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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES —

Part 30-2: Electrical resistance trace heating —
Application guide for design, installation and maintenance

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. |IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily
members of IEEE and serve without compensation. While IEEE administers the process and establishes rules
to promote fairness in the consensus development process, IEEE does not independently evaluate, test, or
verify the accuracy of any of the information contained in its standards. Use of IEEE Standards documents is
wholly voluntary. IEEE documents are made available for use subject to important notices and legal disclaimers
(see http://standards.ieee.org/IPR/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two
organizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under the
terms of that agreement.

2) The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus of
opinion on the relevant subjects since each technical committee has representation from all interested IEC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE
standards document is given by the IEEE Standards Association (IEEE-SA) Standards Board.

3) IEC/IEEE Publications have the form of recommendations for international use and are accepted by IEC
National Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the
technical content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in
which they are used or for any misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
publications. Any divergence between any IEC/IEEE Publication and the corresponding national or regional
publication shall be clearly indicated in the latter.

5) IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for any services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies
and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board,
for any personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect,
or for costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this
IEC/IEEE Publication or any other IEC or IEEE Publications.

8) Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal
validity or scope of Patent Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or
non-discriminatory. Users of this standard are expressly advised that determination of the validity
rights, and the risk of infringement of such rights, is entirely their own responsibility. B@Cﬁfﬁents
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International Standard IEC/IEEE 60079-30-2 has been prepared by IEC technical committee
31: Equipment for explosive atmospheres, in cooperation with the Petroleum & Chemical
Industry Committee of the IEEE Industrial Applications Society under the IEC/IEEE Dual Logo
Agreement.

—7-

NOTE A list of IEEE participants can be found at the following URL:
http://standards.ieee.org/downloads/60079/60079-30-2-2015/60079-30-2-2015 wg-participants.pdf.

This first edition of IEC/IEEE 60079-30-2 cancels and replaces the first edition of IEC 60079-
30-2 published in 2007 and constitutes a technical revision.

This edition includes the following significant changes, apart from a general review and
updating of the first edition of IEC 60079-30-2, harmonization with IEEE Std 515, with respect
to the previous edition:

e the relocation of trace heater product design methodology and requirements to IEC/IEEE
60079-30-1;

e the relocation and/or duplication of information on installation, maintenance, and repair to
the MTs under SC31J for their addition into IEC 60079-14, IEC 60079-17, and IEC 60079-
19;

e the inclusion of more detailed information on safety showers and eyewash units;
e the introduction of Annexes from IEEE Std 515.

The significance of changes between IEC 60079-30-2, Edition 1.0 (2007) and IEC/IEEE
60079-30-2, Edition 1.0 (2014) is as listed below:

Type
Changes Clause Minor and Extension Major
editorial technical
changes changes
Addition of clarification for the exclusion of areas 1 X
coverage classifications of EPLs Ga and Da
Addition of requirements for the Division method of
e h 1 C1

area classification that may be applied by some users
Relocation of heat loss design requirements to 6.3 X
IEC/IEEE 60079-30-1 ’
Addition of safety shower and eyewash station design 6.16 c2
requirements '
Addition of Annex for an example of a design data Annex A X
record
Addition of Annex for a checklist of installation Annex B X
requirements
Addition of Annex for an example of a trace heater

S Annex C X
commissioning record
Addition of Annex for an example of a maintenance

Annex D X

schedule and log record
Addition of Annex for pipe heat loss considerations Annex E X
Addition of Annex for vessel heat loss considerations Annex F X
Addlt'lon of Annex for heat up and cool down Annex G X
considerations
Add'|t|on of A_nnex for a _methoc;l to determine the Annex H X
equivalent thickness of insulating cements

NOTE The technical changes referred to include the significance of technical changes in the revised IEC
Standard, but they do not form an exhaustive list of all modifications from the previous version.
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Explanations:
A) Definitions

Minor and editorial changes

clarification

decrease of technical requirements
minor technical change

editorial corrections

These are changes which modify requirements in an editorial or a minor technical way. They
include changes of the wording to clarify technical requirements without any technical change,
or a reduction in level of existing requirement.

Extension addition of technical options

These are changes which add new or modify existing technical requirements, in a way that
new options are given, but without increasing requirements for equipment that was fully
compliant with the previous standard. Therefore, these will not have to be considered for
products in conformity with the preceding edition.

Major technical changes addition of technical requirements
increase of technical requirements

These are changes to technical requirements (addition, increase of the level or removal)
made in a way that a product in conformity with the preceding edition will not always be able
to fulfil the requirements given in the later edition. These changes have to be considered for
products in conformity with the preceding edition. For these changes additional information is
provided in clause B) below.

NOTE These changes represent current technological knowledge. However, these changes should not normally
have an influence on equipment already placed on the market.

B) Information about the background of ‘Major Technical Changes’

C1 - The requirements for the Division method of area classification are applicable only for
users of this standard intending qualification for these areas.

C2 — The design requirements for safety showers and eyewash units have been included for
harmonization and for added safety.

This bilingual version (2017-12) corresponds to the monolingual English version, published in
2015-09.

The text of this standard is based on the following IEC documents:

FDIS Report on voting
31/1190/FDIS 31/1199/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The French version of this standard has not been voted upon.

International standards are drafted in accordance with the ISO/IEC Directives, Part 2.
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This standard is intended to be used in conjunction with IEC/IEEE 60079-30-1:2014,
Explosive atmospheres — Part 30-1: Electrical resistance trace heating — General and testing
requirements.

A list of all parts of IEC 60079 series, under the general title Explosive atmospheres, can be
found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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EXPLOSIVE ATMOSPHERES -

Part 30-2: Electrical resistance trace heating —
Application guide for design, installation and maintenance

1 Scope

This part of IEC 60079 provides guidance for the application of electrical resistance trace
heating systems in areas where explosive atmospheres may be present, with the exclusion of
those classified as requiring EPL Ga/Da (traditional relationship to Zone 0 and Zone 20
respectively). This standard also provides guidance for explosive atmospheres incorporating
the Division method of area classification that may be applied by some users of this standard.

NOTE Information on the Division method is given in NFPA 70 and CSA C22.1.

It provides recommendations for the design, installation, maintenance and repair of trace
heating systems including associated control and monitoring equipment. It does not cover
devices that operate by induction heating, skin effect heating or direct pipeline heating, nor
those intended for stress relieving.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60050-426, International Electrotechnical Vocabulary — Part 426: Equipment for explosive
atmospheres

IEC 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

IEC 60079-15, Explosive atmospheres — Part 15: Equipment protection by type of protection

n

IEC/IEEE 60079-30-1, Explosive atmospheres — Part 30-1: Electrical resistance trace heating
— General and testing requirements

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-426,
IEC 60079-0 and IEC/IEEE 60079-30-1 apply.

4 Application considerations

4.1 General

This part of IEC 60079 supplements the requirements specified in IEC 60079-14, IEC 60079-
17 and IEC/IEEE 60079-30-1.

Where trace heating systems are to be installed in explosive atmospheres, full details of the
area classifications shall be specified. The specification shall state, as applB@euments
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required equipment protection levels Gb, Gc¢, Db, and Dc (traditional relationship to Zone 1,
Zone 2, Zone 21, and Zone 22 respectively), and/or the Division 1 and Division 2 explosive
atmospheres, the gas or dust groups, and temperature classification. Where special
considerations apply or where site conditions may be especially onerous, these conditions
shall be detailed in the trace heating specification.

The specification for heating systems to be installed on mobile equipment or skid units (e.g.
re-locatable structures) should accommodate the adverse conditions in which the trace
heating system may be used.

Where any parts of the trace heating system are likely to be exposed, those parts should be
suitable for the environment.

4.2 Corrosive areas

All components of electric trace heating systems should be examined to verify that they are
compatible with any corrosive materials that may be encountered during the lifetime of the
system. Trace heating systems operating in corrosive environments have a higher potential
for failure than in non-corrosive environments. Deterioration of the thermal insulation system
is made worse by corrosion of the weather barrier and the possibility of moisture leaks
soaking the thermal insulation.

4.3 Process temperature accuracy
4.3.1 Type |

A Type | process is one for which the temperature should be maintained above a minimum
point. Ambient sensing control may be acceptable. Large blocks of power may be controlled
by means of a single control device and an electrical distribution panel board. Heat input may
be provided unnecessarily at times and wide temperature excursions should be tolerable.
Energy efficiency may be improved through the use of dead-leg control or ambient
proportional control techniques (see 6.14).

4.3.2 Type Il

A Type |l process is one for which the temperature should be maintained within a moderate
band. Control by mechanical thermostats is typical.

4.3.3 Type Il

A Type lll process is one for which the temperature should be controlled within a narrow
band. Electronic controllers using thermocouple or resistance-temperature detector (RTD)
process temperature sensors facilitate field (work site) calibration and provide maximum
flexibility in the selection of temperature alarm and monitoring functions. Heat input capability
may be provided to preheat an empty pipe or raise the fluid temperature, or both, within a
specified range and time interval. Type Il systems require strict adherence to flow patterns
and thermal insulation systems.

4.4 Installation considerations

If failure of any part of the trace heating system can result in a safety or process problem,
then the trace heating system may be considered to be a critical component of the total
process. The temperature control and circuit monitoring requirements of an application may
be defined according to the temperature control types described in 4.3.

When trace heating is critical to the process, circuit monitoring for correct operation,
malfunction alarms, and back-up trace heaters should be considered. Spare or back-up
controllers can be specified to be automatically activated in the event of a fault being
indicated by the monitoring/alarm system. Back-up trace heaters may allow mainienance or
repairs to be performed without a process shutdown and may be used to enhance :ﬁeﬁuments
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5 Thermal insulation

5.1 General

The selection, installation and maintenance of thermal insulation is a key component in the
performance of an electrical trace heating system. The thermal insulation system is normally
designed to limit heat loss with the trace heating system compensating for the remainder.
Therefore, problems with thermal insulation have a direct impact on the overall system
performance.

The primary function of thermal insulation is to reduce the rate of heat transfer from a surface
that is operating at a temperature other than ambient. This reduction of energy loss may:

— reduce operating expenses;

— improve system performance;

— increase system output capability.

Prior to any heat loss analysis for an electrically traced pipeline, vessel or other mechanical
equipment, a review of the selection of the insulation system is recommended. The principal
areas for consideration are as follows:

— selection of an insulation material;

— selection of a weather barrier (cladding);

— selection of the economic insulation thickness with consideration for optimum trace heater
design;

— selection of the proper insulation size.

Information about the equivalent thickness of insulating cements is given in Annex H.

5.2  Selection of insulating material

The following are important aspects to be considered when selecting an insulation material.
These factors should be considered and the selection optimised according to the operator’s
criteria:

— temperature rating;

— thermal conductivity, A, of the insulation;

— mechanical properties;

— chemical compatibility and corrosion resistance;

— moisture resistance,;

— health risks during installation;

— fire resistance;

— toxicological properties when exposed to fire;

— costs.

Insulation materials commonly available include:

— expanded silica;

— mineral fibre;

— cellular glass;

— urethane;

— fibreglass;

— calcium silicate; Documents
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— polyisocyanurate;

— perlite silicate.

For soft insulants (mineral fibre, fibreglass, etc.), actual pipe size insulation may be used in
many cases by banding the insulation tightly. Care should be taken to prevent the trace
heater from being buried within the insulation, which may cause damage to the trace heater or
may restrict proper heat transfer. As an alternative, the next largest pipe size insulation that
can easily enclose pipe and electric trace heater is also acceptable. Rigid insulation (calcium
silicate, expanded silica, cellular glass, etc.), may be pipe-size insulation if board sections are
cut to fit the longitudinal joint. This type of installation technique is commonly referred to as
an extended leg installation. Alternatively, the next largest insulation size may be selected to
accommodate the trace heater. In all cases, the insulation size and thickness should be
clearly specified.

Insulation for valves, flanges, pumps, instruments, and other irregularly shaped equipment
may be constructed for the particular configuration. This can be fabricated from block,
insulation segments or flexible removable covers.

Non-insulated or partially insulated pipe supports or equipment require additional heat input to
compensate for the higher heat loss. Insulating cements or fibrous materials should be used
to fill cracks and joints. Where insulating cements are used for total insulation of an irregular
surface, a proportionally thicker layer of insulating cement may be applied to achieve the
desired insulating capability.

5.3 Selection of weather barrier (cladding)

Proper operation of an electrically trace heated system depends upon the insulation being
dry. Electric tracing normally has insufficient heat output to dry wet thermal insulation. Some
insulation materials, even though removed from the piping and force dried, never regain their
initial characteristics after once being wet.

Straight piping may be weather-protected with metal jacketing, polymeric, or a mastic system.
When metal jacketing is used, it should be smooth with formed, modified “S” longitudinal
joints. The circumferential end joints should be sealed with closure bands and supplied with
sealant on the outer edge or where they overlap (see Figure 1).

Jacketing that is overlapped or otherwise closed without sealant is not effective as a barrier to
moisture. A single, unsealed joint can allow a considerable amount of water to leak into the
insulation during a rainstorm, therefore specifications for elastomeric water sealing of
cladding should be suitable for long term exposure to the environmental conditions.

The type of weather barrier used should, as a minimum, be based on a consideration of the
following:

— effectiveness in excluding moisture;

— corrosive nature of chemicals in the area;

— fire protection requirements;

— durability to mechanical abuse;

— cost.

5.4  Selection of economical thickness to provide optimum trace heating design

At a minimum, an economic consideration of the insulation weighs the initial costs of the
materials and installation against the energy saved over the life of the insulation. It should be
noted that the actual insulation thicknesses do not always correspond exactly to the nominal
insulation thickness. When choosing the insulation size, considerations should be made as to
whether or not the actual pipe-size insulation is suitable for accommodating botb&ipe and

trace heater. cuments
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The insulation thickness selected for economic consideration of non-traced portions of a
system does not necessarily provide for an optimum or acceptable trace heating system
design and installation. Consideration of the electric trace heating design should be made in
conjunction with the selection of insulation. Selection of an optimum insulation thickness for
electric traced lines can do the following:

— reduce the power output level necessary for each trace heater;

— increase the length of trace heater circuits;

— decrease the number of circuits required;

— decrease the total power required for electric trace heater systems.

5.5 Double insulation

The double insulation technique may be employed when the pipe temperature exceeds the
maximum allowable temperature of the trace heater. Prevention of the freezing of condensate
in high-temperature steam lines when these lines are not in use is a typical application. It
consists of locating the trace heater between two layers of insulation surrounding the pipe.
The essence of the double-insulation technique is to determine the correct combination of
inner and outer insulation type and thickness that results in an acceptable interface
temperature for the trace heater. This relationship is illustrated in Figure 2. Note that
maximum ambient temperature conditions should be considered in this determination.
Consideration should be given to joint installation and alignment of the inner insulation to
account for thermal expansion of the piping.
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Figure 1 — Thermal insulation — Weather-barrier installation
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6 System design

6.1 General

Each trace heating application imposes unique demands on the designer to achieve the
desired temperature and maintain it within the specified conditions. Trace heating systems
necessarily interface with other specified items of equipment such as thermal insulation and
the electrical supply available to power the system. The final system is an integration of all
these component parts so the values of these interface items have to be known and controlled
in order to design systems that perform as required.

The design of any trace heating system should conform to all IEC/IEEE requirements for the
use of electrical equipment and with the requirements of this standard. Consideration should
be given as to the maintenance of the systems and process equipment, to energy efficiency,
and to testing the installed systems for operational satisfaction and safety.

Considerations that affect the efficiency of trace heating design are insulation thickness and
supply voltage. Insulation type selection is generally made based on temperature and
environmental conditions. The insulation thickness selected for traced lines should be made in
conjunction with the trace heater selection, to provide an optimum trace heating design. See
5.4 for additional discussion of this topic. Selection of the supply voltage to be applied to
trace heating circuits can greatly influence the overall power supply and economics of the
system.

It is necessary to maintain adequate distances between the pipes and between pipes and
parts of the structure in order to permit installation of the thermal insulation.

When designing trace heating systems for use in explosive atmospheres, additional
constraints are imposed due to the requirements and classification of the area under
consideration.

The details of each circuit design should be recorded on a form such as the example indicated
in Table A.1 and retained.

Information about design for heat loss calculations and examples is provided in Annex E for
pipes and in Annex F for vessels.

6.2 Purpose of, and major requirement for, trace heating
Trace heaters should be selected and installed so as to provide sufficient power for:

a) compensation of heat loss when maintaining a specified temperature of a workpiece at the
specified minimum ambient temperature; see calculation method in IEC/IEEE 60079-30-1;
or

b) raising the temperature of a workpiece, and its contents when specified, within a specified
time period; see calculation method in 6.6; or

c) a combination of a) and b).

The trace heater selection shall consider the determination of the maximum possible sheath
temperature under adverse conditions as specified in IEC/IEEE 60079-30-1. The methods
employed include the product classification method, stabilized design, and controlled design.

The temperature may be reduced, for example, through adjustments to the system

parameters, by the use of multiple tracers to reduce the power produced per unit length, or by

the selection of the temperature control system. The excess of installed power over the power

as required, and the way in which trace heaters are applied, installed and operated shall not

be the cause, not even after evaluation of worst-case conditions, of any unaccept iSked

explosive atmospheres. Waé]ﬂ(rﬁents
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The manufacturer of the trace heating is required to establish the design calculations and
methods. The end user is constrained to the design calculations and methods specified by the
manufacturer.

6.3 Training

Persons involved in the design of electric trace heating systems should be suitably trained in
all techniques required.

6.4 Selection of trace heater
6.4.1 General

For a particular application, there are some basic design characteristics that should be
reviewed to determine the choice of trace heater(s). These are as follows.

a) The maximum withstand temperature of the trace heaters shall be greater than the
maximum possible workpiece temperature (which may be greater than the normal maintain
temperature).

b) Trace heaters should be suitable for operation in the environmental conditions specified,
for example, a corrosive atmosphere or a minimum ambient temperature.

c) Trace heaters shall be certified for use in the particular explosive atmosphere.

For any application, there is a maximum allowable power density at which a trace heater can
be used without damaging either the workpiece or its contents. This is particularly critical in
certain cases, such as with lined pipes, vessels containing caustic soda or with heat sensitive
materials. The maximum allowable power density shall be recorded in the system
documentation. Multiple tracing or spiralling of a single trace heater may be required.

6.4.2 Site-fabricated trace heaters
Site-fabricated trace heaters are permissible provided:

e installation personnel are trained in the special techniques required;

e trace heaters are certified for site-fabrication;

e the installation instructions supplied by the manufacturer cover site-fabrication;
e trace heater(s) pass the field (site work) tests specified in 8.5.5;

e trace heater(s) is/are marked in accordance with IEC/IEEE 60079-30-1.

Trace heater(s) not excluded by the above considerations are technically suitable for the
application, but it is still necessary to determine the maximum allowable power density of
each. This is a function of the construction, the maximum withstand temperature, the
maximum operating temperature and maximum permissible temperature of the workpiece and
thermal insulation.

For each particular trace heater, the maximum allowable power density shall be determined
from the manufacturer’s data that is based on tests specified in IEC/IEEE 60079-30-1. The
value used shall be chosen so that the maximum withstand temperature is not exceeded. The
limiting value of maximum allowable power density for each trace heater is either the value
chosen from the manufacturer’s data or that specified for the process, whichever is the lower.
However, the power density may be further limited by the need for multiple tracing.

The designer may then select the type, length or size and loading of the trace heater. The
actual installed load should be not less than the design loading and the actual power density
not greater than that obtained above. The type of trace heater and the values of installed load
and power density should be recorded in the system documentation.
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6.4.3 Specific types of trace heating

The series and parallel types of trace heating are generally defined by their electrical
characteristics.

Series trace heaters typically use the electrical conductor as the heating element, so the
voltage supply and circuit length become critical parameters in the design of each circuit.
Series trace heaters with polymeric insulation are particularly suited for installations with long
circuit lengths. Series trace heaters with mineral insulation (MIl) and metallic sheaths are
particularly suited for very high process temperature maintenance. Parallel trace heaters
typically consist of two parallel conductors with a separate polymeric or metallic heating
element that draws voltage from the conductors. These are characteristically used for freeze
protection, and for process temperature maintenance of complex piping installations. The
constant wattage type typically has a spirally wound metallic heating element.

The PTC type typically consists of a polymeric heating element extruded between the
conductors. The power-limiting type typically falls between the previous types, with higher
output at higher operating temperatures than the PTC type, and with lower operating
temperatures than the constant wattage type.

6.5 Maximum temperature determination
6.5.1 General

It is important that the maximum sheath temperatures of trace heaters are determined
accurately for all applications in explosive atmospheres. It is imperative that the circuit
designer follows all guidelines, specifications, and design methodology provided by the
manufacturer in accordance with IEC/IEEE 60079-30-1. Some examples of why it is important
to determine the maximum sheath temperature of the trace heater are:

a) applications such as non-metallic piping where the maximum temperature of the trace
heater may approach the maximum withstand temperature of the workpiece, the thermal
insulation, or other components of the system;

b) applications that have no control or ambient sensing control, and that have potentially high
tracer sheath temperatures at equilibrium;

c) critical applications where a high degree of process temperature accuracy is required;

d) applications in explosive atmospheres where it is assumed that the controlling thermostat
is not functioning, such that the tracer sheath temperature cannot exceed the ignition
temperature or T-rating of the gas, vapour, or combustible dust expected in that location.

It is important that the circuit designer understands that there are three possible measures for
protecting the tracing system from exceeding the high-limit temperature — the PTC
characteristic of the trace heater, the use of a limiter or control device, and by stabilized
design calculations. The methods and limitations for the evaluation of maximum temperature
are provided in IEC/IEEE 60079-30-1.

When multiple trace heaters (especially on installations with multiple flow conditions) are
grouped together under a single temperature control device, each design condition shall be
analysed as a stabilized design.

6.5.2 PTC characteristic

Trace heaters that significantly reduce power with an increase in temperature, i.e. positive
temperature coefficient trace heaters, can be assigned temperature classes by testing (as
given in IEC/IEEE 60079-30-1). In many applications further temperature limiting control
measures are not necessary, provided that the temperature class of the trace heater is lower
in temperature than that specified for the application. Nevertheless the limiter and stabilized
design measures can be applied to operate the system in a narrower band of process

temperatures. Documents
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6.5.3 Stabilized design

Stabilized design is based on the principle of determining the maximum workpiece and trace
heater sheath temperatures under a worst-case set of conditions. This is a calculation of the
equilibrium conditions that occur when the heat input equals the system heat loss. The worst-
case set of conditions include:

a) maximum ambient temperature, typically assumed to be 40 °C unless otherwise specified;
b) no wind (still air);

c) use of a conservative or minimum value for the thermal conductivity of the thermal
insulation;

d) no temperature control by design or to simulate a failed temperature controller;

e) the trace heater is operated at its stated operating voltage plus 10 %;

f) the trace heater is assumed to be operating at the upper limit of the manufacturing
tolerance, or at the minimum specific resistance for series trace heaters.

Specific requirements for stabilized designs are found in IEC/IEEE 60079-30-1. Testing for
stabilized design is also defined in IEC/IEEE 60079-30-1. Typically the maximum sheath
temperature of the trace heater is calculated from formulae derived from the evaluation of
empirical data and by the theoretical approach described in the Annex of IEC/IEEE 60079-30-
1 for the trace heater product design verification methodology. Alternatively, design programs
that calculate the maximum sheath temperature on the basis of these worst-case parameters
may be used.

6.5.4 Controlled design

A temperature limiter/control device shall prevent the trace heater from exceeding the high-
limit temperature by typically sensing:

a) the temperature of the workpiece or other application components;

b) the temperature on the sheath of the trace heater;

c) parameters other than temperature, such as current.

The temperature limiter/control system shall open the circuit if a malfunction occurs in the

sensor or the limiter/control device. Specific requirements for controlled designs are found in
IEC/IEEE 60079-30-1.

A control and monitoring system shall be used which meets the application requirements of
this standard that is appropriate to the application considerations. Refer to Clause 7.

6.6 Heat up and cool down considerations

In certain plant operations, it may be necessary to specify that the trace heating system is
capable of raising the temperature of a static product within a certain time period, or that it
may be necessary to consider cool down times. Heat up and cool down considerations are
given in Annex G.

6.7 Design information
6.7.1 Design information documentation

To help ensure a workable trace heating design, the design function should be furnished with
up-to-date process and piping information and should be updated with any specification and
drawing revisions that pertain to the trace heating system. Any or all of the following may be
applicable:
a) Process parameters:

1) Area classification documentation including applicable ignition temperaturdgdocuments
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2) System flow diagram
3) Equipment detail drawings (pumps, valves, strainers, etc.)

4) Process procedures that would cause elevated pipe temperatures, that is, steam out
or exothermic reactions

b) Piping parameters:
1) Equipment layout drawings (plans, sections, etc.)
2) Pipe drawings (plans, isometrics, line lists, etc.)
3) Piping specifications

4) It is necessary to maintain adequate distances between the pipes and between pipes
and parts of the structure in order to permit installation of the thermal insulation.

c) Thermal insulation requirements and data:
1) Thermal design parameters
2) Thermal insulation specifications
3) Thermal insulation schedules
4) Bills of material
d) Electrical parameters:
1) Electrical drawings (one lines, elementaries, etc.)
2) Electrical equipment specifications
3) Equipment details
4) Equipment installation and instruction manuals
5) Bills of material

6.7.2 Isometric or trace heater configuration line lists and load charts
Each trace heater circuit design should include the following information:

a) Design data:

1) Area classification, including the lowest ignition temperature for each area if
applicable

2) Piping designation or line number
3) Pipe size, rating and material
4)  Thermal insulation type, nominal size, thickness, and k-factor
5) Trace heater designation and/or circuit number
6) Temperature to be maintained
7) Maximum process temperature
8) Minimum ambient temperature
9) Maximum exposure temperature (when applicable)
10) Maximum sheath temperature (when required)
11) Heat loss at desired maintenance temperature per unit length of pipe
12) Heat up parameters (when required)
13) Watts per unit length of trace heater at desired maintenance temperature
14) Watts, total
15) Circuit current, start-up and steady state
16) Bills of material
b) Installation drawings:
1) Isometric equipment installation drawings Documents
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2) Piping location with line numbers

3) Location of power connections, end seals, and temperature sensors as applicable
4)  Length of piping

5) Trace ratio of trace heater per length of pipe

6) Length of trace heaters

7) Extra length of trace heater applied to valves, pipe supports, and other heat sinks
8) Operating voltage

9) Power distribution panel number or designation, the alarm and control equipment
designation, and set points

6.8 Power system

The power system for an electric trace heating system consists of the power source,
distribution transformers, and the heat tracer distribution system. Refer to IEC 60364-1 for
specific information.

Since the power source is a key factor in the overall design of an electric trace heating
system, it is recommended that voltage levels and physical location be determined in the early
stages of the design.

The kilovoltampere (kVA) ratings of the distribution transformers should be based on the
maximum design operating load, plus consideration for circuit startup and selected spare
capacity. Maximum design operating load and startup loads should be based on minimum
startup temperature. To optimize transformer size, consider startup of the fewest possible
circuits at a time. Transformer kVA rating should be at least 125 % of computed maximum
load due to trace heater currents during cold start up. A power system may require several
distribution transformers, depending on the magnitude and physical distribution of the trace
heating loads. The distribution transformer secondary should be an earthed system.

The physical location of the distribution system should be considered in relation to the piping
system when developing the distribution system. Whenever practical, locate the panels in
unclassified and noncorrosive areas. The selection of the distribution panel enclosure is
based on the environment and area classifications. All enclosures should have the specific
system identification clearly marked on the outside, and the circuit directories should be easily
accessible. The branch circuit wiring of each trace heating circuit requires an over-current
protective device. Selection of branch circuit protective device ratings should be based on
heater start-up currents and their duration at the minimum temperature the heating device
may experience until design operating conditions are reached.

The recommended number of heating devices or segments should not exceed five on a single
protective device.

6.9 Earthing requirements
Earthing requirements include the following:
a) The electrically conductive covering of the trace heater shall be connected to the earthing

system to provide for an effective earth path.

b) In applications where the primary earth path is dependent on the electrically conductive
covering, the chemical resistance of the material shall be considered if exposure to
corrosive vapours or liquids might occur.

c) Stainless steel type braids and sheaths typically have high resistance and may not provide
effective earth paths. Consideration should be given to alternative earthing means or
supplemental earthing protection.
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6.10 Earth-fault protection of equipment

The trace heater branch circuit protection should be capable of interrupting high-impedance
earth faults as well as short-circuit faults (see IEC/IEEE 60079-30-1). This shall be
accomplished by an earth-fault protective device with a nominal 30 mA trip rating or a
controller with earth-fault interruption capability for use in conjunction with suitable circuit
protection. The preferred trip level is nominally 30 mA or 30 mA above any inherent capacitive
leakage characteristic of the trace heater as specified by the trace heating supplier.

Where conditions of maintenance and supervision help ensure that only qualified persons
service the installed systems, and continued circuit operation is necessary for the safe
operation of the equipment or processes, earth-fault detection without interruption is
acceptable if alarmed in a manner to assure an acknowledged response.

6.11 Start-up at minimum ambient temperatures

The rating and characteristics of current protective devices should be appropriate for the trace
heating systems where minimum ambient start-up conditions may occur. Refer to the trace
heating supplier’s instructions for additional details and recommendations in these cases.

6.12 Long trace heater runs

When parallel circuit trace heaters are used in long runs, the power density at the end of the
run can be less than the power density at the beginning due to voltage drop. The temperature
sensor should be located away from the trace heater and the power supply connection, as
well as away from heat sinks.

6.13 Flow pattern analysis

Where critical temperature control is required, all possible flow conditions in the piping
network shall be considered in determining the trace heating circuit segments. This is
illustrated by the example shown in Figure 3. All three trace heating circuits with separate
controls are necessary to maintain the piping system at its desired maintenance temperature.
When the heated product flows from the tank through pipe A, circuit no. 1 and circuit no. 2 are
de-energized, and circuit no. 3, which is heating the non-flowing line, remains energized. If all
three circuits are combined into one, using only one control, the non-flowing line A or B is de-
energized and drops below the desired maintenance temperature.

A bypass around a control valve is another common occurrence where additional circuits are
needed, as shown in Figure 4.

These are two examples of piping systems for which the circuit design needs close attention.
Dead legs and manifold systems require particular arrangements of the trace heating devices
and their associated controls.

Documents

Document Sharing Hub

Full document details: IEC/IEEE 60079-30-2-2015


http://www.avadocuments.com/doc/iec-ieee-60079-30-2-2015
http://www.avadocuments.com/doc/iec-ieee-60079-30-2-2015

Key

pipe A
circuit no. 1
circuit no. 2

circuit no. 3

AW N P >

cold end termination

—24 -

IEC/IEEE 60079-30-2:2015
© IEC/IEEE 2015

B
5
6
7
8

IEC

pipe B

temperature sensor
pump

heated tank

hot end termination
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Figure 4 — Bypass example

6.14 Dead-leg control technique

This is a technique that is sometimes used for the temperature control of very complex piping
networks and manifold systems. It can also be used where the total number of temperature
controllers is to be kept to a minimum at the expense of some energy savings. The technique
consists of locating or fabricating a section of pipe that:

a) has static flow condition at all times;
b) has the same heat loss as the other piping to be controlled.

Then, regardless of flow conditions, all sections are heated. All sections that have static flow
conditions at the same time then have the proper amount of heat required as the ambient
temperature varies. Pipe sections that have flow may be heated unnecessarily. The merits of
the dead-leg approach lie mainly in the trade-off in energy savings against savings on initial
costs. This technique might not be applicable with temperature sensitive products.

Care should be taken that, first, the dead-leg section for control is long enough that its
temperature is not affected by flow in the adjoining piping, and second, that the temperature
sensor is located on the portion that is thermally independent of flow conditions.

6.15 Chimney effect

Due to heat transfer effects, a substantial temperature difference from the bottom to the top of
long vertical runs may occur. Where close temperature control is needed, two or more control
circuits may be needed. The maximum control circuit length for a long, vertical run depends
on the maintenance temperature tolerance and the fluid characteristics inside the pipe. The
chimney effect may be reduced by utilizing tight fitting insulation or by installing air stops of
soft insulation between the pipe and insulation at one to two metre intervals of the vertical
rise.
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6.16 Safety shower and eyewash station design requirements

The application of heating devices to safety showers and eyewash stations involves unique
concerns in addition to the general practices associated with industrial pipe heating
applications. Because these are applied as part of overall safety systems for personnel,
attention to water temperature and reliability of operation is important. In addition, these
applications require more precise temperature control to maintain a narrow range of water
temperatures, unlike most pipe heating systems.

Trace heating for emergency eyewash units, safety showers, and associated supply piping
shall be correctly designed to prevent freezing or to maintain a tempered water system. For
safety of personnel, the water shall not exceed a maximum temperature as determined by
local codes or standards (typically 16 °C to 35 °C). Specific maintenance temperatures may
be required for emergency eye wash units and safety showers in some applications. Items to
be considered include the following:

a) Prevention of scalding during use requires attention to design factors beyond normal
consideration.
b) These same design considerations shall be applied to the supply piping for the stations.

c) It is recommended to minimize or eliminate the safety factor applied to heat loss
calculations to limit the possible maximum run away pipe temperature.

d) Tempered water systems should be designed to maintain in the range of 16 °C to 35 °C.

e) Tempered water systems are Type Ill processes for purposes of temperature control
(see 4.3).

f) High-limit temperature control with high-limit alarm is also required.

g) Recommended monitoring functions include low-temperature alarm, loss-of-voltage alarm,
and year-around periodic energization of the heater to verify circuit integrity.

h) Consider control sensor location to minimize the effects of hot spots in supply piping
resulting from long vertical runs and from solar gain in outdoor overhead piping.

i) Long vertical runs or stretches of piping with high solar gain may require the use of
separate circuits to prevent wide ranges in water temperature over the entire length of the
supply system.

i)  Where possible, terminations and controls should be located outside the spray pattern of
the shower head.

k) Tempered water designs should have some method to deal with algae and bacterial
growth, typically through periodic flushing or recirculation.

) In extremely cold climates, consideration has to be given to hypothermia of washed
personnel (possible use of an enclosed wash station) and to the prevention of discharged
water freezing and creating a hazard in the discharge area.

7 Control and monitoring

7.1 General

A control and monitoring system shall be used which meets the application requirements of
this standard that is appropriate to the application considerations for various process types
according to the degree of criticality and process temperature accuracy, as outlined in 4.3.

Control and monitoring equipment may provide control of temperature such that any high-limit
temperatures are not exceeded, monitoring of the trace heater circuit for faults, over-current
protection, and residual current protection and isolation. It is essential that any additional
requirements for particular applications, specified by the trace heating system designer for the
system, also fully meet operational and safety requirements.
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Where possible, the temperature control and/or limiter device should be located outside of the
explosive atmosphere. In case this is not possible, the protective device shall be suitably
certified for use in these areas.

7.2 Mechanical controllers

Mechanical controllers, such as thermostats, utilize two alternative principles: a bimetallic
element or the expansion of a fluid confined within a bulb or a bulb and capillary. Changes in
temperature result in positional displacement actuating electrical contacts that make or break
the circuit.

Mechanical controllers are rugged; however, the short sensing element prevents remote panel
mounting, and field calibration is cumbersome. Thermostats are mounted in the field.

Selection of the temperature sensor used with a mechanical controller shall take account of
the maximum temperature rating of the sensor and its component parts, and any corrosive
conditions to which it may be subjected.

Field located capillary and bimetallic type thermostats shall be provided with a type of
protection suitable for use in the explosive atmosphere classification appropriate to the
installation.

7.3 Electronic controllers

The sensors of electronic controllers typically comprise resistance temperature detectors
(RTDs), platinum resistance thermometers (PRTSs), thermistors, thermocouples (T/Cs), or
other temperature sensing devices. The controllers can be located several hundred metres
away from the sensor and are often located in the control and distribution panel for ease of
operator and maintenance access.

These controllers electronically process the sensor signal in order to switch an electro-
mechanical relay or solid-state device for on-off or phase control.

7.4  Application suitability

Freeze protection systems having a Type | (according to 4.3.1) process temperature accuracy
requirement may only require a simple ambient air sensing control system. For improved
energy efficiency and for process temperature accuracy Types Il or Il (according to 4.3.2 and
4.3.3 respectively), alternative or additional air-sensing or pipe-sensing controls should be
considered.

Most process temperature applications are Types Il or Ill, requiring sensing of pipe
temperature and are often provided with at least a mechanical thermostat.

For critical applications and/or where temperatures are to be controlled within a narrow band
(Type Ill), alarm functions such as annunciation of high and low process temperature and
trace heating circuit failure may be required. When conditions or the job specification require
it, electronic controls should be used. Systems are often provided with continuity, earth fault,
and system diagnostic alarms and high-limit temperature switching. Depending on the system
requirements, high-limit signals may be configured to operate an alarm and/or to operate the
circuit protection device.

7.5 Location of controllers

Electronic controllers are often grouped in a common cabinet that shall conform to the
requirements of the explosive atmosphere classification, if applicable. Consideration should
be given to grouping the controllers outside the explosive atmosphere. Where possible,
temperature controllers should be sited to allow free and easy access for convenient
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7.6 Location of sensors

The number and location of sensors are determined by the requirements of the process
design criteria.

e Sensors should be positioned at points that are representative of the maintain
temperature.

e Where two or more trace heating cables meet or join, sensors should be mounted 1 m to
1,5 m from the junction.

e If a trace heater circuit includes both piping and in-line heat sinks or heat sources, the
sensor should be located on a section of pipe in the system approximately 1 m to 1,5 m
from the in-line heat sinks or heat sources.

e Where a pipeline heating circuit runs through areas with different ambient temperatures
(such as inside and outside a heated building), two sensors and associated controls may
be required to control pipeline temperatures properly.

e In complex piping systems, the material flow patterns shall be evaluated for all possible
circumstances before selecting the sensor location. Detailed information on this evaluation
is given in 6.13 and 6.14.

e The temperature sensor for control should be located to avoid direct temperature effects
from the trace heater. The sensor should be securely mounted to insure good thermal
contact with the workpiece.

e The temperature sensitivity of certain process materials and certain types of piping
materials may warrant both a control and high-limit temperature device. The control
sensor should be located at least 90° around the circumference from the trace heater. The
high-limit sensor may be located immediately adjacent to the trace heater with a set point
at the material or system maximum allowable temperature, minus a safety margin.

e When using a high-limit temperature sensor to limit the sheath temperature in explosive
atmospheres, the sensor may be located directly on the trace heater, or may be located
away from the trace heater so as not to act as a heat sink. If located away from the trace
heater, the set point needs to be lower than the specified high temperature limit setting
(refer to clause 8.4.4.4) to compensate for the calculated differential between the pipe
temperature and the sheath temperature.

7.7 Alarm considerations
7.7.1 General

The primary function of an alarm circuit is to alert operating personnel that the trace heating
system may be operating outside the design limits and shall therefore be checked for possible
corrective action. The type and function of the various alarm systems depend on the
requirements of the process (see 4.3 and 4.4). Any, or all, of the alarms may be incorporated
in data-logging equipment. Characteristics of the most common devices are listed in 7.7.2 to
7.7.4

7.7.2 Trace heating circuit alarm

A trace heating circuit alarm is used to detect loss of current, voltage, or continuity of the
trace heating circuit, and includes (but is not limited to) the following:

a) a current-sensing device which monitors the trace heater current and signals an alarm if
the current drops below a pre-set minimum whilst the temperature switch is closed;

b) a voltage-sensitive device, which monitors voltage at the end of the trace heater (usually a
parallel-type heating cable) or monitors voltage on a return wire installed within the trace
heater;

C) resistance-or continuity-sensing devices which monitor the trace heating circuit when the
system is de-energized. Usually, a low-voltage signal or pulse is transmitted into the trace
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7.7.3 Temperature alarms
Temperature alarms are used to perform the following functions.

a) Low-temperature alarm: this indicates that the piping system and hence the process
material temperature has fallen below a pre-set minimum and that subsequent cooling
may be beyond acceptable operating design criteria. The alarm is incorporated with a
temperature controller or fitted as a separate device.

b) High-temperature alarm: this indicates that the piping system and hence process material
temperature has exceeded a pre-set maximum temperature and that subsequent heating
may be beyond acceptable operating design criteria. As with the low-temperature alarm,
the alarm is incorporated with a temperature controller or fitted as a separate device.

7.7.4 Other alarms
Other available alarms include (but are not limited to) the following devices.

a) Auxiliary contact alarm: the alarm is used to indicate when a contactor is closed and
power is being supplied to the trace heating circuit. It provides information to the operator
to confirm proper operation of the contactor, but does not assure proper operation of the
trace heating circuit if a secondary contactor is open or if the trace heater has lost
continuity.

b) Residual current protective devices: devices with a single, selected current trip level are
also available with alarm contacts. These devices monitor the electrical circuit earth-
leakage current. If the total exceeds the selected device’s trip current, the device trips,
indicating a failure and interruption of the power to the circuit. Additionally, these
monitoring devices are available with an alarm-only function.

c) Switch-actuated alarm: the alarm is usually initiated by an auxiliary contact on the
temperature controller.

d) Current-sensing apparatus: the apparatus consists of a temperature control bypass switch
and an ammeter; or current-sensitive relays and alarms.

e) Diagnostic alarm: this alarm is initiated by a diagnostic circuit within the electronic
controller, signalling failure of an internal control, of a data processing logic circuit or of
temperature sensing devices.

f) Disconnect device alarm: This alarm is activated by an auxiliary contact on the disconnect
device to indicate that the disconnect device is open.

7.7.5 Integrated control

Trace heating system control and alarm circuitry may need to be integrated with a central
(master) control and monitoring system. Particular consideration shall be given in the
selection of equipment that is compatible in both the control and supervisory functions to
assure successful and reliable data transfer.

8 Recommendations for installation

8.1 General

Each electric trace heating system is designed to meet the requirements of the particular
process and plant. Because the system comprises a number of components integrated at the
site, it is necessary to assure that the plant parameters on which the design is based are still
valid when the trace heating system is installed, and also that the components are installed
correctly. Appropriate testing and maintenance are essential in order to assure satisfactory
performance and safety.
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8.2 Preparatory work
8.2.1 General

All preparation should be conducted in accordance with the design documentation, and every
item listed in the following should be checked after completion.

8.2.2 Scheduling and coordination

Installation of the trace heating system should not begin until all piping runs and pieces of
equipment have been pressure-tested and all related instrumentation has been installed. The
workpiece surface on which the trace heater is to be installed should be free from rust,
grease, oil, etc. Any sharp protrusions such as weld splatter, cement splash, etc., should be
removed. All coatings or finishes applied to the heated surfaces shall be suitable for the
intended duty. The installation of the trace heating system should be coordinated with the
workpiece, thermal insulation and instrumentation work in order to assure a scheduled
completion date. Scheduling for the installation of thermal insulation should not occur until the
electrical trace heating has been completely installed and tested.

8.2.3 Confirmation of equipment

The equipment on site to be traced should be verified such that the length of piping and the
number of vessels, valves, flanges and components agree with the design drawings. The
amount of trace heating depends on the numbers of these items. Whenever a change is made
to the equipment to be traced, the schedule of trace heating materials shall be reviewed.

8.2.4 Receiving materials

Upon receipt of trace heating system components, a general inspection should be conducted
including a confirmation of the correct type and quantities of materials and documentation. All
trace heaters should be checked to verify catalogue type, product and package markings,
power rating, voltage rating, quantity and special characteristics. In addition, receipt of
installation instructions and the certificate of conformity or declaration of conformity from a
notified body, as required, should be verified.

8.2.5 Warehousing and handling

Materials should be stored in protected, dry areas. Materials are to be released only as
required on the jobsite, so as to avoid any unnecessary handling and inadvertent damage.

8.2.6 Personnel aspects

Persons involved in the installation and testing of electric trace heating systems should be
suitably trained in all special techniques required. Installation should be carried out under the
supervision of a qualified electrician who has undergone supplementary training in electric
trace heating systems for use in explosive atmospheres. Only specially trained personnel
shall carry out especially critical work, such as the installation of connections and
terminations.

8.3 Installation of trace heating circuits
8.3.1 Coordination and equipment verification

The workpiece drawings and design data of the trace heating circuits should be available for
coordinating the installation work. Prior to installation, the as-built piping and other equipment
should be checked against the workpiece drawings. Any changes compared with the drawings
may necessitate modification of the trace heaters. The installation of the trace heating system
should be coordinated with the piping, thermal insulation and instrument disciplines to assure
a scheduled completion date.
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The supplier of the trace heating system is required to provide specific instructions for the
trace heaters and the various types of system components. Instructions for components and
trace heaters suitable and intended for unclassified and explosive atmospheres use shall be
clearly identified.

8.3.2 Pre-installation testing and design verification

The following tests shall be performed and documented on an installation checklist (see
Table B.1). A list of typical items to be reviewed is included in Table 1. The installation
conditions shall be reviewed for each circuit design, and the circuit designer shall be notified
in the event of any discrepancies.

a) Trace heaters shall be visually checked for damage. Continuity should be measured in
accordance with Table B.1, and insulation resistance should be measured in accordance
with 8.3.4. The results should be recorded on the installation checklist.

b) Individual controls shall be tested to assure correct calibration including, but not limited to,
set points, operating temperature range and span.

c) Vendor fabricated and assembled control panels shall include documentation certifying
that all wiring, layout and functions are correct and have been tested. Upon receipt of the
control panels at the work site, a general inspection shall be made to confirm also that no
damage has occurred in transit.

8.3.3 Visual examination

The trace heaters shall be completely free of physical damage. Connections preassembled at
the factory shall be sufficiently rugged to withstand normally expected conditions during
installation.

8.3.4 Insulation resistance test

Insulation resistance shall be measured from trace heater conductors to the electrically
conductive covering with a minimum 500 V d.c. test voltage. However, it is strongly
recommended that higher test voltages are used — mineral insulated trace heaters should be
tested at, but not exceeding, 1 000 V d.c., and polymeric insulated trace heaters should be
tested at 2 500 V d.c.. The measured insulation resistance shall not be less than 20 MQ.

8.3.5 Component substitution
Component substitution includes the following limitations:

a) Components specifically listed in the supplier’'s installation or maintenance instructions
shall not be substituted with similar parts unless the components are part of the
certification.

b) Other components specified in the supplier’s installation or maintenance instructions may
be substituted with any suitably rated component.

c) Components that are part of a wiring system that supplies power to the trace heater may
be substituted with any suitably rated component acceptable to the authority having
jurisdiction.

8.3.6 Location of power supply
The power supply location shall be determined and specified prior to installation of the trace
heaters. The junction boxes shall be mounted in such a way that the trace heater cannot

suffer damage between the point at which it emerges from the insulation and the point of entry
into the junction box.
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Table 1 — Pre-installation checks

Items to be checked Remarks

1 Is the workpiece fully erected and tested and all Any welding or pressure testing after the installation
temporary supports removed? Is the surface to be of a trace heater could damage the device
heated free from sharp edges, weld spatter and
rough surfaces? See 8.2.2,8.3.7.1 and 8.4.1

2 Is the surface upon which the trace heater is to be If the surface is of polished stainless steel, very thin-
applied metallic (thermally conductive) or non- walled pipe or non-metallic of any kind, special
metallic? precautions may be necessary

3 Do the items to be heated correspond in size, It is sometimes difficult to be sure that the correct
position, etc. with the design? pipe is being heated. A suitable line numbering

system may be of assistance

4 Has it been specified that metallic foil be installed This may be used to aid heat distribution
before the application of the trace heater?

5 Has it been specified that metallic foil be installed This may be used to prevent insulation from
after the application of the trace heater? surrounding the trace heater or to aid heat

distribution

6 Can flow of product under normal or abnormal This would normally be covered in the design stage;
conditions reach temperatures greater than those however, further discussion with staff at the plant
that the trace heater can withstand? may show that incorrect or out-of-date information

has been used

7 Is the trace heating system most recent No change shall be contemplated without reviewing
documentation (working drawings, designs, and the trace heating system documentation, as design
instructions) available? calculations may need to be repeated to assure safe

operation

8 Can pipes or surfaces expand and contract so as to In this case precautions are necessary to avoid
cause stress on any part of the trace heating system | damage
installation?

9 Can sensors of temperature controllers be affected An adjacent heating circuit could affect the sensor
by external influences?

10 | Is the trace heater to be spiralled or zig-zagged Check design loading per unit length of pipe (or
onto the workpiece, according to the design? surface area) to determine if spiral or zig-zag

application is necessary

11 | Are cold leads, when fitted, suitable for contact with If the cold lead is to be buried under the insulation,
the heated surface? it has to be able to withstand the temperature

12 | Is the pipework hung from a pipe rack? In this case, special precautions are required to

assure the weatherproofing of the insulation at
points of suspension

13 | Does pipework have its full complement of The addition of intermediate supports at a later
supports? stage could damage the heating system

14 | Are sample lines/bleed lines, etc. at the plant but These could obstruct or prevent the fitting of the
not on drawings? trace heater, and a review of the trace heating

system documentation may be necessary

15 | Are other parameters used in the design of the More or less lengths of trace heater may be required
equipment, such as pipe supports, specified by the than was called for in the design. This may require
design documentation? for redesign of the circuit.

16 | Are the trace heaters, controllers, junction boxes, If the trace heater design does not meet the
switches, cable glands, etc., suitable for the intended application, the circuit shall be redesigned
explosive atmosphere classification and the and the system documentation shall be updated.
environmental conditions and are they protected as
necessary against corrosion and the ingress of
liquids and particulate matter?

8.3.7 Installation of trace heaters
8.3.7.1 General

Trace heaters should be attached to the piping and equipment in accordance with the
supplier’s instructions, on a clean, smooth portion of the equipment. Special car@%ﬁments
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taken at flanges, valves and other fittings to orient trace heaters in such a manner as to avoid
damage from sharp or jagged surfaces, as well as damage due to impact, abrasion or
vibration. A check should be made to assure that the trace heater, termination(s) and cold
lead(s) can accommodate movement and vibration of the piping and equipment.

The installer should understand the importance of the tracing system to provide uniform
heating of the piping and other equipment, noting that equipment with greater mass or heat
sinks require additional tracing. A trace heater should be installed to provide as intimate a
contact as is reasonably possible to the surface to be heated. Where such contact is not
possible, such as on valves, a suitable heat conductive covering of temperature rated metal
foil or other heat conducting materials may be used.

The trace heater should not be folded, twisted, or allowed to overlap, cross or touch itself
unless this is specifically permitted in the supplier’s instructions. Attention should be given to
the supplier’s minimum bending radii.

In the installation of trace heating systems, only genuine components may be used. Otherwise
the system will not comply with the certificate.

Site-fabricated trace heaters are permissible. See 6.4.2.

8.3.7.2 Straight tracing runs on pipe

Multiple straight trace heaters should be equally spaced around the circumference of the pipe.
Additional lengths of trace heater should be provided to compensate for the additional heat
losses at pipe supports, hangers, anchors, etc.

8.3.7.3 Spiral tracing runs on pipe

Spiral pitch marking should be made on the pipe and equipment before applying the trace
heater in a uniform spiral, starting at the power supply point and maintaining slight tension in
the trace heater as it is applied. In no circumstances should the spacing be less than the
minimum declared by the supplier.

Spiral tracing runs should be applied in such a way that valves, etc., can be easily removed or
replaced. If excess or insufficient trace heater exists at the end of the section to be heated,
the spiral pitch should be shortened or lengthened to retain a uniform spiral generally in
accordance with the design.

NOTE While spiral tracing may be more convenient on short runs or piping and equipment, multiple straight
tracing runs are often preferred for ease of installation and maintenance.

8.3.7.4 Inline equipment such as valves

Additional lengths of trace heater should be allowed in the design to compensate for the
additional heat losses at valves, flanges, strainers, pumps, etc. These lengths should be
applied in accordance with the supplier’s instructions.

Trace heating should be installed in such a way that it can be removed to allow replacement
of seals (such as gaskets at flange joints) and servicing of the inline equipment (such as
valves and filters for strainers) without damage. Where permitted by IEC 60079-15 for non-
sparking plugs and sockets, consideration should be given to installing quick disconnect
devices on one or both sides of high maintenance inline equipment. Where trace heaters
cross possible sources of leaks, for example, flanges, they should be positioned to minimize
contact with the leaking medium.
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8.3.7.5 Fixing and banding

Fixing materials should be suitable for the maximum exposure temperature and the
environmental conditions. For straight tracing runs, they should be located at intervals not
exceeding 300 mm, and for spiral tracing runs, not exceeding 2000 mm. Additional fixings
should be applied at bends, flanges and other obstructions.

Metal bands or tie wire as recommended by the manufacturer should only be used to fix solid
metal sheath trace heaters to piping and equipment, and tightened to maintain contact with
the surface to be heated. Overtightening may damage the trace heater.

8.3.7.6 Trace heaters insulation resistance test

The test procedure from 8.3.4 shall be conducted on all trace heaters after installation. The
results shall be recorded on an installation record (see Table B.1).

8.3.8 Connections and terminations
8.3.8.1 General

It is essential that all types of trace heaters are terminated correctly. Connections and
terminations completed at the worksite shall follow the supplier's instructions explicitly.
Factory terminated equipment should be inspected to assure that such terminations are
complete, properly tagged and/or marked in conformity with IEC/IEEE 60079-30-1. It is
important for the installer to review the certifications, the temperature ratings of the
connections and terminations, and their suitability for the operating conditions.

Series resistance trace heaters intended for site termination should be checked before
installation to assure that the installed lengths correspond to the design length and loading.
When mineral insulated trace heaters are terminated at the job site, the cut ends should be
sealed immediately to prevent any moisture ingress. For parallel circuit trace heaters, the total
circuit length should not exceed the supplier’'s recommendations.

8.3.8.2 Connection kits

The connection kits of a trace heater should be securely fitted in accordance with the
supplier’'s instructions, protected to prevent physical damage, and positioned to prevent the
ingress of water or other contaminants that could adversely affect its use or suitability.

8.3.8.3 Junction boxes

Trace heating circuits shall be connected into boxes that are certified for the appropriate
methods of protection, and that have suitable ingress protection. Junction boxes should be
located as closely as possible to the trace heater exit point while allowing for any pipe
expansion. Junction box lids should not be left open at any time.

8.3.8.4 Cold leads

Checks should be made to assure that the joints are waterproof, where applicable, and the
bond to earth is valid. Cold leads, if used, should emerge from the surrounding thermal
insulation in such a way that ingress of water or other contaminants is not possible. Cold
leads should be protected where they exit through thermal insulation.

Cold leads shall be fitted or modified on site only in strict accordance with the supplier’s
instructions and conditions of use as specified by the certifications. Where cold leads have
been jointed to metallic sheathed trace heaters by means of soldering or brazing, neither the
trace heaters nor the cold lead should be bent near a brazed joint.
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If permitted for the type of equipment, metal bands or wire as recommended by the
manufacturer should be used on both sides of cold lead joints to prevent movement when
fastening to pipe or equipment .

8.3.8.5 Trace heater entries and glands

Seals and/or glands supplied with trace heaters shall be certified. Glands shall be fully
screwed into the box and compression applied to provide a complete seal. Unused entries
shall be blanked off with suitable plugs. If unthreaded entries are used, the entry size shall
provide sufficient clearance for the threaded section of the gland, with the gland backnut
tightened against a compressible sealing washer to seal the gland in the enclosure.

Conductor terminations (8.3.8.9) should not be completed until after all other connections and
the end termination have been assembled and the circuit insulation resistance test (8.3.8.8) is
conducted.

8.3.8.6 Jointing, splicing and modifications

Jointing, splicing and modifications to the trace heater shall be carried out on site only in strict
accordance with the supplier’'s instructions. Any such work on trace heaters in explosive
atmospheres can invalidate the explosive atmospheres certification. This applies particularly
to any modifications to trace heaters where any change in unit length alters the power density
of the trace heater and affect the sheath temperature. Modifications shall be recorded in the
system documentation.

8.3.8.7 End terminations

The end termination of a trace heater shall be securely fitted in accordance with the supplier’s
instructions and protected to avoid mechanical damage and the ingress of water or other
contaminants that may adversely affect its use or suitability.

8.3.8.8 Trace heater circuit insulation resistance test

The test procedure from 8.3.4 shall be conducted on all trace heater circuits after installation.
The results shall be recorded on an installation record (see Table B.1).

8.3.8.9 Conductor terminations

Terminals shall be of sufficient size and rating to accept the conductors, which may be solid
or stranded wires or foils. Care should be taken in stripping back insulation to avoid damaging
the conductors.

Crimp or compression type connectors and ferrules shall be of the correct size and of an
approved type for the conductor concerned. Compression tools shall be suitable for the
specific types of fittings and be in good condition.

Trace heaters that have been installed and not terminated shall be sealed to prevent ingress
of moisture and shall be protected from damage pending completion of the termination.

8.3.8.10 Preparation of documentation

The type, length and electrical data of each trace heater shall be reviewed and recorded in
the final documentation covering installation. The connection points and other system
parameters shall be recorded in the installation documentation including the piping and
instrumentation diagrams if necessary.
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8.4 Installation of control and monitoring equipment
8.4.1 General

The installer is usually responsible for fixing the control and monitoring and distribution
panels. These provide over-current and earth-leakage protection as well as means of
isolation. Some form of temperature control or limitation is usually provided to assure safe
temperatures or for energy efficiency purposes.

8.4.2 Verification of equipment suitability

The selected controllers, thermostats, sensors, and related devices shall meet the
requirements of the overall system with regard to the service temperature, the IP (ingress
protection) rating, and the method of protection. The certification of trace heating systems
may prescribe the use of specific components. In these cases only parts specified by the
manufacturer shall be used.

8.4.3 Temperature controller and monitoring devices

The sensors of the temperature controllers can be applied to the pipe or equipment, or can
measure the medium temperature directly when used for Type Il or Type Ill control, or can
measure the ambient temperature when used for Type | control. The sensors are typically
RTDs, capillary tube thermostats, and thermocouples.

Where sensors are mounted on surfaces, effective thermal coupling is essential. The diameter
and length of the sensors can affect the temperature measurement.

Water and corrosive vapour intrusion can cause failure of temperature controllers. The cover
or lid of a controller housing should be closed before, during and after installation, except
when required for access.

8.4.4 Sensor considerations
8.4.4.1 General sensor installation

The sensor should be installed and positioned in accordance with the supplier’s instructions.
The control sensor should not be situated in areas of external radiant heat, solar gain,
process heat discharge or close to a heated building. Care should be exercised to assure that
the sensor can sense appropriate temperature conditions within a trace heated zone and
away from the end of a pipe or a pipe support. Ambient temperature-sensing elements should
be sited to not be exposed to direct sunlight or other sources of heat.

The sensor should be strapped in good thermal contact with the pipe or equipment and
protected so that thermal insulation cannot be trapped between the sensor and the heated
surface. Care should be taken not to damage the capillary tube, thermocouple or RTD leads,
or to distort the sensor and thereby cause calibration error.

Where direct medium temperature sensing is required, the sensor should be located in
thermowells at suitable positions, for example above potential sludge levels in vessels.

Excess capillary tube may be run under the thermal insulation unless the overall length
exceeds 1 m, in which case the volume of the capillary may be such as to affect the
calibration adversely.

Care should be taken to assure that the capillary tube, thermocouple or RTD leads emerge
from the thermal insulation in a manner that does not allow the ingress of moisture.
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In many cases the sensor location is defined during the system design phase. Considerations
for sensor placement are defined in 7.6. The following sections describe installation
considerations for specific installation methods.

8.4.4.2 Sensor installation for temperature controller

The sensor for the temperature controller is installed onto the surface of the pipe or
equipment in a position that provides a temperature representative of the overall circuit. As
illustrated in Figure 5, the sensor shall be positioned so as not to be influenced by the
temperature of the trace heater, or other factors such as heat sinks and solar gain.

8.4.4.3 Sensor installation for temperature limiting device

The sensor for the temperature limiting controller is installed onto the surface of the pipe or
equipment in a position that provides a temperature representative of the overall circuit. In
order to assure that the safety temperature controller can accurately react to the maximum
trace heater sheath temperature, particular attention shall be paid to the location, method of
attachment and set point. This method of sensor installation is based on the known
relationship between the equipment temperature and the heater sheath temperature at a
given power output. Typical temperature limiting sensor installation is indicated in Figure 5.

It is important that the controller is set such that the heater sheath temperature does not
exceed the high-limit temperature under worst-case conditions (e.g. voltage +10 %, tracer at
upper limit of manufacturing power tolerance, heater out of contact with the pipe/equipment,
maximum ambient, no external convection).

For trace heater circuits that are designed for use with voltage regulating devices, it may be
necessary to install the sensors using the methods described in 8.4.4.4 and 8.4.4.5. These
methods respond quickly to rapid changes in heater sheath temperatures caused by failure of
the voltage control device.

8.4.4.4 Temperature limiting device with sensor on trace heater sheath

In Figure 6, the temperature sensor is mounted directly to the trace heater and the trace
heater is in direct contact with the surface being heated. To insure accurate thermal coupling
with the trace heater, it is necessary to install the sensor with metallic foil tape or heat
transfer compound.

It is important to verify that the location is representative of the hottest point. The means to
secure the sensor to the heater shall insure the sensor cannot loosen with time and
temperature exposure, and that it cannot be loosened during future maintenance operations.

This method of sensor installation does not measure the hottest part of the tracer (which
probably occurs at a point of no contact with the equipment). It should only be used with a
controller setting that is below the high-limit temperature.

This method has the advantage that it minimizes over-temperature caused exclusively by the
measuring point. In some cases, however, the measured hot spot temperature may be lower
than the highest trace heater sheath temperatures at points with poor thermal coupling
between the trace heater and the heated surface. This shall be taken into account in the
limiter’'s temperature setting, just like the sensor’s heat dissipation. These variances are a
function of the ratio of the masses of the sensor and the trace heater (ratio of the diameters)
and of the specific heating capacity (W/m).

The direct contact with the heated surface and the resulting thermal inertia may make it
necessary to use an even lower setting in order to take transient phenomena (e.g. those
caused by failed semiconductor contact elements) into account. In some cases it may be
necessary to divide complex circuits into circuits with individual temperature limiters.
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Figure 5 — Typical installation of control sensor and sensor
for temperature limiting control

IEC

Figure 6 — Limiting device sensor on sheath of trace heater
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Temperature
A>B>C

IEC

Key

H trace heater

S temperature sensor

A temperature of artificial hot spot

B temperature at measurement point

C point with poor thermal coupling (characteristic hot spot)

D thermal insulation between trace heater and heated surface

Figure 7 — Limiting device sensor as artificial hot spot

8.4.4.5 Temperature limiting device with artificial hot spot

In Figure 7, the sensor is located to measure an artificial hot spot intending to represent the
hottest point of the tracer. This may be a suitable alternative method when used with series
trace heaters.

In cases where the method in 8.4.4.4 cannot reliably be utilized to coordinate to the system’s
worst case sheath temperature, the artificial hot spot method can provide some additional
margin of safety. In this case thermal insulation is inserted between the trace heater and the
surface being heated. The sensor for the temperature limiter is then installed in direct contact
with the trace heater.

To assure that the temperature at the artificial hot spot is higher than the trace heater
temperature at the point with poor thermal coupling (temperature C), the thermal insulation is
about twice as long as the sensor. Because of the unavoidable heat dissipation of the sensor
itself, the measured temperature B is indeed higher than temperature C, but lower than the
actual temperature of hot spot A. This variance, which is a function of the ratio of the masses
of the sensor and the trace heater (ratio of the diameters) and of the specific heating capacity
(W/m), is taken into account in the limiter's temperature setting.

The advantage of this method is its extremely short reaction time to malfunctions such as
controller failure, failure of the voltage control device, or overvoltage. In some cases it may be
necessary to divide complex circuits into circuits with individual temperature limiters.
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8.4.5 Controller operation, calibration, and access

The settings of the temperature controllers and safety temperature limiters shall be reviewed
during commissioning. Depending on the setting possibilities offered by the safety
temperature limiters, the limiters shall be sealed against tampering.

The temperature control device and sensor loop shall be calibrated at commissioning. The
controller shall be set to the required temperature and re-calibrated from the factory setting if
necessary. A function check shall be made by adjusting the temperature setting until the
controller is seen to energize the trace heater.

All measured data shall be documented.

8.4.6 Necessary modifications

Trace heating systems may be specified for verification of the maximum sheath temperature.
If the temperatures measured deviate from the admissible sheath temperatures or from the
design figures, corrective measures shall be taken and the system design shall be re-
evaluated.

8.5 Installation of thermal insulation system (see also Clause 5)
8.5.1 General

The selection and application of the thermal insulation are key elements in the installation of
an electric trace heating system. The function of thermal insulation is to reduce heat losses or
heat gains when the equipment normally operates above or below the ambient temperature.
Consequently, problems with the insulation have a direct effect on the performance of the
system as a whole. Minimization of energy dissipation reduces the running costs, improves
the system characteristics and enhances the system’s heating capacity. Installation of thermal
insulation shall conform to all applicable national standards and local regulations.

8.5.2 Preparatory work

Precautions shall be taken to protect trace heaters from mechanical damage and moisture
intrusion after they have been installed and prior to the application of thermal insulation.
Before starting the installation of thermal insulation, it is recommended that site engineering
establish a liaison between the trace heaters installer and the thermal insulation contractor,
so that the thermal insulation is applied as soon as possible after the installation and testing
of trace heaters. The installed trace heating system shall have been tested in accordance with
8.3.8.8.

The following checks and procedures should be confirmed.

a) Verify that the type, inside diameter, and thickness agree with the values used in selection
of the trace heater(s). If the insulation thickness differs from the specification, the
specified design temperatures cannot be met.

b) For thermal insulation, temporary weather protection should be provided during storage,
handling and installation to avoid the risk of moisture being trapped under the weather-
protective coating or jacket.

8.5.3 Installation of the thermal insulation materials

Thermal insulation should be applied to all sections of the pipe and equipment, including
flanges, valves, pipe supports, bends, T-junctions, etc. If expansion joints or bellows are
installed in the system, provision should be made for their thermal insulation in such a manner
that it does not impair the thermal efficiency of the trace heating system.

Oversized thermal insulation may be required in order to assure that the trace heater and

equipment are adequately covered. Other considerations include the following: Documents
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a) It is essential to verify that the insulation thickness equals the specified nominal thickness
at all points. Care shall be taken not to embed the trace heater in the insulation, because
this could cause an increase in sheath temperature. If the specified insulation size does
not fit correctly, the next greater insulation size can be used in order to accommodate the
trace heater.

b) All penetrations should be sealed to prevent the ingress of moisture. Wherever possible,
cutouts should be prepared in advance and should be in the lower 180° segment of the
thermal insulation. The thermal insulation should be applied in such a way that permits
absolutely tight entry of the trace heaters and thermal sensors or capillary tubes.

c) The thermal insulation should be cut and tightly fitted to avoid air gaps. Stagger segment
joints on the horizontal plane to minimize convective heat loss.

d) During application of the insulation, care shall be taken not to damage the electric trace
heater. The positions of trace heaters, temperature sensors and other devices shall not be
altered.

e) The use of metal foil should be considered for covering the trace heater on valves and
other irregularly shaped equipment to prevent the thermal insulation from surrounding the
trace heater.

f) Care should be taken to avoid high halide content thermal insulation materials over trace
heaters with an exposed stainless steel covering.
8.5.4 Cladding

Where metal cladding is specified, particular care should be taken to assure that bare edges
of metalwork cannot come into direct contact with the trace heater or its components.

Areas of greatest risk are as follows:
a) Flanges: metalwork should be cut back and the exposed face of the thermal insulation
finished with a suitable non-absorbent compound.

b) Valves: a preformed insulating jacket should be cut overlength and carried on to adjacent
pipework cladding.

c) Pipe bends, elbows or tees: care should be taken not to force the adjacent straight pipe
section of cladding into the bend and thereby risk damage to the trace heater.

Bends with rolled edge interlocking sections are preferred. A non-hardening sealer should be
used between the overlapped sections of metallic weather barriers of jackets. Where rivets or
self-tapping screws are used, care should be taken to assure that any drill or screw selected
for use is not long enough to penetrate the thickness of the thermal insulation and damage
the underlying trace heater.

Warning labels shall be affixed to the cladding at intervals not exceeding 6 m to advise that
an electric trace heating system is installed beneath the thermal insulation. These labels shall
also be placed on the cladding over each valve or other piece of equipment that may require
periodic maintenance.

8.5.5 Field (site work) circuit insulation resistance test

The test procedure from 8.3.4 shall be conducted on all trace heater circuits after installation,
with the requirement that the measured insulation resistance shall not be less than 20 MQ,
except that Ml trace heaters shall not be less than 5 MQ.

8.5.6 Visual inspection
The visual inspection shall assure that:

a) no moisture can penetrate the insulation as a result of weathering (correct position of

overlaps or lock beading); D t
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