficiently low or sufficiently high to preclude the presence of water), need not have the
insulation removed for the external inspection. However, the condition of the insulating
system and/or the outer jacketing, such as the cold box shell, shall be observed periodically
and repaired if necessary.

f) Interrupted service

The periods for inspection referred to above assume that the pressure-retaining item is in
continuous operation, interrupted only by normal shutdown intervals. If a pressure-retaining
item is out of service for an extended interval, the effect of the environmental conditions
during such an interval shall be considered.

If the pressure-retaining item was improperly stored, exposed to a detrimental environment or
the condition is suspect, it shall be given an inspection before being placed into service.

The date of next inspection, which was established at the previous inspection, shall be
revised if damage occurred during the period of interrupted service.

g) Circumferential stresses
An area affected by a general corrosion in which the circumferential stresses govern the
ASWP, the least thicknesses along the most critical plane of such area may be averaged over

a length not exceeding:

i) One-half the pressure vessel diameter or 500 mm for vessels, whichever is lesser,
with inside diameters of 1.5 m or less; or
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ii) One third the pressure vessel diameter or 1 m, whichever is lesser, for vessels with
inside diameters greater than 1.5 m, except that if the area contains an opening, the
distance within which thicknesses may be averaged on either side of such opening
shall not extend beyond the limits of reinforcement as defined in the applicable
section of the ASME Code for ASME Stamped vessels and for other vessels in their
applicable Codes of Construction.

h) Longitudinal stresses

If because of wind loads or other factors the longitudinal stresses would be of importance, the
least thicknesses in a length of arc in the most critical plane perpendicular to the axis of the
pressure vessel may be averaged for computation of the longitudinal stresses. The
thicknesses used for determining corrosion rates at the respective locations shall be the most
critical value of average thickness.

i) Local Metal Loss

Corrosion pitting shall be evaluated in accordance with 12.7.7. Widely scattered corrosion pits
may be left in the pressure retaining item in accordance with the following requirements:

i) their depth is not more than one-half the required thickness of the pressure-retaining
item wall (exclusive of corrosion allowance);

ii) the total area of the pits does not exceed 4 500 sq mm within any 32 000 sqg mm; and

iii) the sum of their dimensions (depth and width) along any straight line within this area
does not exceed 50 mm.

j) Weld joint efficiency factor

When the surface at a weld having a joint efficiency factor of other than 1, is corroded as well
as surfaces remote from the weld, an independent calculation using the appropriate weld joint
efficiency factor must be made to determine if the thickness at the weld or remote from the
weld governs the maximum allowable working pressure. For the purpose of this calculation,
the surface at a weld includes 25 mm on either side of the weld, or two times the minimum
thickness on either side of the weld, whichever is greater.

k) Ellipsoidal and torispherical heads

a) When measuring the corroded thickness of ellipsoidal and torispherical heads, the
governing thickness may be:

i) that of the knuckle region with the head rating calculated by the appropriate head
formula; or

ii) that of the central portion of the dished region, in which case the dished region
may be considered as a spherical segment whose allowable pressure is
calculated by the formula for spherical shells in the ASME Code or other code of
construction.
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b) The spherical segment of ellipsoidal and torispherical heads shall be considered to
be that area located entirely within a circle whose diameter is equal to 80 % of the
shell diameter. The radius of the dish of a torispherical head is to be used as the
radius of the segment (equal to the diameter of the shell for standard heads, though
other radii have been permitted). The radius of the spherical segment of ellipsoidal
heads shall be considered to be the equivalent spherical radius K, (as defined in the
ASME Code).

[) Adjustments in corrosion rate

If, upon measuring the wall thickness at any inspection, it is found that an inaccurate rate of
corrosion has been assumed, the corrosion rate to be used for determining the inspection
frequency shall be adjusted to conform with the actual rate found.

12.6.2 Estimating inspection intervals for pressure retaining items where corrosion is
not a factor

When the corrosion rate of a pressure-retaining item is not measurable, the item need not be
inspected internally provided all of the following conditions are met and complete external
inspections, including thickness measurements, are made periodically on the vessel, see
Clause 12.5:

a) The non-corrosive character of the content, including the effect of trace elements, has
been established by at least five years comparable service experience with the fluid being
handled;

b) No questionable condition is disclosed by external inspection;

c) The operating temperature of the pressure-retaining item does not exceed the lower limits
for the creep range of the vessel metal (refer to Table 2); and

d) The pressure-retaining item is protected against inadvertent contamination.

12.7 Evaluating inspection intervals of pressure retaining items exposed to inservice
damage mechanism

12.7.1 Exposure to elevated temperature (creep)

The owner-user of the pressure-retaining item and the Inspector are cautioned to seek
competent technical advice to determine which of the condition assessment methods can be
used to assure safe operation and determination of the next inspection interval for the
pressure-retaining item when elevated service temperature is a consideration.

When creep damage is suspected in a pressure -retaining item, an assessment of remaining
service life should be discussed with the owner-user of the pressure-retaining item. This
assessment may include, but is not limited to, the following methods:

a) Dimensional measurements of the item to check for creep;
b) Measurement of oxide scale and wall thickness for use in engineering analysis to
determine remaining service life. Creep life can be predicted through an empirical

approach which uses available data for the pressure-retaining component; total number
of operating hours to the present is needed.
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Oxide scale thickness (steam side) can be measured directly from material samples or be
measured in situ using ultrasonic techniques;

Table 2. Temperatures above which creep becomes a consideration

Material Temperature
Carbon steel and C-1/2 Mo and ferritic stainless steels 400 °C
Low alloy steels (Cr-Mo) 455 °C
Austenitic stainless steels 510 °C
Aluminium alloys 95 °C

c) Metallographic examination to determine the extent of exposure to creep damage; and

d) Removal of a material sample for creep rupture testing. A test matrix is selected to yield
the most meaningful results from the material sample. Test specimens are machined from
the sample and tested under representative loads and temperatures (as selected in the
test matrix). Creep strain vs. time and temperature vs. time to rupture data are recorded.

12.7.2 Exposure to brittle fracture

Determining susceptibility to brittle fracture should be required as part of the overall as-
sessment for evaluating remaining service life or to avoid failure of the pressure-retaining item
during a hydrotest. In order to carry out brittle fracture assessment, mechanical design
information and materials of construction shall be known. This information is required for
pressure-retaining components in order to identify the most limiting component material that
governs brittle fracture.

Design information, maintenance; operating history, and information relating to environmental
exposure shall be evaluated to determine if there is a risk of brittle fracture. When brittle
fracture is a concern, methods to prevent this failure shall be taken. These methods could
include changes to operating conditions and further engineering evaluations to be performed
by a professional engineer (metallurgical, corrosion, mechanical). Engineering evaluation
methods to prevent brittle fracture shall be reviewed and approved by the owner-user,
Inspector, and Jurisdiction.

12.7.3 Evaluating conditions that cause bulges/blisters/laminations

Blistering in pressure-retaining items can result from laminations, inclusions in the metal, or
damage mechanisms that occur in service. Procedures for evaluating bulges/blisters/
laminations are referenced in applicable standards (see 4.4 and bibliography).

An engineering evaluation shall be performed to ensure continued safe operation when
bulges/blisters/laminations are identified. If a bulge/blister/lamination is within the specified
corrosion allowance, further assessment should be performed to evaluate any crack-like
indications in surrounding base material.

NOTE. Proximity of crack-like indications in welds and HAZ is important. Cracks and blisters should be evaluated
separately.
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12.7.4 Evaluating crack-like indications in pressure-retaining items

Crack-like indications in pressure-retaining items are planar flaws characterised by length and
depth with a sharp root radius. Cracks may occur within material or on the surface and may
be individual or multiple in nature. In some cases, a conservative approach is to treat aligned
porosity, inclusions, undercuts, and overlaps as crack-like indications. It is important that the
cause of cracking is identified prior to any further determination of inspection intervals.

If crack-like indications are on the surface and within the specified corrosion allowance,
removal by blend grinding or air arc gouging can be performed. Measurements shall be taken
to assure minimum thickness is met and effective monitoring techniques should be
established. If a crack-like flaw is not completely removed and repaired, then an engineering
fracture mechanics or other assessment must be performed to verify continued safe
operation.

There are various methods or approaches for assessing crack-like indication, some of which
are referenced in applicable standards (see 4.4 and bibliography).

12.7.5 Evaluating exposure of a pressure-retaining item to fire damage

The extreme heat of a fire can produce visual structural damage and less apparent degra-
dation of mechanical properties (decrease in yield strength or fracture toughness). Potential
damage includes changes in mechanical properties, decrease in corrosion resistance,
distortion, and cracking of pressure boundary components. Distortion of equipment
extremities such as ladders and platforms does not necessarily mean that the pressure
equipment is no longer suitable for continued service. Process fluid inside the vessel may
serve as a cooling medium, thus preserving mechanical properties of the equipment.
Instrumentation and wiring are commonly damaged during a fire. .

Data requirements and history information should be obtained as identified in 12.4.

Recommended measurements and collection of data for assessment of fire damage shall
include but are not limited to:

a) concentrated areas of fire damage versus overall fire damage as it relates to normal
operation;

b) determination of cause and origin of fire;
c) temperature extremes;

d) nature of the fuel;

e) source of ignition;

f) time at temperature;

g) cooling rate;

h) photographs taken;

i) plant personnel interviewed; and
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j) actual strength and toughness properties of the material.

NOTE. Itis important that evidence be maintained in order to perform a proper evaluation and assessment.
Components subjected to fire damage can exhibit altered mechanical properties, and should
be evaluated to determine if the material has retained necessary strength and toughness as
specified in the original code of construction. Heating above the lower critical temperature
results in a phase transformation that, upon rapid cooling, can dramatically affect material
properties. Evaluation methods may consist of:

a) portable hardness testing;

b) field metallography or replication;

c) hydrostatic pressure testing;

d) magnetic particle testing;

e) liquid penetrant testing;

f) visual examination; and

g) dimensional verification checks.

If visual distortion or changes in the microstructure or mechanical properties are noted,
consideration of replacing the component or a detailed engineering analysis shall be

performed to verify continued safe operation.

Techniques for assessing fire damage are referenced in applicable standards (see 4.4 and
bibliography).

12.7.6 Evaluating exposure of pressure-retaining items to cyclic fatigue

A fatigue evaluation should be performed if a component is subject to cyclic operation. The
allowable number of cycles (mechanical or thermal) at a given level of stress should be
adequate for the specified duration of service to determine suitability for continued operation.

Data requirements and history information should be obtained as identified in 12.4.

Techniques for assessing fatigue are references in applicable standards (see 4.4 and
bibliography).

12.7.7 Evaluating pressure-retaining items containing local thin areas

Local thin areas can result from corrosion/erosion, mechanical damage, or blend/grind
techniques during fabrication or repair, and may occur internally or externally. Types of local
thin areas are grooves, gouges, and pitting. When evaluating these types of flaws, the
following should be considered:

a) original design and current operating conditions;

b) component is not operating in the creep range;
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¢) material has sufficient toughness;

d) not operating in cyclic service;

e) does not contain crack-like indications;

f) flaws are not located in knuckle regions of heads or conical transitions;
g) applied loads; and

h) the range of temperature fluctuation.

Where appropriate crack-like indications should be removed by blend/grinding, and evaluated
as a local thin area.

Data requirements and history information should be obtained as identified in 12.4.

Required measurements for assessment of local thin areas shall include:

a) thickness profiles within the local region;

b) flaw dimensions;

c) flaw to major structural discontinuity spacing;

d) vessel geometry; and

e) material properties.

Required measurements for assessment of pitting corrosion shall include:

a) depth of the pit;

b) diameter of the pit;

c) shape of the pit; and

d) Uniformity.

If metal loss is less than specified corrosion/erosion allowance and adequate thickness is
available for future corrosion, then monitoring techniques should be established. If metal loss
is greater than specified corrosion/ erosion allowance, a detailed engineering evaluation shall

be performed to ensure continued safe operation.

Techniques for assessing local thin areas and pitting are referenced in applicable standards
(see 4.4 and bibliography).
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