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Executive Summary

Purpose of the Project

The purpose of this report is to provide a comprehensive overview of the activities performed during
this project, including a discussion of the findings and recommendations. On September 16, 2016, the
Bureau of Safety and Environmental Enforcement (BSEE) initiated the Comparative Assessment of
Electrical Standards and Practices with the issuance of a contract (#E16PC00014) to ABSG Consulting,
Inc. (ABSG). BSEE currently incorporates various industry standards into regulation by reference (Title
30 Code of Federal Regulation, 250.198) and conducts inspections of offshore oil and gas facilities to
ensure compliance with regulations and incorporated standards. With more facilities and components
being manufactured overseas to international standards, determining equivalencies between the
domestic standards incorporated into the regulations and international standards has become more
challenging, especially in the area of electrical standards. The purpose of this study was to conduct a
gap analysis to compare selected domestic electrical standards to selected international electrical
standards and to develop exhibits that BSEE inspectors could use to determine whether operators are in
compliance with these standards. Through this comparative gap analysis, BSEE was seeking to
determine if some of the existing international electrical standards are equivalent to the standards
currently incorporated into regulation, exceed the current standards or if they do not meet the current
standards. Following this introduction, this report is organized into three major sections and includes a
series of Appendices

What We Did

To conduct the analysis, ABSG developed a Standards Analysis Template to facilitate the comparative
assessment. The Standards Analysis Template was used to map the domestic baseline standards to the
comparable sections of the international standards.

During Tasks 1, 2 add 3, a gap analysis was conducted to compare the International Electrotechnical
Commission (IEC and IEC Ex) series of standards to standards the National Electric Code (NEC), various
standards issued by the American Petroleum Institute (APl) and standards issued by the American
National Standards Institute (ANSI). Tasks 4 consisted of a gap analysis among a number of standards to
determine if the elements and standards met, exceeded or did not meet the other. Task 5 involved
demonstrating how BSEE’s field and office personnel could use each of the IEC, NEC, ANSI and various
APl standards to determine whether operators are in compliance. Finally, Task 6 involved a comparative
assessment to determine the similarities and differences between how the U.S. Occupational Safety and
Health Administration (OSHA) accredits Nationally Recognized Testing Laboratories (NRTL) and how
international authorities accredit independent testing laboratories. Appendix A contains abstracts of
each of the standards compared as part of the electrical standards comparative assessment to provide
the reader with a general understanding of the scope of each of the standards.
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What We Found

Given the large number of standards analyzed during the course of this project it is difficult to come to
an overall conclusion from the comparative assessments that were conducted. Many of the
international standards analyzed were equivalent to the United States standards. Other international
standards either exceeded or did not meet the domestic standards. Section 3 provides a summary of
the findings and conclusions for each of the standards analyzed.

We also found gaps in some of the BSEE PINCs where portions of the API standards that are currently
incorporated by reference into regulations were not included in the PINCs. We also identified other
gaps where new PINCs could be developed or where an audit protocol could help BSEE inspectors better
determine compliance with these standards.

Comparative Analysis of Standards

IEC vs. NEC (Task 1)

A comparative analysis between the IEC 60079 series and the NEC found similarities and differences in
several areas. Similarities exist in the area of definitions and zone method classification, and protection
of equipment. The definitions and basis for the Zone method classification in NEC Article 505 and IEC
60079 series of standards are very similar. The IEC requires enclosures to be against incoming solid
foreign objects as well as against the harmful effects of water ingress, which is comparable to the
requirements in the NEC. Neither the NEC nor the IEC contains any requirements for submarine cables.

Differences between the two standards were found in the areas of protection techniques, marking,
hazardous area classification, wiring methods, and surge protection. The IEC does not identify some of
the protection techniques contained in the NEC, such as explosion proof equipment. In addition, IEC
does not require the equipment to be marked with Class or type of Zone such as Zone 0, Zone 1 or Zone
2. The NEC doesn't contain any guidance or requirements regarding the criteria for the gas dispersion
models, whereas the IEC describes different methods that can be used to classify a hazardous area. The
requirements in the NEC are specific with regard to type of the wiring permitted in different types of
hazardous locations. Wiring methods covered by the IEC standard are general and don’t provide as
much detail as in the NEC. The NEC contains requirements about the installation of surge protection
devices in hazardous areas whereas the IEC does not contain many requirements about surge arresters,
except for protection against lightening induced surges.

IEC vs. API RP 14F and API RP 14FZ (Task 2)

A comparative analysis between the IEC 61892 series and API RP 14F and API RP 14FZ found similarities
and differences in several areas. Similarities exists in the general provisions, electrical equipment for
hazardous locations, emergency power systems, electrical distribution systems and, electrical
equipment, special systems for offshore installation and system checkout requirements. APl RP 14F and
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14Z, as well as the IEC all provide general design guidance for electrical systems. APl RP 14FZ and the
IEC both provide similar guidance for selection of electrical equipment in hazardous locations designated
as Class |, Zone 1 or Zone 2. For floating installations, API RP14F and API RP 14 FZ require an emergency
power system consisting of an emergency generator that is sized to supply 100% of the connected loads
that are essential for safety and can supply power continuously for 18 hours. IEC 61892 has similar
requirements for emergency power systems. Wiring methods and circuit protection described in the IEC
61892 are comparable to those indicated in API RP14F and API RP 14 FZ. Additionally, both APl and IEC
standard provides similar requirements for selection of cables, voltage drop consideration and circuit
protection. API RP 14F, API RP 14FZ and the IEC provide similar guidance for selection, control and
protection for electric motors, transformers, normal and emergency lightings, and provides general
guidance regarding the use of direct current (DC) power systems. API RP 14F and API RP 14FZ
introduces safety systems typically required for offshore production facilities such as Fire and Gas
detection, Platform safety controls, Navigation aids, Communication etc. IEC 61892 also includes
requirements for various systems. APl RP 14F, APl RP 14FZ and the IEC all provide similar requirements
for checking out electrical, control and instrumentation systems and equipment before putting them in
operation.

Differences exist in the use of explosion proof equipment, marking of equipment, electrical power
generating stations, prime movers and generators, switchboards, and certain special considerations. API
RP 14F allows explosion-proof equipment to be used in Division 1 and Division 2 locations. There is no
IEC standard for explosion-proof equipment. IEC 61892 requirements meet the recommended practices
in API RP 14FZ but not API RP 14F for the use of explosion proof equipment. Additionally, the IEC 61892
requirements do not meet the recommended practices in APl RP 14F and API RP 14FZ for Marking of
Electrical Equipment. API RP 14F and API RP 14FZ provide general guidance for sizing the prime mover
and generator and typical protections for the prime mover as well as the generator. IEC 61892 also has
requirements for the design of electrical power system as well as electrical equipment, however, it does
not provide guidance for protection of the prime mover. API RP 14F and API RP 14FZ provides general
guidance for sizing, locations of air intakes and exhaust, typical control functions and automatic
shutdown conditions for the prime mover. IEC 61892 does not meet the recommended practices
contained in APl RP14F and APl 14 FZ for protection requirements for prime movers. API RP14F and API
RP 14 FZ do not have the requirements for dividing the main bus on switchboards as described in IEC
standards. API RP 14F and API RP 14FZ recommend additional considerations for electrical installations
such as construction practices, instrumentation, lockout tagout procedures, portable electronic devices.
The IEC does not contain similar requirements.

IEC vs. API RP 500 and API RP 505 (Task 2)

A comparative analysis between the IEC 60079 series and API RP 500 and API RP 505 found the most
apparent difference is that the API RP's cover the option of Classification into Divisions or into Zones,
but IEC 60079-10-1 uses Zones exclusively. APl RP 500 incorporates the definitions of Class I, Division 1
and Division 2 from the NEC Article 500. API RP 505 incorporates the definition of Class |, Zone 0, Zone
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1, and Zone 2 from IEC 60079-10-1. IEC 60079-10-1 is a generic standard for classifying hazardous areas.
The focus of this standard is the methods, with examples and calculations, for determining the
hazardous areas for many arrangements in unspecified installations. Given the different types of
facilities handling hydrocarbons, APl RP 500/505 presents applications that are common to several
facility types as well as giving specific guidance for each type of facility (i.e., MODU, FPSO, TLP, and
others).

IEC vs. ANSI/UL (Task 3)

A comparative analysis between the IEC 60079 series and the various ANSI/UL standards was conducted
to determine similarities and difference in requirements electrical equipment used in hazardous
(classified) locations including;

e Electric Motors and Generators

o Electric Heaters

e luminaires

e Intrinsically Safe Apparatus and Associated Apparatus

e Explosion-Proof and Dust-Ignition-Proof Electrical Equipment

e (Cables and Cable-Fittings

Similarities and differences were noted among requirements for construction, performance testing, and
marking. The biggest difference was that the IEC standards do not require that compliance with
industrial standards be verified, whereas UL standards for ordinary locations have requirements that
equipment must be verified by a testing laboratory.

IEC 60079-0 vs. ANSI/ISA 60079 series (Task 4)

A comparative assessment of ANSI/ISA 60079 series of standards and the IEC 60079 series of standards
was conducted to identify areas of the IEC that either met, exceeded or did not meet the ANSI/ISA series
of standards. During the assessment, 15 different IEC standards in the 60079 series were compared to
comparable ANSI/ISA standards. The areas where major differences were noted is discussed below. A
summary of these major differences is included in Section 3 of this report with detailed discussion found
in the Task 4 report in Appendix E. Task 4 Report: Other Gap Analysis.

National Differences

The ANSI/ISA 60079 series are identical to the IEC 60079 series except for five categories of U.S. National
Differences that add, delete, or modify the IEC requirements. These categories include;

e Basic safety principles and requirements

e Safety practices

e Component standards

e Editorial comments or corrections



=jéa‘i??ABS Group

Comparative Assessment of Electrical Standards and Practices: Final Report

e National regulatory requirements
Other Differences

In addition, major differences were noted between the ANSI/ISA 60079 series of standards and the IEC
60079 series. These differences were in the following areas;

e Equipment Protection (IEC 60079 -0,-1,-2,-5,-6,-7,-11,-15,-18,and -25)

e Hazardous Areas (IEC 60079 -10)

e |Installation Practices (IEC 60079 -26,-27)

e Gas Detection Devices (IEC 60079 -29-1., -29-2)

IEC 60079 vs. FM Series (Task 4)

A comparative assessment of the FM standards with IEC 60079 series of standards was conducted to
determine similarities and difference in requirements.

e Electrical equipment installed in hazardous (classified) locations.

e Intrinsically Safe Apparatus and Associated Apparatus

e Nonincendive Electrical Equipment

e  Explosion-proof Electrical Equipment

e Purged and Pressurized Electrical Equipment

The FM Series and the IEC differ on their approach to approval and certification, the FM’s Basis for
Approval includes two aspects;
1. Verifying products meeting the performance requirements as specified in the standard(s) and
2. Evaluating product manufacturers through surveillance audit programs. Although the IEC does
establish standards for quality systems, testing laboratories, certifying body qualification, it does
not provide any attestation of conformity. This standard series defines manufacturers’
responsibilities for the products, such as type tests, routine tests, marking and instructions, etc.
Manufacturer evaluation is not included in the scope.

A summary of the major differences between the IEC 60079 series and the FM Series of standards is
contained in Section 3. Detailed analysis is contained in the Task 4 report in Appendix E.

Listing, Marking and Documentation of Equipment Installed in Hazardous Locations (AEx vs
EEx) (Task 4)

A comparative assessment of NEC Article 505, ANSI/ISA and UL 60079 series of standards and IEC 61892-
1, IEC 61892-7 and IEC 60079 series of standards was conducted to identify major differences. The
majority of the differences involved marking requirements as summarized in Section 3. For examples
two major differences are:

e NECS505, ISA and UL 60079 require AEx marking vs IEC 60079 requires symbol EEx.
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e NECS505, ISA and UL 60079 require that Class and Zone of equipment be identified in the
marking.

Detailed findings are contained in Section 3.7 and in the Task 4 report in Appendix E.

Test Standard in NRTLS vs. IEC (Task 4)

This section contains a summary of the finding and conclusions from the Task 4 comparative assessment
of the test standards in the (NRTLs) and the IEC. Detailed findings are contained in the Task 4 report in
Appendix E.

A comparative analysis was conducted among the test standards in the Nationally Recognized Testing
Laboratories NRTLs and the IEC standards for the electrical equipment for use in classified locations. One
major difference identified from the assessment is regarding the requirement for verification of
equipment for ordinary location standards.

¢ Inthe IEC 60079 series of standards ordinary location requirements are referenced so that the
equipment is constructed in accordance with the applicable safety requirements in these
industry standards. However, a clarification is given that it is not a requirement in IEC 60079
series that the compliance with these industrial standards be verified.

¢ Inthe U.S. standards, manufacturers must comply with the applicable requirements for similar
equipment for use in ordinary (unclassified) locations in addition to the hazardous area
requirements. U.S. standard ISA 60079-0 states that the equipment listed by NRTLs is considered
to meet the applicable requirements found in the ordinary location standards.

Hazardous Location Standards in IRF member countries vs. United States (Task 4)

Research was done to identify the various electrical standards used by the offshore regulators in the
International Regulators’ Forum (IRF) member countries. A summary of the findings from this research is
found below. Detailed findings are contained in the Task 4 report in Appendix E.

e Australia and New Zealand - IEC 60079 series standards are adopted with national variations,
which are known as AS/NZS 60079 series standards

e Brazil - Brazilian Ex NBR IEC standards are fully harmonized with IEC 60079 Series

e (Canada - Canada Oil and Gas Installations Regulations, SOR/96-118 refers to API RP 500 for the
classification of hazardous areas with respect to hazards caused by combustible gases on
offshore platforms

¢ Denmark and The Netherlands - Allows the use of IEC and ATEX standards for fixed offshore
installations

¢ Mexico - Mexico adopted the NEC 2011 in November 2012 with the effective date of May 30,
2013. Hence, for hazardous locations (special environments), NEC articles 500, 501, 504 and 505
should be applicable.

Vi
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¢ Norway - Allows the use of various industry standards such as NORSOK, API or other normative
documents with supplementary addendums provided in the guidelines. NORSOK Standard E-001
for electrical system is mainly based on the IEC 61892.

¢ United Kingdom - For electrical equipment in hazardous areas, internationally recognized
standards such as IEC, IECEx, NEC, APl 14/14FZ/500/505 and the ANSI/UL are accepted.

Gaps in PINCs

Analysis of the current PINCs identified some recommended modifications based on the information in
API RP 14F, 14FZ, 500 and 505. Some of the information from these standards was not contained or
referenced in four of the existing Electrical PINCs. As such, modifications to the following PINCs is

recommended;
e F-101
e F-108
e P-154
e P-173

Further analysis of the standards currently also incorporated into regulation by reference also identified
gaps among the current PINCs. To close these gaps, 26 new PINCs could be developed. Section 3.10,
and Appendix F, provide details of the analysis.

Audit Protocols

This project also involved the development of an audit protocol for inspectors to use to determine if
operations are in compliance with standards. The IEC/ISA/UL harmonized standards, as well as the NEC,
are not incorporated into BSEE’s regulations. As such, it was determined that compliance should be best
determine by use of an audit checklist.

A single combined checklist was generated instead of separate checklists for each standard in order to
expedite the audit process and reduce redundancy as several inspection items are addressed in multiple
standards. The use of an audit checklist could certainly help BSEE determine if operators are in
compliance with the standards as they conduct offshore operations. However, since the standards
included in the checklist are not incorporated by reference into BSEE’s regulation, BSEE would need to
determine its regulatory authority to enforce compliance with these standards.

United States vs. International Accreditation Practices

Another objective of the project was to assess the similarities and differences between how the United
States accredits NRTLs and how international authorities accredit independent laboratories. Based upon
the analysis, the following conclusions can be drawn:

vii
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1. NRTL applications and appeals processes involve the public at an early stage in contrast to both
the EU and IECEx whose processes are all internal until the final decision. For established NB,
ExCBs and ExTLs this difference will not affect the quality of conformity assessments or
accredited products.

2. Renewal of NRTL recognition by self-certification against their letter of recognition is a weakness
of the OSHA NRTL program in comparison to the EU and IECEx. This issue has been clarified in
the draft NRTL directive and thus will close the perceived gap.

3. NRTL requirements for test facilities are not fully met for the EU and IECEX, specifically general
security, fire protection and personnel safety. These aspects are typically covered by national (or
regional (e.g. EU)) regulations but this difference has no significant effect on quality of
conformity assessments or accredited products.

4. Independence of assessors is required in all cases but the EU and IECEx may not meet all of the
NRTL requirements. The level of independence required is currently considered sufficient to
ensure integrity of testing and assessment is maintained but the NRTL, EU and IECEx
requirements will become fully aligned when the draft NRTL directive is enacted.

5. ATEX does not provide a sufficient framework to be considered equivalent to the NRTL program
for the following major reasons:

a. Manufacturers can self-certify some low risk products
b. ATEX requires products to be either tested or made under an assessed quality
management system but not both

6. The IECEx Certified Equipment Scheme is broadly comparable to the NRTL program. ExCBs and
ExTLs can therefore be equivalent to the corresponding parts of a NRTL (ExCB for certification
and EXTL for testing). However, there remain some differences which are likely to prohibit use of
IECEx certification directly in the US without changes to the law (particularly labelling and
markings).

A discussion of the key points surrounding the analysis, along with detailed finding, are contained in the
Section 3.11 and in the Task 6 report in Appendix G.

Recommendations

From our findings and conclusions, recommendations were developed to help make BSEE’s electrical-
related regulations easier to follow, easier to enforce and more inclusive of international approaches,
where appropriate. The intent of these recommendations is to promote safer operations on the OCS,
better protection of the environment and a reduction in injuries, loss of life and property. This report
provides recommendations in five areas.

Changes to the Potential Incidents of Noncompliance (PINC)

This assessment concluded that the current list of PINCs contains gaps in BSEE’s methods of ensuring
compliance with each of the standards analyzed in Tasks 1 through 4 of this project. BSEE should review

viii
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the recommended changes to the PINCs discussed in Section 3.10 and Appendix F. These include
revisions to existing PINCs as well as the addition of new PINCs to better evaluate compliance with the
standards currently incorporated into BSEE’s regulations.

Implementation of an Audit Protocol

Neither the IEC, NEC nor ISA/UL harmonized standards are currently incorporated by reference into
BSEE’s regulations. To assess compliance with these standards, BSEE could implement an audit protocol
by using the Audit Checklist discussed above in Section 3.10 and Appendix F. This checklist will provide
inspectors with the necessary areas of focus in order to ensure BSEE facilities conduct offshore
operations in a manner that is compliant with the various international electrical standards that extend
beyond current regulation. BSEE should also review its authority to enforce these standards and provide
the appropriate enforcement guidance to inspectors and engineers.

Personnel Training

Paramount to the successful implementation of the recommended changes to the PINCs and audit
protocol, as well as an improved understanding of the domestic and international electrical standards, is
training. Inspections of electrical components and the engineering review of electrical systems during
plan review and approval require extensive knowledge of the applicable regulations and standards to
adequately ensure safety for personnel and equipment.

BSEE should provide training to inspectors and engineers on the all the U.S. and international standards
included in this project so that they are familiar with the various provisions in these standards. For
example, training scenarios could be developed that describe the current state of a electrical system,
component or piece of equipment on an offshore facility. Participants in the training would use the
PINCs and/or the audit checklist to discuss the given scenario and determine if the electrical component
is in compliance with the relevant regulation and standard. Based on their conclusion, the participants
would determine which enforcement option would be appropriate.

Reference Materials

BSEE should obtain copies of the all the U.S. and international standards referenced in this project for
use by engineers and inspectors during training and for use on the job. Additionally, BSEE should provide
inspectors and engineers with a copy of all the reports developed during this project so they can
become familiar with the differences among the U.S. and international standards.

Changes to Regulations

Since the federal regulations represent minimum requirements, BSEE may want to consider
incorporating clauses in the various standards not currently incorporated into regulations that exceed
the comparable clauses of the standards that are currently incorporated into the regulations. The Task 5
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report, contained in Appendix F, includes a recommended approach for how BSEE could incorporate
some of the standards included in this project into regulation.
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1. Introduction

1.1 Purpose of the Report

The purpose of this report is to provide a comprehensive overview of the activities performed during
this project, including a discussion of the findings and recommendations. This report will provide the
reader with an understanding of the scope of each of the electrical standards assessed, an
understanding of the differences between the standards compared, and will present exhibits that BSEE
inspectors can use to determine if operators are in compliance with these standards during offshore
operations. This report also presents a series of recommendations for BSEE to consider.

1.2 Scope of the Project

On September 16, 2016, the Bureau of Safety and Environmental Enforcement (BSEE) initiated the
Comparative Assessment of Electrical Standards and Practices with the issuance of a contract
(#E16PC00014) to ABSG Consulting, Inc. (ABSG). BSEE currently incorporates various industry standards
into regulation by reference (Title 30 Code of Federal Regulation, 250.198) and conducts inspections of
offshore oil and gas facilities to ensure compliance with regulations and incorporated standards. With
more facilities and components being manufactured overseas to international standards, determining
equivalencies between the domestic standards incorporated into the regulations and international
standards has become more challenging, especially in the area of electrical standards. The purpose of
this study was to conduct a gap analysis to compare selected domestic electrical standards to selected
international electrical standards and to develop exhibits that BSEE inspectors could use to determine
whether operators are in compliance with these standards. As part of this study the following tasks
were conducted.

. Task 1 — Gap Analysis - IEC standards vs. NEC

. Task 2 — Gap Analysis - IEC vs. APl standards

o Task 3 — Gap Analysis - IEC vs. ANSI/UL standards

o Task 4 — Other gap analysis assessments

o Task 5 — Exhibit of BSEE Personnel Using Standards for Ensuring Compliance
o Task 6 — Gap Analysis United States vs International Accreditation Practices

Through this comparative gap analysis, BSEE was seeking to determine if some of the existing
international electrical standards are equivalent to the standards currently incorporated into regulation,
exceed the current standards or if they do not meet the current standards. BSEE may use the results of
this analysis to inform the policies and regulations associated with the electrical-related standards
incorporated by reference into regulation. The ultimate goal of improved regulations is safer operations
on the OCS, resulting in better protection of the environment and a reduction in the loss of life and
property.
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1.3 Organization of the Report

Following this introduction, this report is organized into three major sections and includes a series of
Appendices, as outlined in Table 1.

Table 1: Organization of the Report
Section Contents

Section 2 — Overview | This section provides the reader with an overview of the approach and

of Activities activities performed to conduct the comparative assessment of the electrical
Performed standards. It also provides an overview of the approach used to develop the
exhibits for BSEE personnel to use as they conduct compliance activities of
offshore oil and gas activities. Section 3 also provides abstracts of all of the
electrical standards included in the scope of work for this project. These
abstracts will assist the reader in gaining a general understanding of the
contents of each standard.

Section 3 — Findings This section provides summary of the findings and conclusions from each of
and Conclusions the gap assessment conducted. Detailed analysis and conclusions for these
assessments are contained in the various appendices, which contain the full
comparative assessment reports.

Section 4 - This section contains a summary of the recommendations for BSEE to
Recommendations consider in six areas.
Appendices This report also includes seven appendices that contain the full task reports

that were developed throughout the project. Appendix A contains abstracts
of the U.S. and IEC standards that were analyzed as part of this project.
These abstracts provide the reader with a general understanding and
awareness of the scope of each of the standards.

The reports contained in Appendices B, C, D and E are structured to
summarize the results of the comparative assessments for selected electrical
standards. Each report contains sections that provide a brief overview of the
standard’s subject area, a table highlighting the assessment results followed
by analysis where there are differences between the baseline United States
standard and the international standard. Each report also includes their own
appendices that provide the detailed results of the comparative assessment.

Appendix F contains the Task 5 report, which includes exhibits of how BSEE
personnel can use the standards to determine compliance. These exhibits
included recommended changes to list of Potential Incidents of
Noncompliance (PINC) and a proposed audit protocol for BSEE field and
office personnel.
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Section Contents

Appendix G contains the results of the comparison between the
accreditation practices for independent testing laboratories in the United
States and international countries.

2. Overview of Activities Performed

2.1 Approach to Conducting the Gap Analysis

The purpose of the gap analysis was to determine if a series of selected international electrical
standards either meet, exceeded or did not meet the requirements contained in a similar set of
standards issued by Standards Development Organizations in the United States. To conduct the
analysis, ABSG developed a Standards Analysis Template to facilitate the comparative assessment. The
Standards Analysis Template was used to map the domestic baseline standards to the comparable
sections of the international standards. The Standards Analysis Template incorporated an Impact Type
criteria, (Table 2) which allowed for a side-by-side comparison of each section of the domestic baseline
standards to the comparable section of the international standards. Lastly, the Standards Analysis
Template included an analysis section for the subject matter expert (SME) to provide comments on the
impact category that was selected. The comments include a justification of each impact type
designation (meets, exceeds, or does not meet), descriptions of similar provisions, and additional
requirements or shortfalls. The completed analysis templates are provided in the appendices to each
report.

Table 2: Impact Type Criteria
Impact Category Description

Type 1 - Exceeds The International Electrotechnical Commission standards exceed the
standards currently used by BSEE

Type 2 - Meets The International Electrotechnical Commission standards meet the
standards currently used by BSEE

Type 3 - Does Not Meet The International Electrotechnical Commission standards does not meet
the standards currently used by BSEE

During Tasks 1, 2 add 3, a gap analysis was conducted compare the International Electrotechnical
Commission (IEC and IEC Ex) series of standards to standards the National Electric Code (NEC), various
standards issued by the American Petroleum Institute (APl) and standards issued by the American

National Standards Institute (ANSI). See Figure 1. The results of each task were documented in reports,
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which are included in the Appendix B, C and D of this final report. These reports include the results of
the comparative assessments, summary conclusions and the completed analysis templates.

Figure 1 Gap Analysis - IEC to Selected United States Standards

. Report

Report

Tasks 4 consisted of a gap analysis among a number of standards to determine if the elements and

standards met, exceeded or did not meet the other. In task 4, special emphasis was made on the
following topics, as illustrated in Figure 2;

e ANSI/ISA 60079 series compared to the IEC 60079 series of standards

e Listing, marking and documentation of equipment installed in hazardous locations

e Factory Mutual (FM) approval standards compared to the IEC 60079 series of standards

e Test standards in Nationally Recognized Testing Laboratories (NRTL)

e Standards used in the International Regulators’ Forum (IRF) member countries to various U.S.
and international standards.
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Figure 2 Other Gap Analysis
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The results of this gap analysis are contained in a report in Appendix E. The report includes the results of
the comparative assessments, summary conclusions and the completed analysis templates.

Finally, Task 6 involved a comparative assessment to determine the similarities and differences between
how the U.S. Occupational Safety and Health Administration (OSHA) accredits Nationally Recognized
Testing Laboratories (NRTL) and how international authorities accredit independent testing laboratories.

See Figure 3. This task involved considering how the European Committee for Electrotechnical
Standardization (CENELEC) accredits independent testing laboratories, including the;

e British Approval Service for Electrical Equipment in Flammable Atmospheres (BASEEFA)
e Physikalisch-Technische Bundesanstalt (PTB) in Germany and the
e lLaboratorie Central des Industries Electriques (LCIE) in France
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Figure 3 United States vs. International Accreditation Practices
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The results of this gap analysis are contained in a report in Appendix G. The report includes the results of
the comparative assessments, summary conclusions and the completed analysis templates.

2.2 Approach to Developing Compliance Exhibits

Task 5 involved demonstrating how BSEE’s field and office personnel could use each of the IEC, NEC,
ANSI and various APl standard to determine whether operators are in compliance. See Figure 4. This
task focused on areas including installation and maintenance of equipment, safe work practices and
operating procedures. During this task, the IEC, NEC, ANSI and API standards were compared to existing
regulations in Title 30, Code of Federal Regulations, Part 250 to determine BSEE’s regulatory authority.
Next, the existing list of electrical-related PINCs were reviewed to determine if changes to PINCs were
needed or if new PINCs needed to be developed. For standards not incorporated into regulation by
reference, audit protocols and an audit checklist were developed for use by BSEE's field and office
personnel.

Figure 4 Using Standards to Determine Compliance
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Appendix F includes the Task 5 report, which contains recommended changes to existing PINCs as well

as a list of recommended new PINCs. The Task 5 report also contains a recommended audit checklist.

2.3

Abstracts of Selected Electrical Standards

As discussed above, this project involved conducting a comparative assessment of various U.S. and IEC

standards. Appendix A contains abstracts of each of the standards compared as part of the electrical

standards comparative assessment to provide the reader with a general understanding of the scope of
each of the standards. The following tables provide the list of U.S. standards and the associated IEC
standard used in the comparative assessment throughout this project. Table 3 provides a list of the

baseline standards that were compared to various IEC standards.

Table 3: Baseline and IEC standards used for comparative assessments

Baseline Standards IEC Standards

Task 1
NFPA 70®: National Electrical Code® (NEC)

IEC 60079-0 Explosive atmospheres - Part O:
Equipment — General requirements (Ed. 6.0: 2011-06)
IEC 60079-1 Explosive atmospheres — Part 1:
Equipment protection by flameproof enclosures “d”
IEC 60079-7 Explosive atmospheres — Part 7:
Equipment protection by increased safety "e"

IEC 60079-10-1 Explosive atmospheres — Part 10-1:
Classification of areas — Explosive gas atmospheres
IEC 60079-11 Explosive atmospheres — Part 11:
Equipment protection by intrinsic safety "i"

IEC 60079-14 Explosive atmospheres — Part 14:
Electrical installations design, selection and erection
IEC 60079-25 Explosive Atmospheres - Part 25:
Intrinsically Safe Electrical Systems

Task 2

API RP 14F - Design, Installation, and
Maintenance of Electrical Systems for Fixed and
Floating Offshore Petroleum Facilities for
Unclassified and Class 1, Division 1 and Division
2 Locations (Fifth edition, July 2008, Reaffirmed,
April 2013)

API RP 14FZ - Recommended Practice for Design
and Installation of Electrical Systems for Fixed
and Floating Offshore Petroleum Facilities for
Unclassified and Class |, Zone 0, Zone 1 and
Zone 2 Locations 1 and Division 2 Locations
(First edition, September 2001, Reaffirmed
March 2007)

IEC 61892, Mobile and fixed offshore units — Electrical
installations:

IEC 61892-1 Part 1: General requirements and
conditions (Ed. 3.0: 2015-07)

IEC 61892-2, Part 2: System design(Ed. 2.0 2012-03)
IEC 61892-3, Part 3: Equipment (Ed. 3.0 2012-03)
IEC 61892-4, Part 4: Cables (Ed. 1.0 2007-06)

IEC 61892-5, Part 5: Mobile Units (Ed. 3.0 2014-11)
IEC 61892-6, Part 6: Installation (Ed. 3.0 2013-12)
IEC 61892-7, Part 7: Hazardous Areas (Ed. 3.0 2014-
12)
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Baseline Standards IEC Standards

Task 2

API RP 500 - Recommended Practice for
Classification of Locations for Electrical
Installations at Petroleum Facilities Classified as
Class I, Division 1 and Division 2, (Second
edition, November 1997, Reaffirmed: November
2002)

API RP 505 - Recommended Practice for
Classification of Locations for Electrical
Installations at Petroleum Facilities Classified as
Class I, Zone 0, Zone 1, and Zone 2 (First edition,
November 1997, Reaffirmed August 2013)

IEC 60079-0 Explosive atmospheres - Part O:
Equipment — General requirements (Ed. 6.0: 2011-06)

IEC 60079-10-1 Explosive atmospheres - Part 10-1:
Classification of areas — Explosive gas atmospheres
(Ed. 2.0: 2015-09)

Task 3

UL 674 Ed. 5 May 31, 2011

Standard for Safety for Electric Motors and
Generators for Use in Hazardous (Classified)
Locations (Revised on May 19, 2017)

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

IEC 60079-1 Explosive atmospheres — Part 1:
Equipment protection by flameproof enclosures “d”

IEC 60079-10-1 Explosive atmospheres — Part 10-1:
Classification of areas — Explosive gas atmospheres

IEC 60079-14 Explosive atmospheres — Part 14:
Electrical installations design, selection and erection

Task 3

UL 823 Ed. 9 October 20, 2006, Standard for
Safety for Electric Heaters for Use in Hazardous
(Classified) Locations (Reaffirmed on April 22,
2016)

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

IEC 60079-1 Explosive atmospheres — Part 1:
Equipment protection by flameproof enclosures “d”

IEC 60079-10-1 Explosive atmospheres — Part 10-1:
Classification of areas — Explosive gas atmospheres

IEC 60079-14 Explosive atmospheres — Part 14:
Electrical installations design, selection and erection
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Baseline Standards IEC Standards

Task 3

UL 844 Ed. 13 June 29, 2012, Standard for
Luminaires for Use in Hazardous (Classified)
Locations (including revisions through March
11, 2016)

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

IEC 60079-1 Explosive atmospheres — Part 1:
Equipment protection by flameproof enclosures “d”

IEC 60079-10-1 Explosive atmospheres — Part 10-1:
Classification of areas — Explosive gas atmospheres

IEC 60079-14 Explosive atmospheres — Part 14:
Electrical installations design, selection and erection

Task 3

UL 913 Ed. 8 December 06, 2013, Standard for
Safety for Intrinsically Safe Apparatus and
Associated Apparatus for Use in Class 1, I, 11,
Division 1, Hazardous (Classified) Locations
(including revisions through October 16, 2015)

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

IEC 60079-11 Explosive atmospheres — Part 11:
Equipment protection by intrinsic safety "i"

Task 3

UL 1203 Ed. 5 November 22, 2013, Standard for
Safety for Explosion-Proof and Dust-Ignition-
Proof Electrical Equipment for Use in Hazardous
(Classified) Locations (including revisions
through October 16, 2015)

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

IEC 60079-1 Explosive atmospheres — Part 1:
Equipment protection by flameproof enclosures “d”

IEC 60079-10-1 Explosive atmospheres — Part 10-1:
Classification of areas — Explosive gas atmospheres

IEC 60079-14 Explosive atmospheres — Part 14:
Electrical installations design, selection and erection

Task 3

UL 2225 Ed. 4 September 30, 2013, Standard for
Safety for Cables and Cable-Fittings for Use In
Hazardous (Classified) Locations (including
revisions through March 24, 2017)

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

IEC 60079-1 Explosive atmospheres — Part 1:
Equipment protection by flameproof enclosures “d”

IEC 60079-7 Explosive atmospheres — Part 7:
Equipment protection by increased safety "e"

Task 4

FM 3600: Approval Standard for Electrical
Equipment for Use In Hazardous (Classified)
Locations - General Requirements (2001-12)

IEC 60079-0 Explosive atmospheres — Part 0:
Equipment — General Requirements (Ed. 6, 2011-06)
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Baseline Standards IEC Standards

Task 4

FM 3610: Approval Standard for Intrinsically
Safe Apparatus and Associated Apparatus for
Use in Class |, Il & Ill, Division 1, Hazardous
(Classified) Locations (2015-12)

IEC 60079-11 Explosive atmospheres — Part 11:
Equipment Protection by Intrinsic Safety "i" (Ed. 6,
2011-06)

Task 4

FM 3611: Approval Standard for Nonincendive
Electrical Equipment for Use in Class | and I,
Division 2 and Class Ill, Divisions 1 and 2
Hazardous (Classified) Locations (2016-12)

IEC 60079-15 Explosive atmospheres — Part 15:
Equipment Protection by Type of Protection "n" (Ed. 4,
2010-01)

Task 4

FM 3615 Approval Standard for Explosionproof
Electrical Equipment General Requirements
(2006-08)

IEC 60079-1 Explosive Atmospheres - Part 1:
Equipment Protection by Flameproof Enclosures "d"
(Ed. 7, 2014-06)

Task 4

FM 3620: Purged and Pressurized Electrical
Equipment for Hazardous (Classified) Location
(2014-12)

IEC 60079-2 Explosive Atmospheres Part 2: Equipment
Protection by Pressurized Enclosures "p" (Ed. 6, 2014-
07)

Task 6

OSHA Regulations, Standards 29 CFR, 1910.7
Definition and requirements for a nationally
recognized testing laboratory. (including
Appendix A)

OSHA Instruction (Directive) CPL 01-00-003
(1999) NRTL Program Policies, Procedures, and
Guidelines

OSHA NRTL Program - Application Guidelines,
October 2000

ISO/IEC 17011:2004(E) Conformity assessment —
General requirements for accreditation bodies
accrediting conformity assessment bodies

ISO/IEC 17025:2005 General requirements for the
competence of testing and calibration laboratories

ISO/IEC 17065:2012 Conformity assessment —
Requirements for bodies certifying products, processes
and services

Table 4 contains a list of the ISA/UL 60079 standards compared to IEC 60079 standards that were

assessed.

Table 4: ISA/UL 60079 standards compared to IEC 60079 standards (Task 4)

U.S. Standard

ANSI/ISA-60079-0

(12.00.01) Ed. 6, 2013 Requirements

Explosive Atmospheres - Part 0: Equipment - General

U.S. Title IEC Standard
IEC 60079-0 Ed. 6,

2011-06

10
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U.S. Standard

U.S. Title

IEC Standard

UL-60079-1, Ed. 7,
September 18, 2015

Explosive Atmospheres - Part 1: Equipment Protection
by Flameproof Enclosures "d"

IEC 60079-1 Ed. 7,
2014-06

UL-60079-2, Ed. 6, June
2,2017

Explosive Atmospheres - Part 2: Equipment Protection

",n

by Pressurized Enclosures "p

IEC 60079-2 Ed. 6,
2014-07

ANSI/UL 60079-5, Ed. 4,

Explosive Atmospheres - Part 5: Equipment Protection

IEC 60079-5 Ed. 4,

April 29, 2016 by Powder Filling "q" 2015-02
ANSI/UL 60079-6 Ed. 4, Explosive Atmospheres - Part 6: Equipment Protection IEC 60079-6 Ed. 4,
April 29, 2016 by Oil Immersion "o" 2015-02

UL-60079-7, Ed. 5,
February 24, 2017

Explosive Atmospheres - Part 7: Equipment Protection
by Increased Safety "e"

IEC 60079-7 Ed. 5,
2015-06

ANSI/ISA-60079-10-1, Ed.
5, February 24, 2017
(12.24.01) Ed. 1, 2014

Explosive Atmospheres — Part 10-1: Classification of
Areas — Explosive Gas Atmospheres

IEC 60079-10-1 Ed.
2,2015-09

ANSI/ISA-60079-11
(12.02.01) Ed. 6.2, 2014

Explosive Atmospheres - Part 11: Equipment Protection
by Intrinsic Safety "i"

IEC 60079-11 Ed. 6,
2011-06

ANSI/ISA-60079-15
(12.12.02) Ed. 4, 2012

Explosive Atmospheres - Part 15: Equipment Protection
by Type of Protection "n"

IEC 60079-15 Ed. 4,
2010-01

ANSI/UL 60079-18 Ed. 4
December 14, 2015

Explosive Atmospheres - Part 18: Equipment Protection
by Encapsulation "m"

IEC 60079-18 Ed. 4,
2014-12

ANSI/ISA-60079-25
(12.02.05)-2011

Explosive Atmospheres - Part 25: Intrinsically Safe
Electrical Systems

IEC 60079-25 Ed. 2,
2010-02

ANSI/UL 60079-26 Ed. 3,
April 21, 2017

Explosive Atmospheres - Part 26: Electrical Apparatus
for Use in Class I, Zone 0 Hazardous (Classified)
Locations

IEC 60079-26 Ed. 3,
2014-10

ANSI/ISA-60079-27
(12.02.04)Ed. 1, 2006

Explosive Atmospheres — Part 27: Fieldbus Intrinsically
Safe Concept (FISCO) and Fieldbus Non-Incendive
Concept (FNICO)

IEC 60079-27 Ed. 1,
2005-04

ANSI/ISA-60079-29-1
(12.13.01) Ed. 1, 2013

Explosive Atmospheres - Part 29-1: Gas Detectors -
Performance Requirements of Detectors for Flammable
Gases

IEC 60079-29-1 Ed.
1 2007-08

ANSI/ISA-60079-29-2
(12.13.02)-2012

Explosive Atmospheres - Part 29-2: Gas Detectors -
Selection, Installation, Use and Maintenance of
Detectors for Flammable Gases and Oxygen

IEC 60079-29-2 Ed.
2,2015-03
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3. Findings and Conclusions

Given the large number of standards analyzed during the course of this project it is difficult to come to
an overall conclusion from the comparative assessments that were conducted. As such, Section 3
provides a summary of the findings and conclusions for each of the standards analyzed. Detailed
analysis and conclusions are contained in the individual Task reports found in the appendices to this
report, as shown in Table 5.

Table 5: Detailed Findings and Conclusions for Comparative Assessments and Exhibits
Comparative Assessment and Exhibits Location of Findings and Conclusions

IEC vs. NEC Appendix B
IEC vs. API 14F, APl 14FZ, API 500 and API 505 Appendix C
IEC vs. ANSI/UL Appendix D

IEC 61892 vs. ANSI/ISA 60079 & ANSI/NFPA 70 Appendix E
IEC 60079-0 vs. ANSI/ISA 60079 series

IEC 60079 vs. FM Series

Test Standard in NRTLS vs. IEC

Hazardous Location Standards in IRF member
countries vs. United States

Exhibit of BSEE Personnel Using Standards for Appendix F
Ensuring Compliance

United States vs. International Accreditation Appendix G
Practices

3.1 IECvs.NEC (Task 1)

This section contains a summary of findings and conclusions from the Task 1 comparative assessment of
the NEC vs IEC 60079-10-1. Detailed findings are contained in the Task 1 report in Appendix B. Task 1
Report: IEC vs NEC Gap Analysis

In general, the definitions and basis for the Zone method classification in NEC Article 505 and IEC 60079
series of standards are very similar. The Division method in NEC Article 500 is not covered by the IEC
60079 series of standards, however it is comparable to the NEC Zone method. Division 2 is equivalent to
Zone 2, while Division 1 is either Zone 0 or Zone 1. Zone 0 is reserved for areas with continuous
presence of flammable gas/vapor, which falls into Division 1 category since there is no separate category
as Division 0. The gas groups A and B from the Division method are equivalent to gas group IIC in Zone
method. Also, Gas group Cis equal to group IIB and gas group D is equal to IIA.

IEC 60079 does not identify some of the protection techniques contained in the NEC, such as explosion
proof equipment. Part 1 of the IEC 60079 discusses explosive atmosphere and contains provisions for
equipment protection by flameproof enclosures. This part of the IEC provides requirements on
flameproof enclosures, which is comparable to explosion proof enclosure described in the NEC.
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However, there are differences between explosion proof enclosures used in NEC Article 500 and
flameproof enclosures used in IEC 60079-1. The explosion proof enclosures in NEC Article 500 are
individually factory tested to four times the maximum pressure that is released in an explosion, whereas
the flameproof enclosures are referenced in IEC 60079-1 are tested to 1.5 times the maximum pressure
that is released in an explosion.

IEC standard does not require the equipment to be marked with Class |. However, class marking can be
identified based on group type indicated on the equipment label. In addition, IEC 60079 does not
require the equipment to be marked with type of Zone such as Zone 0, Zone 1 or Zone 2. However, zone
classification can be identified based on the type of protection used for the equipment. For example,
protection type code 'ia' is suitable for installation in Zone 0, whereas protection type code 'ib' is
suitable for installation in Zone 1.

NEC doesn't contain any guidance or requirements regarding the criteria for the gas dispersion models.
However, a national standard such as NFPA 59A, Standard for the Production, Storage, and Handling of
Liquefied Natural Gas (LNG), refers to a model described in GRI Report 0242. IEC 60079-10-1 describes
different methods that can be used to classify a hazardous area. Three methods are called simplified
methods, classification by sources of release and combination methods. Any of these methods can be
considered based on the physical factors and practical application of it.

3.1.1 Wiring methods

The requirements in the NEC are specific with regard to type of the wiring permitted in different types of
hazardous locations. Wiring methods covered by the IEC standard are general and don’t provide as
much detail as in the NEC. IEC 60079-14 provides some information about grounding. For example, the
conduit system is allowed to be used as a protective earthing conductor (Equipment grounding
conductor) provided that the threaded junction is suitable to carry the fault current. The NEC requires a
separate equipment grounding conductor or equipment bonding jumper whereas the IEC allows the
conduit system to be used as the equipment grounding conductor.

3.1.2 Surge protection

NEC Article 501.35 Surge Protection, contains some requirements about the surge protection devices
installation in hazardous area. For Class I, Division 1 locations, surge arresters, surge-protective devices
and capacitors shall be installed in enclosure identified for Class I, Division 1 location. Also, surge
protective capacitors shall be of a type designed for specific duty. For Class |, Division 2 locations, surge
arresters and surge-protective devices shall be non-arcing, such as metal-oxide varistor (MOV) sealed
type. Enclosures shall be permitted to be of the general-purpose type. In general, IEC 60079 series does
not contain many requirements about the surge arresters except in Annex F of IEC 60079 part 25. Annex
F provides information on use of surge arrester protect against lightning induced surges.
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3.1.3 Protecting equipment from ingress of solid foreign objects

IEC 60529 Degrees of Protection Provided by Enclosures (IP Code), defines the degree of protection
provided by an enclosure. The enclosure rating is indicated by the IP Code. The enclosures are to protect
against the incoming solid foreign objects as well as against the harmful effects of ingress water. The
enclosure ratings in IEC is provided with the combination of two digits, i.e. IP22. First digit indicates the
level of protection against the solid objects and the second digit indicates the level of protection against
water.

The degree of protection provided by an enclosure that is identified by IP rating is comparable to the
enclosure type number identified in NEC Table 110.28. For example, an enclosure with IP 22 rating is
comparable to Type 2 enclosures indicated in the NEC. For most part the degree of protection provided
by an enclosure with IP code is comparable to the type rating of the enclosure identified in NEC.
However, there are enclosures with enclosure type rating 4X and 7, for which there are no equivalent
enclosures identified by IP rating.

3.1.4 Design criteria for submarine cables used for subsea production equipment.

The NEC does not contain any requirements for the submarine cables. NEC Article 340 Underground
Feeder and Branch-Circuit Cable: Type UF, provides the information on the use, installation and
construction specifications for underground cables and branch-circuit cables and does not provide any
information on submarine cables. Similarly, there is no specific IEC standard that provides requirements
for submarine cables. The API SPEC 17E, Specification for Subsea Umbilicals and IEEE 1120, IEEE Guide
for the Planning, Design, Installation, and Repair of Submarine Power Cable Systems provide design
criteria for submarine cables.

3.2 IECvs. APIRP 14F and API RP 14FZ (Task 2)

This section contains a summary of the findings and conclusions from the Task 2 comparative
assessment of API RP 14F and API RP 14FZ vs IEC 61892. Detailed findings are contained in the Task 2
report in Appendix C. Task 2 Report: IEC vs. APl Gap Analysis.

API RP 14F, titled "Recommended Practice for Design and Installation of Electrical Systems for Fixed and
Floating Offshore Petroleum Facilities for Unclassified and Class |, Division 1 and Division 2 Locations,"
contains recommended practices for electrical systems on offshore petroleum facilities. This RP
identifies features of offshore electrical systems and recommends generally accepted practices for
electrical design and installation in the offshore industry. Area classification for locations are defined in
Article 500 of the U.S. NEC.

API RP 14FZ, titled “Recommended Practice for Design and Installation of Electrical Systems for Fixed
and Floating Offshore Petroleum Facilities for Unclassified and Class |, Zone 0, Zone 1 and Zone 2
Locations," contains recommended practices for electrical systems on offshore petroleum facilities. This
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RP identifies features of offshore electrical systems and recommends generally accepted practices for
electrical design and installation in the offshore industry. Area classification for locations are defined in
NEC Article 505.

The comparable IEC standard to APl RP 14F and API RP 14 FZ is the IEC 61892 standard. This standard
provides guidance for the design and installation of electrical systems for the offshore petroleum
industry. IEC 61892 is a seven (7) parts standard intended to provide safe practices for the design and
installation of electrical systems for offshore units. The standard can be applied to pipeline, pumping or
'pigging' stations, compressor stations and exposed location single buoy moorings, used in the offshore
petroleum industry for drilling, processing and storage purposes drilling units and production platforms.
This standard has a common title of “Mobile and fixed offshore units — Electrical installations” for all 7
parts. Each part has a unique title as follows:

Part 1: General requirements and conditions
Part 2: System Design

Part 3: Equipment

Part 4: Cables

Part 5: Mobile units

Part 6: Installation

Part 7: Hazardous Areas

The IEC classifies hazardous areas as either zone 0, zone 1 or zone 2 in IEC 60079-10-1. These area
classifications are equivalent to Class |, Zone 0, Zone 1 and Zone 2 defined by the U.S. National Electrical
Code Article 505. API RP 14F was written for electrical installations on offshore facilities where areas are
classified by the division method and the IEC standards only recognize the zone method of area
classification, making it difficult to make a direct comparison between the two approaches. In these
cases, the requirements in the IEC standard were compared with those in the APl standard to determine
if an equivalent level of safety can be achieved by following the IEC standard.

The scope of the comparative assessment between the APl RP 14F and API RP 14FZ with the IEC
Standard 61892 included the topics such as General provisions, Electrical equipment for hazardous
(classified) locations, Electrical power generating stations, Electrical distribution systems, Electrical
equipment, Special systems, Special considerations, System checkout.

3.2.1 General Provisions

Both API RP 14F and 14Z provide general design guidance for electrical systems but refer to the NEC for
detailed requirements with only a few deviations specifically stated in the RPs. These RPs also refer to
the 46 CFR Chapter I, Subchapter J for systems that are regulated by the USCG and BSEE. Electrical
equipment design and construction typically refer to other recognized industry standards such as ANSI,
IEEE, API, etc.
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IEC 61892 also refers to other IEC or international standards for detailed requirements for some specific
systems or equipment. Since it is intended to be an international standard, it does not refer to any
standards such as UL, ANSI, etc. specifically used by a single country or countries in a region.

3.2.2 Electrical Equipment for Hazardous (Classified) Locations

API 14 F provides guidance for selection of electrical equipment in hazardous locations designated as
Class I, Division 1 or Division 2. Different types of protection techniques such as explosion-proof,
hermetically sealed, intrinsically safe, non-incendive and purged enclosures are included. Reference is
made to UL913 for intrinsically safe and NFPA 496 for purged enclosures. Although NEC is applicable for
electrical installations on offshore facilities, APl RP 14F does not permit isolating switches for a
transformer to be installed within general purpose enclosure located in Division 2 area. This is a
deviation from the NEC.

API RP 14FZ provides guidance for selection of electrical equipment in hazardous locations designated as
Class I, Zone 1 or Zone 2. Additional protection techniques such as flameproof, increased safety, oil
immersion, etc. are introduced along with the ISA standards specified for these protection techniques.
Also, reference is made to NFPA 496 and IEC 60079-2 for purged enclosures and UL 913 and IEC 60079-
11 for intrinsic safety system requirements.

IEC 61892 part 7 provides guidance for the selection of electrical equipment in hazardous areas. To
determine which type of protection technique is acceptable for a particular hazardous area, IEC 60079-
14 should be consulted as this standard has tables listing the acceptable protection methods for Zone 0,
1 and 2. IEC 61892-7 permits only equipment certified to IEC 60079 to be installed in hazardous areas
and such equipment must have a certificate issued by a recognized certifying body.

API RP 14F and API RP 14FZ requires high temperature devices (operating temperature exceeds 80% of
the auto ignition temperature of the flammable gas involved) that have not been certified by a
nationally recognized testing laboratory (NRTL) for a specific temperature rating to be installed inside
explosion-proof, flameproof or purged enclosures. IEC 61892 part 7 requires all equipment installed in
hazardous locations to be certified according to IEC 60079, and the certified equipment will be marked
showing the temperature code assigned to the equipment.

API RP 14F allows explosion-proof equipment to be used in Division 1 and Division 2 locations. There is
no IEC standard for explosion-proof equipment. The only IEC standard that is comparable is the IEC
60079-1 for flameproof equipment. Equipment certified to this IEC standard is approved for Zone 1 and
Zone 2 locations. The testing requirements for the explosion-proof equipment are higher than the
testing requirements for the flame-proof equipment. IEC 61892 requirements meet the recommended
practices in APl RP 14FZ but not API RP 14F for this subject.

AP| RP 14F, marking of Division equipment is required to show the class and division, gas group and
operating temperature or temperature range. APl RP 14FZ requires marking for zone equipment to
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show class and zone, the symbol AEx, the protection technique, gas group and temperature code. IEC
certified equipment will have marking showing Ex symbol, protection technique, gas group and
temperature code. The area classification and zone is not required by IEC for marking of equipment. IEC
61892 requirements do not meet the recommended practices in API RP 14F and API RP 14FZ for Marking
of Electrical Equipment.

3.2.3 Electrical Power Generating Stations

API RP 14F and API RP 14FZ provide general guidance for sizing the prime mover and generator and
typical protections for the prime mover as well as the generator. Basic design requirements and
construction standards for electrical switchboards are also included. For floating facilities, additional
requirements are contained in U.S. Coast Guard regulations in Title 46 Code of Federal Regulations,
Subpart 58.10. The USCG regulations and class rules for floating facilities require an independent
emergency generator and switchboard.

IEC 61892 also has requirements for the design of electrical power system as well as electrical
equipment in Part 2 and Part 3 of the series, respectively. However, it does not provide guidance for
protection of the prime mover. IEC 61892 requires at least two (2) generators for the main power
system and also an independent emergency power generator and switchboard.

3.2.4 Prime Movers and Generators

API RP 14F and API RP 14FZ require generators to be designed to perform in accordance with National
Electrical Manufacturers Association — Motors and Generators (NEMA MG1), while the IEC standard
requires generators to comply with IEC 60034-1. The National Electrical Manufacturers Association
Motors and Generators (NEMA MG1) and the IEC 60034 have the similar performance requirements. API
RP 14F and API RP 14FZ provides general guidance for sizing, locations of air intakes and exhaust, typical
control functions and automatic shutdown conditions for the prime mover. IEC 61892 does not meet the
recommended practices contained in APl RP14F and API 14 FZ for protection requirements for prime
movers.

3.2.5 Switchboards

API RP 14F and API RP 14FZ require low voltage switchboards to be dead front type meeting UL 891;
ANSI/IEEE C37.20.1 and ANSI/IEEE C37.20.2. The IEC standard requires switchgear and control-gear to
comply with JEC 61439-1 and IEC 62271. API RP14F and API RP 14 FZ do not have the requirements for
dividing the main bus as described in IEC standards. IEC 61892 requirements for switchboards exceed
the recommended practices contained in API RP14F and APIRP 14 FZ

3.2.6 Emergency Power System

For floating installations, API RP14F and API RP 14 FZ require an emergency power system consisting of
an emergency generator that is sized to supply 100% of the connected loads that are essential for safety
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and can supply power continuously for 18 hours. IEC 61892 has similar requirements for an emergency
power system, however, it also offers an alternative arrangement without a specific emergency power
source provided the main source of power is located in two or more spaces which have their own
completely independent systems, including power distribution and control systems, such that a fire or
other casualty in any one space will not affect the power distribution from the other spaces. IEC 61892
requirements for Emergency Power System meets the recommended practices contained in APl RP14F
and API RP 14 FZ.

3.2.7 Electrical Distribution Systems

Wiring methods and circuit protection described in the IEC 61892 are comparable to those indicated in
APl RP14F and API RP 14 FZ. Additionally, both API and IEC standard provides similar requirements for
selection of cables, voltage drop consideration and circuit protection. For working space around
electrical equipment, both API RP 14F and API RP 14FZ refer to NEC Article 110 Requirements for
Electrical Installations for minimum clear working space. The required depth of working space varies
depending on the voltage class of the equipment. The NEC requires greater working space depth for
higher voltage class equipment. The IEC standard does not have similar requirements.

3.2.8 Electrical Equipment

API RP 14F and API RP 14FZ provide guidance for selection, control and protection for electric motors,
transformers, normal and emergency lightings, and provides general guidance regarding the use of
direct current (DC) power systems. Specific standards are included for electric motors and transformer.
IEC 61892 provides construction standards for many types of electrical equipment. Part 2, Clause 11 of
the IEC standard explains the differences between general lighting, emergency lighting and escape
lighting. Minimum illumination levels required for different types of areas are also provided. Based on
the assessments, it is concluded that the IEC 61892 meets the API RP 14F and APl RP 14FZ requirements
for electrical equipment.

3.2.9 Special Considerations

API RP 14F and API RP 14FZ recommend additional considerations to be taken in the selection of
materials for electrical installations such as construction practices, instrumentation, lockout tagout
procedures, portable electronic devices etc. IEC 61892 does not include a dedicated section for the
listed considerations although the considerations are addressed throughout Parts 1, 3, 6 and 7 of IEC
61892. Based on the analysis, IEC 61892 meets the considerations of API RP 14F and API RP 14FZ.

3.2.10 Special Systems

API RP 14F and API RP 14FZ introduces safety systems typically required for offshore production facilities
such as Fire and Gas detection, Platform safety controls, Navigation aids, Communication etc. IEC 61892
also includes requirements for various systems. Safety critical systems are required to have a high
degree of availability. For some of the systems such as navigation aids, oil-immersion heaters, power
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operated winches for survival craft, power-operated watertight doors, hull mechanical system controls,
general alarm system, and cathodic protection system IEC 61892 requirements do not meet the
recommended practices contained in API RP14F and API 14 FZ

AP| RP 14F and API RP 14FZ recommends a minimum 6 air changes per hour for cargo handling rooms.
IEC 61892 references to the IEC standard 60092-502 which requires minimum of 20 air changes per hour
ventilation requirement. Therefore, the IEC requirements for cargo handling rooms exceeds the
recommended practices contained in API RP14F and API 14 FZ.

3.2.11 System Checkout

API RP 14F and API RP 14FZ provide the minimum requirements for checking out electrical, control and
instrumentation systems and equipment before putting them in operation. IEC 61892 also provides
inspection and testing requirements for electrical systems and equipment after installation is
completed. Based on the comparative assessment, IEC61892 meets the requirements in the API RP 14F
and API RP 14FZ for system checkout procedures.

3.3 IECvs.APIRP 500 and API RP 505 (Task 2)

This section contains a summary of the findings and conclusions from the Task 2 comparative
assessment of API RP 500 and API RP 505 vs IEC 60079-10-1. Detailed findings are contained in the Task
2 report in Appendix C.

AP| RP 500, titled “Recommended Practice for Classification of Locations for Electrical Installations at
Petroleum Facilities Classified as Class I, Division 1 and Division 2," contains recommended practices for
classifying locations Class |, Division | and Class |, Division 2 at petroleum facilities for the selection and
installation of electrical equipment.

API RP 505, titled "Recommended Practice for Classification of Locations for Electrical Installations at
Petroleum Facilities Classified as Class |, Zone 0, Zone 1, and Zone 2," contains recommended practices
for classifying locations Class |, Zone 0, Zone 1, and Zone 2 locations at petroleum facilities for the
selection and installation of electrical equipment.

The comparable IEC standard to APl RP 500 and API RP 505 is the IEC 60079-10-1 standard. The IEC
60079-10-1 standard provides guidance for classification of areas where flammable gas or vapor hazards
may arise and may then be used as a basis to support the proper selection and installation of equipment
for use in hazardous areas. IEC standard 60079-10-1 is not specifically written for petroleum facilities,
however, it does pertain to the classification of areas where there are risks of ignition due to presence
of flammable gas, liquid or vapor. Both APl RP 500/API RP 505 and IEC 60079-10 describe classification
of hazardous areas according to the probability that a flammable gas may be present in different areas.
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The scope of the comparative assessment between the APl RP 500 and API RP 505 with the IEC Standard
60079-10-1 included the topics such as General provisions, Basic conditions for fire/explosion and
flammable/combustible liquids, gases and vapors Classification criteria, Extent of a classified location,
Degree and extent of classified locations.

The most apparent difference between APl and IEC 60079-10-1 is that the API RP's cover the option of
Classification into Divisions or into Zones, but IEC 60079-10-1 uses Zones exclusively. APl RP 500
incorporates the definitions of Class |, Division 1 and Division 2 from the NEC Article 500. API RP 505
incorporates the definition of Class I, Zone 0, Zone 1, and Zone 2 from IEC 60079-10-1.

API RP 500, API RP 505 and IEC 60079-10-1 approach the classification of hazardous areas from a point
source approach where each potential source of gas release is evaluated with consideration for the type
of source of release. The type of zone, extent of zone can be determined based on release rate of gas,
lower explosive limit (LEL), ventilation, relative density of the gas or vapor, climate or weather, and
topography or arrangements. Further, both APl RP 500/505 and IEC 60079-10-1 give schematic
examples of hazardous area classifications around different types of sources of release and different
arrangements. Typical examples given in the APl RPs make classifying of locations simple without
performing calculations.

IEC 60079-10-1 is a generic standard for classifying hazardous areas. The focus of this standard is the
methods, with examples and calculations, for determining the hazardous areas for many arrangements
in unspecified installations. Given the different types of facilities handling hydrocarbons, APl RP 500/505
presents applications that are common to several facility types as well as giving specific guidance for
each type of facility (i.e., MODU, FPSO, TLP, and others). API RP 500/505 presents hazardous area
classification specifications and schematic graphics associated with the most common possible sources
or gas release such as vents, flanges, valves, drains, sumps, etc. on specific types of installations. For
areas not addressed specifically, APl RP 500/505 gives the option of classifying areas based on a point
source method and calculations derived from IEC 60079-10.

3.4 IECvs. ANSI/UL (Task 3)

This section contains a summary of the findings and conclusions from the Task 3 comparative
assessment of ANSI/UL Standards 674, 823, 844, 913, 1203, and 2225 with the latest editions of the IEC
60079 Series standards. Detailed findings are contained in the Task 3 report in Appendix D. Task 3
Report: IEC vs. ANSI/UL Gap Analysis.

3.4.1 UL 674 vs.IEC 60079 series

UL 674 Standard for Safety for Electric Motors and Generators for Use in Hazardous (Classified) Locations
provides requirements for the construction, performance and marking of electrical motors and
generators or other rotating machinery with the type of protection explosion-proof or dust-ignition-
proof, intended for use in explosive atmospheres. Based on the scope of this UL standard, the
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comparative assessment was conducted with IEC 60079-0, IEC 60079-1, IEC 60079-14 and IEC 60079-10-
1. Comparative assessment was conducted between the UL 674 standard IEC 60079 standards on the
general provisions, construction standards, performance tests and marking requirements. The major
differences between UL 674 and IEC 60079 are summarized in this section.

UL 674 applies to electric motors and generators or submersible and nonsubmersible sewage pumps
and systems as well as other rotating machinery installed in Class |, Division 1, Group B, C& D
(equivalent to Class I, Zone 1, Group IIA and 1IB, 1IB+H2). The UL standard only addresses types of
protection explosion-proof or dust-ignition-proof for the equipment aforementioned. Requirements for
all types of protection for various electrical equipment are contained in the IEC 60079 series.

The normal ambient conditions defined in UL 674 and IEC 60079-0 are similar, except temperature
range. Minimum ambient temperature -50 °C is specified in UL, which is lower than -20 °C minimum
temperature given in IEC 60079-0, and maximum normal temperature in IEC 60079-0 is 60 °C, higher
than 40 °Cin UL 674.

The Division system for hazardous area classification employed in UL 674 is not used in IEC 60079 series.
The detailed equivalency analysis between the Division system and Zone System can be found in the
Task 1 Report (Appendix B).

UL 674 does not employ any IEC standard for base requirements. Normative references in UL 674 are
U.S., Canada and Mexico standards.

Both UL 674 and IEC 60079-0 standards require that electrical equipment and components in hazardous
(classified) locations shall also comply with applicable safety requirements of the relevant industrial
standards for installation in ordinary locations (unclassified). However, IEC standards do not require that
compliance with the industrial standards be verified, whereas UL standards for ordinary locations have
requirements on equipment be verified by the testing lab.

Construction

The motor enclosures are made of metal materials, and zinc alloys as well as magnesium and its alloys
are not allowed per UL 674. Enclosure strength can be determined by tests per UL and IEC. In UL 674,
the ability of a motor enclosure to withstand internal explosion pressure can also be determined by
calculations.

Both UL and IEC provide the dimensional (joint width and gap) requirements for joints in enclosure
based on gas groups and joint types (non-threaded joint or thread joint). For non-threaded joint of
enclosure, UL requirements are more conservative, except minimum required joint width in IEC and UL
are the same in Group (C, D / llIA, 11B) locations. National Pipe Thread (NPT) and Cylindrical Thread joints
are used in IEC for all gas groups. In UL 674, NPT is used for gas groups (B, C, D), but cylindrical threads
are only mentioned in the section for the enclosure in Group B location only.
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Regarding the requirements for bolts in joint width, it was noted that both UL 674 and IEC 60079-1 have
requirements. However, the required minimum flame path length (from inside or outside of enclosure
to the nearest edge of bolt hole) in IEC is less than in UL under the same joint width ranges.

Minimum length of joint and clearance (gap) for motor shaft opening depend on gas groups, shaft joint
types (straight or labyrinth) and bearing types (sleeve or ball). For the same length of joints as well as
same joint types and bearing types, the maximum allowable clearance (gap) for Group C & D locations in
UL is less than equivalency Group IIA & IIB locations in IEC, thus UL 674 is more stringent. The shaft
opening for Group B locations is not covered in UL.

Performance Tests

Regarding the performance test requirements in UL 674 and IEC 60079 standard, several differences
were noted. The temperature tests on sine wave power for single speed or multi-speed motors and for
variable-frequency inverter-driver motors in UL 674 are more stringent than IEC 60079 series of
standards. It was also noted that UL 674 exceeds the IEC standard requirements for the secureness test
on conduit hubs and sealing compound test. Comparisons of electrical resistance test and earth
continuity test between UL and IEC show that IEC 60079-0 exceeds the requirement in UL 674.

Marking

In general, the marking in both UL 674 and IEC standards are providing similar information. The IEC
marking doesn’t indicate Zone whereas UL marking indicates Zone 0, 1 or 2. Ex Symbols and equipment
protection level in the IEC are not employed by UL. Although it may be considered that IEC does not
meet UL for marking due to difference between the standards, it should have no negative affect on the
safety level of equipment operation.

Conclusion

In addition to the major differences identified above, Section 3 of the Task 3 report in Appendix D covers
each of the gap assessments conducted between UL 674 and IEC 60079. Based on the comparative
assessments, various sections of the IEC 60079 series meet, exceed, or do not meet the requirements of
UL 674 as listed in Section 3.5 of Appendix D.

3.4.2 UL823vs.IEC 60079 Series

UL 823 Standard for Safety for Electric Heaters for Use In Hazardous (Classified) Locations provides
requirements for the construction, performance and marking of portable and fixed electrical heaters
with the type of protection explosion-proof or dust-ignition-proof and dust-tight, intended for use in
explosive atmospheres. Based on the scope of this UL standard, the comparative assessment was
conducted with IEC 60079-0, IEC 60079-1, IEC 60079-10-1 and IEC 60079-14. The scope of the
comparative assessment between the UL 823 with IEC Standard 60079 includes the requirements for
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general provisions, construction, Performance tests for heaters for Class |, Division 2 locations,
manufacturing and production tests and marking. The major differences between UL 823 and IEC 60079
series are summarized in this section.

General

UL 823 covers fixed and portable electric heaters installed in Class |, Division 1 & 2, Group A, B, C & D.
The UL standard only addresses types of protection explosion-proof or dust-ignition-proof and dust-tight
and is applicable to electric air heaters, hot-water or steam radiators, electric hot plates and paint
heaters rated 600 volts or less. All types of protection are contained in the IEC 60079 series.

The normal ambient conditions defined in UL 823 and IEC 60079-0 are similar, except temperature
range. Minimum ambient temperature -50 °C is specified in UL, which is lower than -20 °C minimum
temperature given in IEC 60079-0, and maximum normal temperature in IEC 60079-0 is 60 °C, but no
maximum temperature is specified in UL 823.

Both UL and IEC standards require that electrical heaters and components in hazardous (classified)
locations also comply with applicable safety requirements of the relevant industrial standards for
installation in ordinary locations (unclassified). However, IEC 60079-0 does not require compliance with
industrial standard be verified, whereas UL standards for ordinary location have requirements on
equipment be verified by the testing lab.

Both IEC and UL standards have requirements on protecting equipment. IP rating in IEC is not employed
by UL, but most of the IP code is comparable to the type rating of the enclosure in UL. UL 823 requires
heaters with Type 7 enclosures to meet the applicable requirements for indoor Class | locations. Such
enclosure type is not found in IEC 60079.

The Division System for hazardous area classification employed in UL 823 is not used in the IEC 60079
series. The detailed equivalency analysis between Division System and Zone System can be found in Task
1 Report (Appendix B).

Construction

The heater enclosure housing can be made of metal materials or nonmetallic materials. UL 823 may be
considered more stringent than IEC 60079 due to no allowance on zinc alloys and magnesium and its
alloys as well as low copper content of alloy permitted in UL 823. Both UL 823 and IEC 60079 require
nonmetallic enclosures to satisfy the non-metallic materials tests. The chemical compatibility test in UL
823 cannot be satisfied by IEC 60079 (refer to Performance Tests).

IEC 60079-1 does not meet UL 823 for the requirements of non-threaded joint and shaft opening. Bolts
in joint width are accepted with conditions in UL, which is not required by IEC. Where the bolt in joint
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width is provided, the required minimum width of joint and/or minimum flame path length (distance
from inside of enclosure to nearest edge of bolt hole) in IEC 60079-1 is less than UL 823.

Bonding and grounding requirements in IEC 60079-1 and UL 823 are similar, except that minimum cross-
sectional area of earthing conductor are specified based on phase conductors in the IEC standard, which
are not found in UL 823. Thus it is considered that IEC 60079-1 exceeds the requirements of UL 823 for
bonding and grounding.

Performance Tests

With regard to performance tests, it is noted that IEC 60079 exceeds the requirements for temperature
test used to determine the maximum surface temperature and electrical resistance test. Explosion tests,
hydrostatic pressure test, accelerated-aging test on bushing and drop test in UL can be satisfied by IEC.
For other performance tests, including non-metallic enclosure material test and secureness of conduit
hub test, etc., the requirements in UL 844 are more stringent than IEC 60079 standard requirements.

Heaters for Class I, Division 2 Locations and Manufacturing and Production Tests

UL 823 also includes requirements on heaters for use in Class I, Division 2 locations and heater
production-line tests. The comparisons of these aspects between UL 823 and IEC 60079 can be covered
by the related sections for the installations in Class 1, Division 1 locations, as applicable. The enclosure
for an arcing or sparking part in Division 2 locations shall meet the requirements for an enclosure in
Division 1 locations per UL 823. The air-leakage test for heater element sheath is not found in IEC
60079.

Marking

In general the marking in both UL 823 and IEC 60079 series are providing similar information. IEC
marking doesn’t indicate Zone whereas UL marking requires the Zone 0, 1 or 2 provided on the label. Ex
Symbols and equipment protection levels in IEC are not employed by UL. Although it may be considered
that IEC does not meet UL for marking due to difference between the standards, it should have no
negative affect on the safety level of equipment operation.

Conclusion

In addition to the major differences identified above, Section 4 of the Task 3 report in Appendix D covers
each of the gap assessments conducted between UL 823 and IEC 60079 series. Based on the
comparative assessments, various sections of the IEC 60079 series meet, exceed, or do not meet the
requirements of UL 823 as listed in Section 4.7 of Appendix D.
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3.4.3 UL 844 vs.IEC 60079 Series

UL 844 Standard for Luminaires for Use in Hazardous (Classified) Locations provides requirements for
the construction, performance and marking of fixed and portable luminaires for installation and use in
hazardous (classified) locations. Based on the scope of UL 844, the comparative assessment was
conducted with IEC 60079-0, IEC 60079-1, IEC 60079-10-1 and IEC 60079-14. The scope of the
comparative assessment between the UL 844 with IEC 60079 includes the requirements for General
provisions, Luminaires for Class I, Division 1 locations, Luminaires for Class |, Division 2 locations,
Portable Luminaires, manufacturing and Production Tests and Marking. The major differences between
UL 844 and IEC 60079 are summarized in this section.

General

UL 844 covers fixed and portable luminaires installed in Class I, Division 1 & 2, Group A, B, C & D.
Luminaires and all types of protection are contained in IEC 60079 series. The Division System for
hazardous area classification employed in UL 844 is not used in IEC 60079 series. The detailed
equivalency analysis between the Division System and Zone System can be found in Task 1 Report
(Appendix B).

The ambient conditions defined in UL 844 and IEC 60079-0 are similar, except temperature range.
Minimum ambient temperature -25 °C is specified in UL, which is lower than -20 °C minimum
temperature given in IEC 60079-0, and maximum normal temperature in IEC 60079-0 is 60 °C, but no
maximum temperature is specified in UL 844.

Both UL 844 and IEC 60079 series require that electrical luminaires and components in hazardous
(classified) locations also comply with applicable safety requirements of the relevant industrial
standards for installation in ordinary locations. However, IEC does not require that compliance with
industrial standards be verified, whereas UL standards for ordinary locations have requirements on
equipment be verified by the testing lab.

IEC and UL have no objection to high-pressure sodium lamps used in hazardous areas. Low-pressure
sodium lamps are not permitted for use in all hazardous areas in IEC, but only prohibited by UL for
Division 1 hazardous locations. IEC 60079 exceeds UL 844 on the requirement of application of sodium
lamps.

Both IEC and UL standards have requirements on protecting equipment. IP rating in IEC is not employed
by UL, but most of the IP code is comparable to the type rating of the enclosures in UL. UL 844 requires

luminaires with Type 7 enclosures to meet the applicable requirements for indoor Class | locations. Such
enclosure type is not found in IEC 60079.

Luminaries for Class |, Division 1

25



%?ABS Group

Comparative Assessment of Electrical Standards and Practices: Final Report

Comparison of requirements of construction and performance tests of luminaires for Class |, Division 1
installations in UL 844 is done with IEC 60079-1 and 60079-0 and IEC 60079-14 requirements.

Construction

The luminaire enclosure housing can be made of metal materials or nonmetallic materials. UL 844 may
be considered more stringent than IEC due to no allowance on zinc alloys and magnesium and its alloys
as well as low copper content of alloy permitted in UL 844. Also, UL 844 has detailed requirements for
surface porosity in castings materials of enclosures without limitation on a specific material, whereas
only cast iron quality is required in IEC 60079-1. Both UL 844 and IEC require nonmetallic enclosures to
satisfy the non-metallic materials tests. The chemical compatibility test in UL cannot be satisfied by IEC
(refer to Performance Tests).

For non-threaded joints and shaft opening in enclosures of luminaires used in Class |, locations,
comparisons with minimum width and maximum clearance permitted in UL 844 and IEC 60079-1 show
that UL requirements are more stringent than IEC. UL 844 also requires a shaft opening in an enclosure
shall be of the metal-to-metal type for Class | locations, whereas no specific opening type is required in
IEC 60079-1. Bolts in joint width are accepted with conditions in UL 844, which is not required by IEC.
Where the bolt in joint width is provided, the required minimum width of joint and/or minimum flame
path length (distance from inside of enclosure to nearest edge of bolt hole) in IEC 60079-1 is less than UL
844,

Both UL 844 and IEC 60079-0 have requirements to ensure no danger of ignition due to electrostatic
charges for nonmetallic external parts. IEC 60079-0 provides more methods than UL 844 to avoid a
build-up of electrostatic charge on equipment.

Luminaires for wet locations-shall be subjected to Thermal Shock Test per UL 844. IEC 60079-0 also has
Thermal Shock Test for glass parts of luminaires, but the test requirements are less than UL (refer to
Performance Test). NEMA enclosure ratings for luminaires at wet locations in UL are not employed by
IEC.

IEC 60079-1 exceeds UL 844 for requirements on guards of luminaires and bonding and grounding, but it
does not have the requirements similar in UL 844 for a fuse provided in a luminaire for Class | locations.

Performance Tests

With regard to performance tests, it is noted that IEC standard exceeds the requirements for
temperature test used to determine the maximum surface temperature and electrical resistance test.
Explosion tests and hydrostatic pressure test in IEC meet the requirements in UL. For other performance
tests, including thermal shock test, secureness of conduit hub test, vibration test, non-metallic enclosure
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material test, sealing compounds test, etc., the requirements in UL 844 are more stringent than IEC
60079 standard requirements.

Luminaires for Class |, Division 2 locations, Portable Luminaires & Manufacturing and production Tests

UL 844 also includes requirements on luminaires in Class |, Division 2 locations, portable luminaries for
indoor use in hazardous (classified) locations and luminaire production-line tests. The comparisons of
these aspects between UL 844 and IEC 60079 can be covered by the related sections for the fixed
installations in Class 1, Division 1 locations, as applicable. The enclosure for an arcing or sparking part in
Division 2 locations shall meet the requirements for an enclosure in Division 1 locations per UL 844.

Marking

Both standards provide similar information on marking. IEC marking doesn’t indicate Zone 0, 1 or 2
whereas UL marking indicates Zone 0, 1 or 2. Ex Symbols and equipment protection level in IEC are not
employed by UL. Although it may be considered that IEC does not meet UL for marking due to difference
between the standards, it should have no negative affect on the safety level of equipment operation.

Conclusion

In addition to the major differences identified above, Section 5 of Task 3 report in Appendix D covers
each of the gap assessment conducted between UL 844 and IEC 60079. Based on the comparative
assessments, various sections of the IEC 60079 series meet, exceed, or do not meet the requirements of
UL 844 as listed in Section 5.7 of Appendix D.

3.4.4 UL913vs.IEC 60079 Series

UL 913 Standard for Safety for Intrinsically Safe Apparatus and Associated Apparatus for Use in Class |, Il
and I, Division 1, Hazardous (Classified) Locations provides requirements for the construction, testing
and marking of electrical apparatus, or parts of such apparatus, having circuits that are not capable of
causing ignition in Division 1 Hazardous (Classified) Locations as defined in NEC Article 500.

Based on the scope of this UL standard, the comparative assessment was conducted with IEC 60079-0 &
IEC 60079-11. The scope of the comparative assessment between UL 913 with IEC 60079 includes
general (construction and testing), marking and reference standards. The major differences for these
aspects in UL 913 and IEC 60079 are summarized in this section.

UL 913 covers intrinsically safe apparatus and parts of apparatus for installation and use in Class I, Class
Il & llI, Division 1 as well as Groups IlIA, IlIB & IIIC, Zone 20 locations in accordance with the
requirements of the NEC. The requirements in UL 913 also apply to associated apparatus located outside
of hazardous (classified) locations whose design and construction may influence the intrinsic safety of an

27



==

“ABS Group

Comparative Assessment of Electrical Standards and Practices: Final Report

electrical circuit within the hazardous (classified) locations. Apparatus and parts of apparatus,
installation locations and type of protection in UL 913 are contained in IEC 60079 series.

The ambient conditions defined in UL 913 and IEC 60079-0 are similar. The ambient temperature range
in IEC is given as —20 °C to +60 °C, while the ambient temperature range for UL 913 may be considered
as —25 °C to +40 °C per marking requirements. Therefore, normal atmospheric conditions defined in UL
913 can be covered by IEC 60079-0.

UL 913 requires a component to meet standards for that component commonly used in electrical
equipment. Both UL 913 and IEC 60079-0 standards require electrical equipment and components in
hazardous (classified) locations also comply with applicable safety requirements of the relevant
industrial standards for installation in ordinary locations (unclassified). However, IEC standards do not
require that the compliance with the industrial standards be verified, whereas UL standards for ordinary
location have requirements on components be verified by the testing lab.

General (Construction and Testing)

UL 913 requires intrinsically safe apparatus for Class I, Division 1, Group A, B, C & D shall comply with the
applicable requirements in UL 60079-0 and UL 60079-11 for Group IIA, IIB, and IIC, level of protection
"ia". UL 60079-0 and UL 60079-11 contain identical requirements, and identical publication dates as
ANSI/ISA 60079-0 and ANSI/ISA 60079-11, respectively. Comparisons of ANSI/ISA 60079 Series with IEC
60079 Series are covered in Task 4 and the results of the comparative assessment of ISA 60079-0 to IEC-
60079-0 and ISA 60079-11 to IEC 60079-11 in the Task 4 Report can be considered equivalent to the
results of UL 913 compared with IEC 60079.

Marking

Both UL 913 and IEC 60079 require that terminals, terminal boxes, and plugs and receptacles, etc. for
connection to intrinsically safe circuits shall be clearly identified and clearly distinguishable. Both
standards also have similar marking requirements including warnings for batteries used to power
apparatus.

In general, the marking in both standards provide similar information. Ex Symbols and equipment
protection level in IEC are not included in UL 913. UL/ISA 60079 series use AEXx. Intrinsically safe
apparatus for Class I, Div. 1, Group A, B, C & D covered in UL 913 are required to meet UL/ISA-60079-0/-
11. One major difference in marking between ISA 60079 and IEC 60079 is that the ISA standard requires
marking to indicate Class and Division/Zone, whereas IEC 60079 does not. Although it may be
considered that IEC does not meet UL for marking due to difference between the standards, it should
have no negative affect on the safety level of equipment operation.

Reference Standards
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The References in Appendix B of UL 913 are all UL Standards for Equipment for Ordinary Locations-and
Hazardous Locations. References adopted by IEC are IEC and ISO standards, except ANSI/UL 746B &
746C in IEC 60079-0 and ANSI/UL 248-1 in IEC 60079-1, which are also listed in Appendix B of UL 913.

Conclusion

In addition to the major differences identified above, Section 6 of Task 3 report in Appendix D covers
each of the gap assessment conducted between UL 913 and IEC 60079. The comparisons of construction
and testing of intrinsically safe apparatus for Class I, Division 1 between UL 913 and IEC are referred to
the Task 4 Report in Appendix E for results of the comparative assessment of ISA 60079-0 to IEC-60079-0
and ISA 60079-11 to IEC 60079-11. It is concluded that IEC 60079-0 does not meet the requirements in
ANSI/ISA 60079-0 and IEC 60079-11 does not meet the requirements in ISA 60079-11 (Task 4 Report,
Appendix E). Consequently IEC 60079 would not be considered to meet UL 913.

3.4.5 UL1203vs.IEC 60079 Series

UL 1203 Standard for Explosion-Proof and Dust-Ignition-Proof Electrical Equipment for Use In Hazardous
(Classified) Locations provides requirements for the construction, performance and marking of
explosion-proof or dust-ignition-proof equipment for use in explosive atmospheres. Based on the scope
of this UL standard, the comparative assessment was conducted with IEC 60079-0, IEC 60079-1, IEC
60079-10-1and IEC 60079-14.

UL 1203 covers explosion-proof equipment installed in Class I, Division 1, Group A, B, C & D (equivalent
to Class |, Zone 1, Group lIA, IIB & IIC). Equipment and types of protection in UL 1203 are contained in
IEC 60079 series. The scope of the comparative assessment between the UL 1203 with the IEC Standard
60079 includes the topics-on general, explosion-proof equipment, manufacturing and production tests,
marking, industrial control equipment, etc. The major differences for these aspects in UL 1203 and IEC
60079 are summarized in this section.

General

The Division System for hazardous area classification employed in UL 1203 is not used in IEC 60079
series. The detailed equivalency analysis between Division System and Zone System can be found in Task
1 Report (Appendix B).

The ambient conditions defined in UL 1203 and IEC 60079-0 are similar, except temperature range.
Minimum ambient temperature -50°C is specified in UL, which is lower than -20°C minimum
temperature given in IEC 60079-0, and maximum normal temperature in IEC 60079-0 is 60°C, but no
maximum temperature is specified in UL 1203.

Both UL and IEC standards indicate that electrical equipment and components in hazardous (classified)
locations also comply with applicable safety requirements of the relevant industrial standards for
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installation in ordinary locations (unclassified). However, IEC 60079-0 does not require that the
compliance with the industrial standard be verified, whereas UL standards for ordinary locations have
requirements on equipment be verified by the testing lab.

Both IEC and UL standards have requirements on protecting equipment from ingress of liquid/solid
foreign objects. IP rating in IEC is not employed by UL, but most of the IP code is comparable to the type
rating of the enclosures in UL. Type 4X enclosure in UL 1203 is watertight corrosion-resistant enclosure.
There are no equivalent enclosures identified by IP rating in IEC.

Explosion-proof Equipment
Construction

The luminaire enclosure housing can be made of metal materials or nonmetallic materials. UL 1203 may
be considered more stringent than IEC from material aspect due to no allowance on zinc alloys and
magnesium and its alloys as well as low copper content of alloy permitted in UL 1203. Also UL 1203 has
detailed requirements for surface porosity in castings materials of enclosure without limitation on a
specific material, whereas only cast iron quality is required in IEC 60079-1. Both UL 1203 and IEC require
nonmetallic enclosure to satisfy the non-metallic materials tests. The chemical compatibility test in UL
cannot be satisfied by IEC (refer to Performance Tests).

For non-threaded joints, including cylindrical joints in enclosures of luminaires used in Class | locations,
minimum width and maximum clearance permitted in UL 1203 is more stringent than IEC 60079-1. Also
UL 1203 has detailed requirements for surface porosity in castings materials of enclosure without
limitation on a specific material, whereas IEC 60079-1 covers cast iron quality only. Bolts in joint width
are accepted with conditions in UL 1203, which is not required by IEC. Where the bolt in joint width is
provided, the required minimum width of joint and/or minimum flame path length (distance from inside
of enclosure to nearest edge of bolt hole) in IEC 60079-1 is less than UL 1203.

A shaft opening in an enclosure shall be of the metal-to-metal, metal-to-polymeric, or polymeric-to-
ceramic type per UL 1203, whereas no specific opening type is required in IEC 60079-1. Minimum length
of joint and maximum allowable clearance (gap) for shaft opening in UL 1203 is more stringent than IEC
60079-1. Group A & B enclosure with shaft opening in UL is limited to a small volume, much less than
enclosure volume specified for Group IIC in IEC. In addition, the joint path length and clearance (gap) of
shaft openings in UL 1203 also depends on shaft speed (less or more than 100 rpm). Rotating speed
(rpm) is not a parameter for consideration of opening requirements in IEC 60079-1.

For the supply connections requirements, NPT threaded connections per ANSI/ASME B1.20.1 are
accepted by both IEC 60079-1 and UL 1203; however, for certain aspects such as conduit seals , bonding
and grounding, the requirements in the IEC standard exceeds that of UL 1203 standard.

30



%?ABS Group

Comparative Assessment of Electrical Standards and Practices: Final Report

Performance Tests

With regard to the performance test, it is noted that IEC 60079 exceeds the requirements for
temperature test used to determine the maximum surface temperature, tests for glass parts - Impact
test and electrical resistance test. Explosion tests, hydrostatic pressure test, thermal-shock test,
accelerated-aging test on bushing and drop test in IEC meet the requirements in UL. For other
performance tests, including secureness of conduit hub test, non-metallic enclosure material tests, and
chemical resistance tests on sealing and cementing compounds, etc., the requirements in UL 844 are
more stringent than IEC 60079 requirements. Manufacturing and production tests including bonding
test and hydrostatic pressure test can be covered by the related tests aforementioned.

Marking

In general, the marking in both standards are providing similar information as listed here. IEC 60079-0
marking doesn’t indicate Class, Division or Zone, which are required by UL 1203. Ex Symbols and
equipment protection level in IEC are not employed by UL. Although it may be considered that IEC does
not meet UL for marking due to difference between the standards, it should have no negative affect on
the safety level of equipment operation.

Other Requirements

UL 1203 includes more requirements for industrial control equipment, switches, circuit breakers, outlet
boxes and fittings, receptacle-plug combinations and electrical operated valves, in addition to the
applicable requirements for construction, testing and marking for explosion-proof equipment installed

in Class I, Division 1 per this standard and the applicable requirements for similar components for use in
unclassified locations. Most of these additional requirements cannot be met by IEC, except for the outlet
boxes and fitting provisions.

Per UL 1203, tests on polymeric valve enclosure shall comply with the applicable requirements for
explosion-proof equipment and additional requirements in this standard. A valve whose electrical
enclosure has no internal volume is required to be hydrostatically tested at the pressure specified (from
600 psi to 6000 psi) depending on Groups and conduit size of fittings to the enclosures. The IEC 60079
series of standards do not have equivalent requirements.

Conclusion

In addition to the major differences identified above, Section 7 of Task 3 report in Appendix D covers
each of the gap assessment conducted between UL 1203 and IEC 60079. Based on the comparative
assessments, various sections of the IEC 60079 series meet, exceed, or do not meet the requirements of
UL 1203 as listed in Section 7.13 of Appendix D.
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3.4.6 UL 2225vs.IEC 60079 Series

UL 2225 Standard for Cables and Cable-Fittings for Use in Hazardous (Classified) Locations contains
requirements for the construction, performance and marking of cables and cable fittings intended for
use in explosive atmospheres. Based on the scope of this UL standard, the comparative assessment was
conducted with IEC 60079-0, IEC 60079-1, IEC 60079-7. The scope of the comparative assessment
between the UL 2225 with the IEC Standard 60079 includes the topics on general, cables, cable sealing
fittings, AEx cable fittings and extra-hard usage cord connectors, marking. The major differences for
these aspects in UL 2225 and IEC 60079 are summarized in this section.

General

UL 2225 covers MC-HL metal-clad cable, ITC-HL instrumentation tray cable and TC-ER-HL tray cable as
well as explosion proof cable sealing fittings, increased safety "e" cable fittings and flameproof "d" cable
sealing fittings for use in hazardous locations, including use on mobile offshore oil rig and drilling
platforms, and other marine vessels.

For the cable fittings for use on mobile offshore oil rig and drilling platforms, and other marine vessels,
evaluation for conformity to 46 CFR 111.105 “Hazardous Locations” & 111.60 “Wiring Materials and
Methods” and other requirements in 46 CFR 110 to 113 (Subchapter J—Electrical Engineering)”, are also
in the scope of UL 2225. IEC 60079 series contain requirements on all types of protection and hazardous
locations included in UL 2225, except evaluation for conformity to 46 CFR.

The normal ambient conditions defined in UL 2225 and IEC 60079-0 are similar, except temperature
range. Minimum ambient temperature -50°C is specified in UL, which is lower than -20°C minimum
temperature given in IEC 60079-0, and maximum normal temperature in IEC 60079-0 is 60°C, but no
maximum temperature is specified in UL 2225.

Cables

UL 2225 focuses on the construction, test and marking requirements for the specific types of cables -
MC-HL metal-clad cable, ITC-HL instrumentation tray cable and TC-ER-HL tray cable for use in Class |,
Zone 1 hazardous locations. All cables shall comply with UL 1569 Standard for Metal-Clad Cables, UL
2250 Standard for Instrumentation Tray Cable, and UL 1277 Standard for Electrical Power and Control
Tray Cables with Optional Optical-Fiber Members, as applicable, except where modified by this standard.
The same specific types of cables are not covered by IEC 60079 series. In these subject areas, it is
considered that the IEC does not meet the requirements of UL 2225.

Explosionproof Cable Sealing Fittings

Construction
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UL 514B Standard for Conduit, Tubing, and Cable Fittings and UL 1203 Standard for Explosion-Proof and
Dust-Ignition-Proof Electrical Equipment for Use In Hazardous (Classified) Locations are required to be
met per UL 2225. These two UL standards are not referenced in IEC 60079 series. In addition, cable
sealing fittings to seal cables with optical fiber members shall be subjected to special investigation in
accordance with UL 2225, and the same is not addressed by IEC.

Reference with UL 2225, the cable sealing fittings can be made of metal materials or nonmetallic
materials with the same requirements as explosionproof equipment enclosure in UL 1203. IEC 60079
does not have the detailed material requirements on the cable fittings. Where a cable sealing fitting
could be considered as a part of enclosure and constructed with the same material as flameproof
enclosure in IEC 60079, it can be concluded that IEC 60079 does not meet the requirements of UL 2225
for materials based on the comparative assessment of UL 1203 with IEC.

UL 2225 applies UL 514B for bonding continuity requirements which is not referenced in IEC 60079-0.
Comparisons show that UL 2225 requirements on non-threaded joints are more stringent than IEC
60079-1, similar as non-threaded joints in enclosure in UL 1203.

Performance

Cable sealing fittings for use in hazardous locations shall comply with all the performance requirements
in UL 514B in addition to the requirements of UL 2225. UL 514B is not referenced in IEC. It is noted that
explosion test, hydrostatic pressure test, resistance to impact test in IEC meet the requirements in UL.
For other performance tests, including non-metallic enclosure material tests and tests on epoxy sealing
compounds, etc., the requirements in UL 2225 are more stringent than IEC 60079 requirements.
Tightening torque for conduit hubs specified in UL 2225 is more than torque on the conduit required for
the test per IEC 60079-1.

Both enclosure types and Degree of Protection (IP) ratings are covered in UL 2225. The IP rating
requirements in IEC is same as UL and also most of the IP code is comparable to the type rating of the
enclosure in UL. However UL 2225 requires Type 7 enclosures to meet the applicable requirements for
indoor Class | locations. Such enclosure type is not found in IEC 60079.

AEx Cable Fittings and Extra Hard Usage Cord Connectors
Construction

Flameproof "d" construction for AEx fittings and connectors are to follow the same requirements for
explosionproof cable sealing fittings in UL 2225. Metal Increased Safety "e" fittings and connectors shall
be NPT or metric threads compliant with threaded connection for explosionproof fittings in UL 2225; or
in accordance with UL 514B.

Performance Test

33



='i'ié;:';‘ABS Group

Comparative Assessment of Electrical Standards and Practices: Final Report

Flameproof fitting or connector performance test for AEx fittings are referred to tests for explosionproof
cable sealing fittings of UL 2225. Increased safety fitting or connector performance test includes aging
test for elastomeric materials, resistance to impact test and test for degree of protection (IP). It may be
considered that IEC 60079-1 meets UL 2225 requirements for this aspect based on the comparison
results.

Marking

Marking in both standards are providing similar information. IEC 60079-0 marking doesn’t indicate Class
& Division and Zone which are required in UL 2225. Also Ex Symbols are used in IEC 60079-0, whereas
AEx Symbols are used in UL 2225. Although it may be considered that IEC does not meet UL for marking
due to difference between the standards, it should have no negative affect on the safety level of
equipment operation.

Conclusion

In addition to the major differences identified above, Section 8 of Task 3 report in Appendix D covers
each of the gap assessment conducted between UL 2225 and IEC 60079. Based on the comparative
assessments, various sections of the IEC 60079 series meet, exceed, or do not meet the requirements of
UL 2225 as listed in Section 8.6 of Appendix D.

3.5 [IEC60079-0 vs. ANSI/ISA 60079 series (Task 4)

This section contains a summary of findings and conclusions from the Task 4 comparative assessment of
ANSI/ISA 60079 series of standards and the IEC 60079 series of standards. Detailed findings are
contained in the Task 4 report in Appendix E. Task 4 Report: Other Gap Analysis.

The ANSI/ISA 60079 series are identical to the IEC 60079 series except for the U.S. National Differences.
The nationalized versions of the standards have been previously co-published by ISA and UL. The ISA is
no longer publishing nationalized versions of new revisions of the IEC 60079 series. Once a new IEC
60079 edition is published, UL will be publishing the standard as a UL only standard with U.S. National
Differences. The most recent versions of the standards available at the time of the assessment were
used for the comparison. Table 4 contains a list of the ISA/UL 60079 standards compared to IEC 60079
standards that were analyzed.

The ANSI/ISA and ANSI/UL 60079 series of standards adopt the IEC text with differences known as
National Differences that may add, delete, or modify the IEC text. There are five categories of National
differences that modify the text in the parent IEC standard based on:

e Basic safety principles and requirements
e Safety practices
e Component standards
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e Editorial comments or corrections
e National regulatory requirements

The following general modifications are noted in the ANSI/ISA standards when compared with the IEC
standards:

e When reference is made to any other IEC 60079 standards, it is required that the requirements
in ISA 60079 standard be applied.

o Where references are made to hazardous areas, this is changed to the U.S. terms unclassified
locations or hazardous (classified) locations.

e Where requirements call for the application of an “X” appended to the certificate number, this is
replaced with a requirement to document this in the manufacturer’s instructions.

Each subsection below provides a summary of the analysis and comparative results for each of the
standards in the series.

3.5.1 ANSI/ISA 60079-0 vs IEC 60079-0

ANSI/ISA (ISA) 60079-0 is the U.S. Nationalized version of IEC 60079-0 that provides the general
requirements for construction, testing and marking of electrical equipment and Ex Components
intended for use in explosive atmospheres. Comparative assessment of IEC 60079-0 (Ed. 6) and ISA
60079-0 (Ed. 6) was conducted to determine if the IEC standard meets, exceeds or does not meet the
UL-standard. Following major differences are noted between the ISA and IEC 60079-0 standard.

e Additional U.S. national standards for testing and acceptance of electrical equipment are
included in the ISA standard. These additional standards are not included in the IEC.

a_n
S

e U.S. standards do not consider special protection type as an option. Hence equipment with
special protection "s" rating is not allowed per ISA 60079-0. However, the IEC standards allows
manufacturer’s to designate equipment with Ex “s” to indicate special protection.

e |EC60079-0 allows EPL to be used as part of risk assessment of an installation and reference is
made to IEC 60079-14. In ISA standard, the reference to IEC 60079-14 is removed and it is
indicated that the NEC does not recognize the concept of employing the concept of equipment
protection level in risk assessment during classification of an installation.

e ISA 60079-0 requires testing for determining the surface temperature for smaller components,
such as those commonly used in gas detection instruments where the temperature could rise
due to internal catalytic or chemical reaction, which requires testing of the components for
acceptability. The IEC does not contain the testing requirements for such small components.

e |SA standard requires that equipment listed by a Nationally Recognized Testing laboratory is
considered to meet the applicable requirement of the safety standard for the equipment found
in other U.S. standards. In IEC 60079-0 standard, there is not a requirement that compliance
with industrial standards be verified by an independent testing laboratory. IEC 60079-0 only
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requires that the equipment be constructed in accordance with applicable safety requirements
of the relevant industry standard.

e ISA 60079-0 provides clarification that the certificate is to be issued by a NRTL. However, the IEC
standard does not require the certificate to be issued by an independent laboratory. Rather, it
provides the option that the certificate can be prepared by the manufacturer.

e The non-metallic walled enclosure construction is not permitted by U.S. standard; however, it is
allowed by IEC standard.

e An additional clarifying requirement is included in the ISA 60079-0 for Plugs and Socket
installation. This clarification aligns the requirements with NEC wiring methods

e ISA 60079-0 includes a specific note that the use of spiral-wound Lithium-cobalt-oxide cells and
is not recommended in electrical equipment. This is due to potential thermal runaway hazards
resulting from internal short circuits.

Based on the national differences identified, it is concluded that the requirements in IEC 60079-0 do not
meet the requirements in ANSI/ISA 60079-0.

3.5.2 ANSI/UL 60079-1vs IEC 60079-1

ANSI/UL 60079-1 is the U.S. Nationalized version of IEC 60079-1 standard contains specific requirements
for the construction and testing of electrical equipment with the type of protection flameproof
enclosure “d”, intended for use in explosive gas atmospheres. Comparative assessment of IEC 60079-1
(Ed. 7) and UL 60079-1 (Ed. 7) was conducted to determine if the IEC standard meets, exceeds or does
not meet the UL-standard. Following major differences are noted between the UL and IEC 60079-1
standard.

e Additional U.S. national standards for electrical equipment are included in the UL standard.
These additional standards are not included in the IEC.

e Taper-threaded joint requirements in UL 60079-1 standard is modified to account for the
changes required on the equipment to conform to the NEC thread engagement requirements.

e UL standard is modified and requires that the copper content of the alloy shall be limited to 30%
whereas for IEC the cooper content acceptable is 60%. UL has more stringent material
requirement than IEC standard.

e UL 60079-1 provides additional guidance and requirements regarding National Pipe Thread
(NPT) and National Standard Pipe Straight (NPS) threaded entries. Requirements added in UL is
to include the NEC requirements. Equipment certified to IEC Standard is not required to follow
these NEC requirements, and these additional texts are not applicable for such equipment.

e UL standard requires that all cable glands, whether integral or separate must meet the
requirement in UL 60079-1 Annex C. The UL 60079-1 Annex C requires that cable glands is to
conform to the requirements in UL 2225 Standard for Safety Cables and Cable Fittings for Use in
Hazardous Locations.
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e The UL 60079-1 standard has included the exception that the test of ability of the enclosure to
withstand pressure is required only for equipment marked with a name plate circuit breaker
interruption rating greater than 10,000 rms symmetrical amperes. However, the IEC 60079-1
standard requires this test be conducted regardless of the circuit breaker rating.

Based on the national differences, it is concluded that the requirements in IEC 60079-1 does not meet
the requirements in UL 60079-1.

3.5.3 ANSI/UL 60079-2 vs IEC 60079-2

ANSI/UL 60079-2 is the U.S. Nationalized version of IEC 60079-2 standard contains specific requirements
for the construction and testing of electrical equipment with the type of protection Pressurized
Enclosures "p", intended for use in explosive gas atmospheres. Comparative assessment of IEC 60079-2
(Ed. 6) and UL 60079-2 (Ed. 6) was conducted to determine if the IEC standard meets, exceeds or does
not meet the UL standard. Following major difference is noted between the UL and IEC 60079-2

standard.

e Additional reference to the NEC is included in UL Standard.

e For type of protection “pzc”, UL 60079-2 standard requirement for automatic safety device for
non-metallic enclosures is less stringent than IEC 60079-2. Based on UL standard, non-metallic
enclosures that have not undergone thermal endurance test is allowed to have indicator instead
of automatic safety devices and the same is not allowed as per IEC standard.

Based on the national differences identified, it is concluded that the requirements in IEC 60079-2 does
not meet the requirements in UL 60079-2.

3.5.4 ANSI/UL 60079-5 vs IEC 60079-5

ANSI/UL 60079-5 is the U.S. Nationalized version of IEC 60079-5 standard contains specific requirements
for the construction and testing of electrical equipment with the type of protection Powder Filling "q",
intended for use in explosive gas atmospheres. Comparative assessment of IEC 60079-5 (Ed. 4) and UL
60079-5 (Ed. 4) was conducted to determine if the IEC standard meets, exceeds or does not meet the

UL-standard. Following major difference are noted between the UL and IEC 60079-5 standard.

e UL 60079-5 requires that a flameproof "d" cable gland that complies with UL 2225 be provided
for the powder filled electrical equipment. The UL standard also states that an increased safety
"e" cable gland may not provide adequate pressure sealing of the powder filled "q" enclosure.
Similar requirements are not included in IEC standard.

e Both IEC and UL 60079-5 require that the powder filled containers shall not be damaged and
that the temperature class shall not be exceeded in the case of malfunctions such as caused by
overvoltage or overcurrent. It is required by UL standard that overloads be tested to applicable
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U.S. standards. The IEC standard indicates that if there are no product standards, the overloads
to be considered are those specified by the manufacturer.

Based on the national differences identified, it is concluded that the requirements in IEC 60079-5 does
not meet the requirements in UL 60079-5.

3.5.5 ANSI/UL 60079-6 vs IEC 60079-6

ANSI/UL 60079-6 is the U.S. Nationalized version of IEC 60079-6 standard contains specific requirements
for the construction and testing of electrical equipment with the type of protection Qil Immersion "o",
intended for use in explosive gas atmospheres. Comparative assessment of IEC 60079-6 (Ed. 4) and UL
60079-6 (Ed. 4) was conducted to determine if the IEC standard meets, exceeds or does not meet the

UL-standard. Following major difference are noted between the UL and IEC 60079-6 standard.

e In|EC 60079-6, it is required that switching devices protected by liquid immersion Level of
Protection “ob” be suitable for a prospective short circuit current of 32 kA, unless marked with a
lower value. UL 60079-6 has included a national difference to this requirement by adding a note
stating that NEC limits the use of the increased safety termination to 10 kA available short circuit
current.

e With regard to the requirement for selection and erection of equipment with protection type
‘0”, UL 60079-6 refers to the NEC for selection and installation of equipment, whereas IEC
60079-6 refers to IEC 60079-14. It is also to be noted that ISA 60079-10-1 states that IEC 60079-
14 has not been adopted in the U.S.

Based on the national differences identified, it is concluded that the requirements in IEC 60079-6 does
not meet the requirements in UL 60079-6.

3.5.6 ANSI/UL 60079-7 vs IEC 60079-7

ANSI/UL 60079-7 is the U.S. Nationalized version of IEC 60079-7 standard contains specific requirements
for the construction and testing of electrical equipment with the type of protection Increased Safety "e",
intended for use in explosive gas atmospheres. Comparative assessment of IEC 60079-7 (Ed. 5) and UL
60079-7 (Ed. 5) was conducted to determine if the IEC standard meets, exceeds or does not meet the UL
standard. Following major difference are noted between the UL and IEC 60079-7 standard.

e Additional U.S. national standards for the equipment are included in the UL standard. Additional
U.S. standards referenced in the UL standard implies that there are additional requirements that
need to be followed for equipment testing and acceptance.

e UL 60079-7 includes a national difference that the electrical connection should be able to
provide contact pressure that is not applied through the insulating material. However, IEC
60079-7 allows the contact pressure to be applied through the insulating material if the earth
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continuity test of IEC 60079-0 is accomplished. UL standards for ordinary locations do not permit
the transfer of contact pressure through insulating material.

e UL 60079-7 has additional requirements added to address terminals rated greater than 1500 V.
It is required by the UL standard that a terminal greater than 1500 V be subjected to the tests in
UL 1059 and UL 486E.

e UL 60079-7 modified the IEC text by adding requirements that threaded connections can only be
released or removed by use of a tool. It also added requirements that plugs and sockets shall be
capable of being connected by wiring methods permitted in the NEC. Cable assemblies and
associated plugs and sockets shall meet the requirements of UL 2238 and UL 2237, or other
relevant standards that include requirements that address voltage and current ratings, and for
suitability for field wiring applications.

e UL 600079-7 adds requirements for arcing and sparking contacts. It is required by the UL
standard that for level of protection “eb” arcing or sparking contacts are not permitted. And for
level of protection “ec”, manually operated arcing or sparking components located within an
enclosure that are not accessible in normal operation without the use of a tool need only
comply with the separation distances on the external connection points.

Based on the national differences identified, it is concluded that the requirements in IEC 60079-7 does
not meet the requirements in UL 60079-7.

3.5.7 ANSI/ISA 60079-10-1 vs IEC 60079-10-1

ISA 60079-10-1 standard is a modification of IEC 60079-10-1 ed1.0 (2008-12), Explosive Atmospheres -
Part 10-1: Classification of Areas - Explosive Gas Atmospheres, normalized as an U.S. National Standard,
with additional material added as appendices specifically for the classification of locations for electrical
installations classified as Class I, Zone 0, Zone 1, or Zone 2 classification of hazardous areas. Comparative
assessment of IEC 60079-10-1 (Ed. 2) and ANSI/ISA-60079-10-1 (Ed. 1) was conducted to determine if
the IEC standard meets, exceeds or does not meet the ANSI/ISA-standard. The following major
differences are noted between the ISA and IEC 60079-10-1 standard:

e Additional U.S. national standards for the equipment are included in the ISA standard.
Additional U.S. standards referenced in the ISA standard implies that there are additional
requirements that need to be followed for equipment testing and acceptance.

e Definitions of Class 1, Zone 0, 1 and 2 from the NEC are used instead of IEC definitions as part of
national differences.

e In the latest edition of the IEC standard several new terms and conditions has been introduced
such as ventilation and dilution, routine maintenance, rare malfunction.

e ISA 60079-10-1 standard requires that for any change in the equipment or procedure in an area
classification location, a change management procedure is to be used in accordance with 29 CFR
1910.119.
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e ISA and IEC standard differs in the application of risk assessment to assess whether the
consequences of ignition of an explosive atmosphere requires the use of equipment with higher
Equipment Protection Level (EPL) or may justify the use of equipment with lower EPL than
required. The NEC does not recognize the concept of employing equipment protection level in
risk assessments during classification of an installation.

e |EC provides additional detailed requirements to consider for competence of personnel involved
in hazardous area classification.

e The IEC Standard provides additional guidance on classification by sources of release method,
use of industry codes, national standards, simplified methods and combination of methods.

e The latest edition of IEC 60079-10-1 requires that extent of the zone should consider the level of
uncertainty in the assessment by the application of a safety factor.

e |EC 60079-10-1 provides additional clarification regarding the determination of the
characteristic of the release based on the physical state of the release such as gas at elevated
temperature or pressure, gas liquefied by application of pressure/refrigeration, liquid with
release of vapor, aerosols. The additional clarification is not included in ISA standard.

e |SA 60079-10-1 requires that other parameters such as climatic conditions and rate of gas or
vapor dispersion is to be considered for area classification.

e |EC Standard provides additional guidance regarding ventilation and degree of ventilation in
classification of area.

e |EC 60079-10-1 provides some informative guidance regarding hybrid mixtures which is a
combined mixture of a flammable gas or vapor with a combustible dust or combustible flyings.

The nationalized version of the IEC 60079-10-1 is published by ISA with National Differences and the IEC
standard does not meet the ISA standard in the several sections. ISA 60079-10-1 is harmonized with IEC
60079-10-1, Edition 1; however, the latest edition of the IEC standard is IEC 60079-10-1, Edition 2.0
(2015-09) published with additional requirements. There are significant revisions in the latest edition of
the IEC standard from previous editions in both technical content and design approach to classifying
hazardous locations. These major changes in the latest edition of IEC 60079-10-1 have not yet been
incorporated into the ISA standard.

3.5.8 ANSI/ISA 60079-11 vs IEC 60079-11

This is the common ANSI/ISA and ANSI/UL 60079-11 standard for Explosive atmospheres - Part 11:
Equipment protection by intrinsic safety “i”. ANSI/ISA 60079-11 is based on the sixth edition of IEC
60079-11 including Corrigendum 1. This standard adopts the IEC text with U.S. National Differences.
Comparative assessment of IEC 60079-11 (Ed. 6) and ISA 60079-11 (Ed. 6.2) was conducted to determine
if the IEC standard meets, exceeds or does not meet the ISA-standard. The following major differences
noted between the ISA and IEC 60079-11 standard are:

e Additional U.S. national standards for the equipment are included in the ISA standard.
Additional references in UL 60079-11 are to align with U.S. practice and the NEC, and implies
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that there are additional requirements that need to be followed for equipment testing and
acceptance.

e C(Clearances, creepage distances and separations between conductive parts requirements in the
ISA standard is more stringent than the IEC standard.

e ISA 60079-11 requires additional condition to be met if “ia” apparatus uses series current
limiters consisting of controllable and non-controllable semiconductor devices in Division 1. The
conditions in the ISA standard are that both the input and output circuits are to be intrinsically
safe or it is to be demonstrated that the semiconductors or controllable semiconductor devices
cannot be subjected to transients from the power supply network.

The requirements in the ISA 60079-11 and IEC 60079-11 are the same except for the U.S. National
Differences in the ISA standard. It is concluded that due to these national differences the requirements
in IEC 60079-11 do not meet the requirements in ISA 60079-11.

3.5.9 ANSI/ISA 60079-15 vs IEC 60079-15

This is the common ISA and UL standard 60079-15 Explosive atmospheres — Part 15: Equipment
protection by type of protection "n" (nC, nA and nR). This ISA standard is based on the fourth edition of
IEC 60079-15. This standard adopts the IEC text with U.S. National Differences. Comparative assessment
of IEC 60079-15 (Ed. 4) and ISA 60079-15 (Ed. 4) was conducted to determine if the IEC standard meets,
exceeds or does not meet the ISA-standard. The following major differences are noted between the ISA
60079-15 and IEC 60079-15 standard:

e Additional U.S. national standards for the equipment are included in the ISA standard.
Additional references in UL 60079-11 are to align with U.S. practice and the NEC and implies that
there are additional requirements that need to be followed for equipment testing and
acceptance.

e ISA 60079-15 has included a difference that the normal Dielectric Strength Test voltage is to be
based upon the applicable industrial standard for the individual items of electrical equipment
where such requirements exists. IEC 60079-15 does not have a similar requirement.

e |ISA 60079-15 requires that the electrical connection should be able to provide contact pressure
that is not applied through the insulating material. However, the IEC standard allows the contact
pressure to be applied through the insulating material if earth continuity test of IEC 60079-0 is
accomplished. The UL standards for ordinary locations do not permit the transfer of contact
pressure through insulating material.

e General purpose induction motors are permitted by NEC Article 505. It is noted that similar
statement is not included in the IEC standard.

e Per ISA 60079-15 plugs and sockets must be capable of being connected to wiring methods such
as extra-hard usage cord (NEC Articles 400, 501), instrumentation tray cable (Type ITC) (NEC
Article 727), power-limited tray cable (Type PLTC) (NEC Article 725). ISA 60079-15 also requires
cable assemblies and the associated separate plugs and sockets shall be in accordance with UL
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2238 Standard for Cable Assemblies and Fittings for Industrial Control and Signal Distribution or
UL 2237, “Multi-Point Interconnection Power Cable Assemblies for Industrial Machinery”.

e Additional requirements included in ISA standard with regard to conduit entries, gasket seal,
cable glands for restricted-breathing enclosures protecting equipment producing arcs, sparks or
hot surfaces.

The requirements in the ISA 60079-15 and IEC 60079-15 are the same except for the U.S. National
Differences in the ISA standard. It is concluded that due to these national differences the requirements
in IEC 60079-15 (Ed.4) do not meet the requirements in ISA 60079-15 (Ed.4).

The latest version of the IEC standard 60079-15 (Ed. 5) was published on 8 Dec 2017. IEC 60079-15:2017
(Ed. 5) specifies requirements for the construction, testing and marking for Group |l electrical equipment
with type of protection “n” which includes; sealed devices “nC”, hermetically sealed devices “nC”, non-
incendive components “nC” and restricted breathing enclosures “nR” intended for use in explosive gas
atmospheres. The requirement for “nA” protection have been relocated from IEC 60079-15 to IEC
60079-7 (edition 5.0). Former marking of “nA” has been replaced by marking “ec”.

3.5.10 ANSI/UL 60079-18 vs IEC 60079-18

ANSI/UL 60079-18, the U.S. Nationalized version of IEC 60079-18 standard contains specific
requirements for the construction and testing of electrical equipment with the type of protection
Encapsulation "m", intended for use in explosive gas atmospheres. Comparative assessment of IEC
60079-18 (Ed. 4) and UL 60079-18 (Ed. 4) was conducted to determine if the IEC standard meets,
exceeds or does not meet the UL-standard. It was noted that additional U.S. national standards for the
equipment are included in the UL standard. Even though these additional references are included in the
UL 60079-18 Standard, there is no impact on the safety of the equipment. As such the requirement in
IEC 60079-18 is considered to meet UL 60079-18 for equipment in explosive gas atmosphere.

3.5.11 ANSI/ISA 60079-25 vs IEC 60079-25

ANSI/ISA 60079-25 is the U.S. Nationalized version of IEC 60079-25 standard contains specific
requirements for construction and assessment of intrinsically safe electrical systems, type of protection
“i”. Comparative assessment of IEC 60079-25 (Ed. 2) and ISA 60079-25 was conducted to determine if
the IEC standard meets, exceeds or does not meet the ISA-standard. The following major differences are
noted between the ISA and IEC 60079-25 standard:

e Additional reference to the NEC is included in UL Standard.

e ISA-60079-25 references NEC Article 504.10 requirements regarding installation of intrinsically
safe wiring. This is a U.S. national difference from the IEC standard which requires following the
NEC requirements for intrinsically safe wiring.
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e Surge protective devices for protection against lightning and other electrical surges are required
to be tested to applicable industry standards as per ISA standard. It is not a requirement in IEC
standard that the device be verified for requirements in ordinary location standards.

The requirements in the ISA 60079-25 and IEC 60079-25 are the same except for the U.S. National
Differences in the ISA standard. It is concluded that due to these national differences the requirements
in IEC 60079-25 do not meet the requirements in ISA 60079-25.

3.5.12 ANSI/UL 60079-26 vs IEC 60079-26

ANSI/UL 60079-26 is the U.S. Nationalized version of IEC 60079-26 standard contains specific
requirements for Equipment with protection level EPL Ga. Comparative assessment of IEC 60079-26 (Ed.
3) and UL 60079-26 (Ed. 3) was conducted to determine if the IEC standard meets, exceeds or does not
meet the ISA-standard. The following major difference are noted between the UL and IEC 60079-26
standard:

e Additional U.S. national standards for the equipment are included in the ISA standard.
Additional references in UL 60079-11 are to align with U.S. practice and the NEC and implies that
there are additional requirements that need to be followed for equipment testing and
acceptance.

e The scope of the IEC standard includes alternative requirements for construction, test and
marking for electrical equipment that provide EPL Ga when single standardized type of
protection (e.g. “ia”) cannot be applied. This scope is not included for the UL standard as it is not
allowed in U.S.

e Itis noted that IEC 60079-26 provides more detailed requirements regarding the materials of
partition walls which is a mechanical element that separates the different parts of equipment
with different Equipment Protection Levels, however UL 60079-26 does not appear to have any
specific requirement.

The requirements in the UL 60079-26 and IEC 60079-26 are the same except for the U.S. National
Differences in the ISA standard. It is concluded that due to these national differences the requirements
in IEC 60079-26 do not meet the requirements in ISA 60079-26.

3.5.13 ANSI/ISA 60079-27 vs IEC 60079-27

ISA 60079-27 is based on the first edition of IEC 60079-27 and adopts the IEC text with U.S. National
Differences. This standard contains the details of apparatus, systems and installation practice for use
with the Fieldbus Intrinsically Safe Concept (FISCO) for installation and use in Class |, Zones 0 and 1 and
the Fieldbus Non-Incendive Concept (FNICO) for installation and use in Class |, Zone 2. Comparative
assessment of the first editions of IEC 60079-27 and ISA 60079-27 was conducted to determine if the IEC
standard meets, exceeds or does not meet the ISA-standard. Following major differences are noted
between the ISA and IEC 60079-27 standard:
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e Additional references to U.S. standards are included in ISA standard to align with U.S. practice
and the NEC and implies that there are additional requirements that need to be followed for
equipment testing and acceptance.

e As per ISA 60079-27, the control drawing, which is used to represent the drawing or document
provided by the manufacturer that details the allowed interconnections between the
intrinsically safe and associated apparatus or between the non incendive field wiring and
associated nonincendive field wiring apparatus, must comply with the applicable requirements
of ISA-RP12.02.02. This requirement is not included in IEC 60079-27. Instead of control drawing,
IEC 60079-27 refers to apparatus documentation, however, is not required to comply with any
national standards.

The requirements in the ISA 60079-27 and IEC 60079-27 are the same except for the U.S. National
Differences in the ISA standard. It is concluded that due to these national differences the requirements
in IEC 60079-27 do not meet the requirements in ISA 60079-27.

3.5.14 ANSI/ISA 60079-29-1 vs IEC 60079-29-1

ISA 60079-29-1 is based on the first edition of IEC Publication 60079-29-1. The document is a
modification of the IEC standard and includes U.S. National Differences encompassing both additions
and deletions of information. This standard provides guidance for the selection, installation, use and
maintenance of gas detecting apparatus as set out in ANSI/ISA-60079-29-2: Explosive atmospheres —
Part 29-2: Gas detectors — Selection, installation, use and maintenance of detectors for flammable gases
and oxygen. Comparative assessment of the first editions of IEC 60079-29-1 and ISA 60079-29-1
(12.13.01) was conducted to determine if the IEC standard meets, exceeds or does not meet the ISA-
standard. The following major differences are noted between the ISA and IEC 60079-29-1 standard:

e Additional references to U.S. standards are included in ISA standard to align with U.S. practice
and the NEC and implies that there are additional requirements that need to be followed for
equipment testing and acceptance.

e ISA 60079-29-1 has included clarification regarding the indicating devices used to show that gas
detection devices are energized. Further, ISA standard has additional requirements with regard
fault signals.

e ISA 60079-29-1 requirements for IR sensor test using optical filters for response to different
gases has been deleted as part of national differences since special filter production by the
manufacturer and filter validation by the test laboratory is impractical.

e Humidity requirements in ISA 60079-29-1 have been modified for administering the test in
accordance with past U.S. practice for ease of administering the test to the minimum level
requirements of the standard. The humidity test requirement in IEC 60079-29-1 is more
stringent.

e With regard to the test procedures for pressure testing, selection of samples for testing,
calibration curve/accuracy test, high gas concentration operation above the measuring range,
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electromagnetic immunity test methods, ingress protection tests ISA standard has additional
requirements.

The requirements in the ISA 60079-29-1 and IEC 60079-29-1 are the same except for the U.S. National
Differences in the ISA standard. It is concluded that due to these national differences the requirements
in IEC standard 60079-29-1 does not meet ISA standard 60079-29-1.

3.5.15 ANSI/ISA 60079-29-2 vs IEC 60079-29-2

ISA 60079-29-2 gives guidance on, and recommended practice for, the selection, installation, safe use
and maintenance of electrically operated group Il apparatus intended for use in industrial and
commercial safety applications for the detection and measurement of flammable gases complying with
the requirements of ISA-60079-29-1 and ANSI/ISA-12.13.04 Performance Requirements for Open Path
Combustible Gas Detectors. Comparative assessment of IEC 60079-29-2 (Ed. 2) and ISA 60079-29-2
(12.13.02)-2012 was conducted to determine if the IEC standard meets, exceeds or does not meet the
ISA-standard. The following major differences are noted between the ISA and IEC 60079-29-2 standard:

e Additional U.S. national standards for the equipment are included in the ISA 60079-29-2 with
additional references to align with U.S. practice and the NEC.

e Inthe latest edition of IEC 60079-29-2 additional requirements and guidance regarding open
path gas detection system is provided. Open path equipment monitors a linear path through the
atmosphere.

e ISA 60079-29-2 has included the national difference that the oxygen detector used should
conform to requirements in ANSI/ISA 92.04.01, Performance Requirements for Instruments Used
To Detect Oxygen-Deficient/Oxygen-Enriched Atmospheres.

e The latest edition of IEC 60079-29-2 has Clause 4.5, which provides additional guidance
regarding the use of gas detection as means of reducing risk of explosion. ISA 60079-29-2 does
not have these additional guidance as the standard is the nationalized version of the previous
edition of the IEC standard. It is noted that similar provisions regarding the use of gas detection
as in IEC standard is included in APl RP 505 Section 6.8 and NEC Article 505.8 (l).

e |EC60079-29-2 allows the use of alternative detection technologies such as ultrasonic detectors,
infrared cameras for detecting presence of gas. However, the requirement that allows the use of
alternative gas detection technologies is not included in the ISA 60079-29-2.

e |EC60079-29-2 provides additional details with regard to the fixed gas detection equipment
such as point detection equipment, remote sensors with centralized control equipment, sample
systems with centralized sensor package, and open path equipment.

e |EC60079-29-2 provides additional clarification regarding the effect of sudden change in
temperature and pressure on the equipment when moved from area to area. These additional
requirements are not included in ISA 60079-29-2.

e In|EC 60079-29-2, guidance regarding remote sensors and point sensors are provided. ISA
60079-29-2 includes a national difference in the Clause 8.1 that “Open Path or LOS gas detection
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systems are not recommended for applications where gas detection is used as a protection
technique, as permitted in NEC Articles 500.7(K) and 505.8(l)".

e |EC 60079-29-2 provides guidance that suitable precautions are to be taken to protect sensors
from galvanic corrosion when in contact with other materials. This requirement regarding
galvanic corrosion protection not included in ISA 60079-29-2.

The nationalized version of the IEC 60079-29-2 is published by ISA with National Differences. The IEC
standard does not meet the ISA standard in some of the clauses. However, the latest edition of IEC
60079-29-2 is the second edition. The comparative assessment was performed between ISA 60079-29-2
(first edition) and IEC 60079-29-2 (Edition 2.0). There are several changes in the latest edition of the IEC
standard which exceed the requirements in the ISA standard and have not yet been incorporated into
ISA 60079-29-2.

3.6 IEC60079 vs. FM Series (Task 4)

FM Approvals LLC (FM) is a developer of approval standards for testing and certifying products including
electrical equipment for use in explosive atmospheres using the FM 3600 series of standards. This
section provides the summary of the finding and conclusions from the Task 4 comparative assessment of
the following FM standards with IEC 60079 series of standards. Detailed findings are contained in the
Task 4 report in Appendix E.

e FM 3600 vs IEC 60079-0
e FM 3610 vs IEC60079-11
e FM 3611 vsIEC60079-15
e FM 3615 vs IEC60079-1
e FM 3620 vs IEC 60079-2

The FM and the IEC differ on their approach to approval and certification, the FM’s Basis for Approval
includes two aspects; (1) verifying products meeting the performance requirements as specified in the
standard(s) and (2) evaluating product manufacturers through surveillance audit programs. Although
the IEC does establish standards for quality systems, testing laboratories, certifying body qualification, it
does not provide any attestation of conformity. This standard series defines manufacturers’
responsibilities for the products, such as type tests, routine tests, marking and instructions, etc.
Manufacturer evaluation is not included in the scope.

3.6.1 FM 3600 vsIEC60079-0

FM 3600 identifies the basis for approval of electrical equipment installed in hazardous (classified)
locations. This standard was compared to IEC 60079-0, which provides general requirements for
construction, testing and marking of electrical equipment for use in explosive atmospheres.
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The scope of the comparative assessment between the FM3600 with the IEC Standard 60079-0 includes
the topics such as Scope and application, General information, Marking requirements, Performance
requirements, and Operations requirements.

Scope and Application

The scope of FM 3600 indicates that for electrical equipment for Class I, Il or lll, Division 1 or 2
hazardous locations, FM 3610, FM 3611, FM 3613, FM 3615, FM 3616, FM 3620 and FM 6310/6320 are
applicable; and for electrical equipment for Class |, Zones 0, 1 or 2, the requirement in ANS/ISA 60079
series of standards are referenced. The scope of IEC 60079-0 standard is defined in Clause 1, which
includes general requirements for construction, testing and marking of electrical equipment and Ex
components for use in explosive atmosphere. The general requirements are to be supplemented or
modified the listed standards concerning specific types of protection.

General Information

Both FM 3600 and IEC 60079-0 standards require that electrical equipment and components in
hazardous (classified) locations shall also comply with applicable safety requirements of the relevant
industrial standards for installation in ordinary locations (unclassified). However, IEC 60079-0 does not
require that the compliance with the industrial standard be verified, whereas FM standards for ordinary
locations have requirements that equipment be verified by the testing lab.

Marking Requirements

In general, the marking requirements in both standards provide similar information as listed here. FM
3600 also refers to ISA 60079 series of standards. The marking requirement in ISA 60079 standards are
applicable for electrical equipment for Class 1, Zone 0, 1, or 2 hazardous locations. The comparison of
marking requirements between IEC and ISA 60079 series of standards are summarized in Section 3.7 of
this report. Although it may be considered that IEC 60079-0 does not meet FM 3600 for marking due to
the differences between the standards, it should have no material effect on the safety level of
equipment operation.

Performance Requirements

The performance requirements considered in FM 3600 include mechanical strength, non-metallic
enclosure materials chemical compatibility, non-metallic enclosure materials aging and metallic
enclosure reactance. In addition to these items covered by FM 3600, IEC 60079-0 has also specified
detailed requirements on opening times, circulating currents in enclosures, gasket retention,
electromagnetic & ultrasonic energy radiating equipment.

With regard to the testing for mechanical strength, it is to be noted that the Resistance to Impact test in
IEC 60079-0 exceeds the requirements in FM3600. Also, IEC 60079-0 exceeds FM 3600 requirements for
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non-metallic enclosures testing for aging, earth continuity, surface resistance test and measurement of
capacitance. However, these differences have no major impact. For electrical equipment for Class |,
Zones 0, 1 or 2, it is required by FM 3600 that the requirement in ANS/ISA 60079 standards referenced
in FM 3600 Clause 1.2.2 be complied with.

For metallic enclosures, FM 3600 has a maximum limit of copper content of alloy (30%) less than that is
required by IEC (60%) for use in Class |, Group A (equivalent to Group IIC containing acetylene). For the
enclosure material requirement for equipment in Group A classified locations, IEC 60079-0 does not
meet the requirements in FM 3600.

Operations Requirement

The operations requirements in FM 3600 include manufacturers’ quality control program and
surveillance audit program. IEC 60079-0 defines manufacturers’ responsibilities in Clause 28 and type
tests and routine tests requirements in Clauses 26 and 27 respectively. The manufacturer is required to
carry out the verification tests specified in the standards, prepare or have prepared certificates and
make marking per the requirements as specified in Clause 29. The IEC 60079 series of standards alone
do not cover manufacturing quality control, and independent third-party verification.

Based on the differences identified in the comparative assessment, it is concluded that although IEC
60079-0 exceeds some requirements in FM 3600, the IEC standard does not meet the requirements of
FM 3600 in some of the sections as identified above.

3.6.2 FM3610vsIEC60079-11

FM 3610 defines the approval criteria for intrinsically safe apparatus intended for use in, and associated
apparatus for connection to classified locations. This standard was compared to IEC 60079-11, which
includes construction and testing of intrinsically safe apparatus for use in an explosive atmosphere and
for associated apparatus, which is intended for connection to intrinsically safe circuits that enter such
atmosphere. IEC 60079-11 is also applicable to electrical equipment or parts located outside the
explosive atmosphere or protected by another type of protection where the intrinsic safety of the
electrical circuits in the explosive atmosphere may depend upon the design and construction of
electrical equipment or parts of electrical equipment. The requirements for intrinsically safe systems are
provided in IEC 60079-25.

For intrinsically safe equipment and circuits for used in Class |, Division 1, Group A, B, C & D hazardous
locations, FM 3610 refers to U.S. nationalized version of IEC 60079-11 (ANSI/ISA 60079-11, 2014) for
Category “ia”, Group IIC, IIB and/or IIA, except equipment marking requirements are modified in Clause
5 of FM 3610. FM 3610 also defines the specific requirements for intrinsically safe equipment and
circuits for use in Class Il and Ill.

In addition to the general marking requirements specified in FM 3600, specific marking for intrinsically
safe apparatus are required:
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e FM 3610 marking for intrinsically safe apparatus provides limited information, while IEC 60079-
11 marking with ia, ib and ic provide protection level and suitability to Zone classification

e Some parameters are not mentioned in FM 3610, which are required by IEC 60079-11, such as
Uo, Um, IP, etc.

e FM 3610 requirements for associated apparatus are more detailed than IEC 60079-11

e FM 3610 provides more warnings examples for repair, maintenance and operational concerns

Similar to the requirements in FM 3600, the operations requirements in the FM 3610 include
manufacturers’ quality assurance program and surveillance audit program. In addition to the
manufacturer’s responsibilities requirements in IEC 60079-0, documentation for specific information
related to intrinsically safe equipment are required in IEC 60079-11, including electrical parameters,
special instructions for installation, live maintenance, environmental conditions, etc.

Based on the differences identified, it is concluded that the requirements in IEC 60079-11 do not meet
the FM 3610 requirements in the sections identified above.

3.6.3 FM 3611 vsIEC 60079-15

FM 3611 defines approval standards for nonincendive electrical equipment for use in Class I and I,
Division 2 and Class Ill, Divisions 1 and 2 hazardous (classified) locations. Nonincendive equipment
includes equipment having electrical / electronic circuitry that is not capable of, under normal operating
conditions, causing ignition of a specified gas, vapor mixture due to arcing or thermal means.

IEC 60079-15 is applicable to non-sparking electrical equipment and also to electrical equipment with
parts or circuits producing arcs or sparks or having hot surfaces which, if not protected in one of the
ways specified in this standard, could be capable of igniting a surrounding explosive gas atmosphere. IEC
60079-15 provides the requirements for the construction, testing and marking for Group |l electrical
equipment with type of protection “n” for use in explosive atmospheres. Type of “n” include “nA” for
non-sparking, “nC” enclosed-break device/hermetically-sealed device/non-incendive component/sealed
device and “nR” restricted breathing enclosure.

Verification of the compliance with the requirements for electrical equipment in ordinary locations is
not required in IEC 60079 series; however, is required by the FM standard. Therefore the IEC standard
does not meet FM 3611 requirements regarding the verification of safety of electrical equipment in
ordinary locations.

FM 3611 adopts the requirements of ISA 12.12.01 Nonincendive Electrical Equipment for Use in Class |
and Il, Division 2 and Class lll, Divisions 1 and 2 Hazardous (Classified) Locations as the basis and adds
additional marking and operational requirements. The most updated version of ISA 12.12.01 was
published in 17 November 2015, as ANSI/ISA-12.12.01-2015. Comparison between ISA 12.12.01 and IEC
60079-15 was performed.
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Equipment and its usages considered by ISA 12.12.01 and FM 3611 includes normally nonarching
components, nonincendive components, sealed devices, enclosed-break device and their usage in a
nonincendive circuit. All these components and applications are also addressed in IEC 60079-15. The
following major differences are identified based on the comparative assessment:

e ISA12.12.01 requires that fuses used in circuits that are subject to overloading in normal use are
to be housed in an enclosure suitable for Division 1 location. ISA requirements are more
stringent than IEC 60079-15.

e |EC 60079-15 has requirements regarding maximum capacity, connections, charging and
discharging modes, creepage and clearance, containers, ventilation and seals. ISA 12.12.01 does
not have similar requirements.

e ISA12.12.01 has included requirements for components that are considered as nonarching in
normal operation; such as connectors, plug-in components, plug-in fuses, circuit breakers, lamps
and cables assemblies to equipment. IEC 60079-15 has equivalent requirements for most
components, but specifies more details for pluggable connection, lamps, etc.

e |SA12.12.01 requires that testing be conducted with spark test apparatus complying with ISA
60079-11, which is the same as required by IEC 60079-11, and based on a 1.0 safety factor.
IEC60079-11 defines the safety factors for various applications and conditions, with a safety
factor of 1.5 is used for several cases, exceeding that of the ISA standard.

e Test methods for enclosed break devices defined in ISA 12.12.01 and IEC 60079-11 are the same
except for test gas mixture and their concentrations defined in ISA and IEC are different.
Therefore, the test conditions defined in ISA 12.12.01 are more stringent than in the IEC
standard.

e The test procedure for Air Leakage Tests is the same in ISA 12.12.01 and IEC 60079-11. IEC
60079-11 required water temperature is higher than the ISA standard (IEC 65°C vs. ISA 50°C). For
sealed devices, IEC 60079 requirements exceed ISA 12.12.01.

Based on the differences identified, it is concluded that although IEC 60079-15 exceeds some of the
applicable requirements in ISA 12.12.01 as referenced by FM 3611 and does not meet the FM 3611
requirements in the sections identified above.

3.6.4 FM 3615 vsIEC60079-1

The term “Explosionproof equipment” is used in FM 3615, which is the same definition used by NEC
Article 100. FM 3615 contains three aspects — “equipment enclosed in a case that is capable of 1)
withstanding an internal explosion of a specified gas or vapor-in air atmosphere; 2) preventing the
ignition of a specified gas or vapor-in-air surrounding the enclosure due to spark, flashes or internal
explosion; 3) operating at temperatures which will not ignite the surrounding atmosphere.”

IEC 60079-1 uses the term “flameproof” enclosure containing two aspects: enclosure can “1) withstand
the pressure developed during an internal explosion of an explosive mixture; 2) prevent the
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transmission of the explosion to the explosive gas surrounding the enclosure.” Although operating
temperature is not mentioned in the definition, it is required to be indicated on the marking for certified
equipment. Therefore, the scope of FM 3615 is covered by IEC 60079-1.

The scope of the comparative assessment between the FM 3615 with IEC Standard 60079-1 includes the
topics such as marking requirements, construction requirements, performance requirements, and
operations requirements.

Marking requirements

In addition to the marking requirements in FM 3600, FM 3615 requires three precautionary warning
information to be placed on the equipment. FM 3615 and FM 3600 also refers to ISA 60079-1. The
marking requirement in ISA 60079-1 is applicable for electrical equipment for Class 1, Zone 0, 1, or 2
hazardous locations.

Construction requirements

FM 3615 specifies construction requirements in the various aspects for explosion-proof equipment, such
as enclosure mechanical strength, enclosure joints, flame path dimension, joint material (non-metallic),
gaskets, cements, flexible cords and bushing, material applied to joint surface for corrosion protection,
joint securing fasteners, enclosure requirements for outdoor classified location, and energized parts.
The following differences were noted regarding construction requirement between FM and IEC
standard:

e Flame-path Dimensions - FM 3615 required gaps are smaller than the IEC standard, thus FM
3615 requirements are more stringent than IEC 60079-1

e Joint Material — Non-Metallic Enclosures - IEC 60079-1 requires resistance to cracking and
creepage distances on internal surfaces of the enclosure walls, which is not covered by FM 3615

e Gaskets - IEC 60079-1 requires the minimum width of cylindrical parts be maintained before and
after compression; while the FM standard permits non-metallic gaskets to cushion a lens and
requires them to meet non-metallic enclosure requirements.

e Cements (Sealing Adhesive and Poured Seals) - FM 3615 defines the softening point of sealing
material, which is not mentioned by IEC 60079-1. IEC 60079-1 requires over-pressure test with
water, which is not required by FM 3615.

e Enclosure requirements for outdoor classified locations — FM 3615 requires enclosures to meet
ANSI/NEMA 250 and flame path be protected against corrosion. IEC 60079-1 doesn’t specify the
same. It is understood that ingress protection standard IEC 60529 will be applied.

e Energized external parts — FM 3615 requires that any energized part of explosion-proof
equipment not protected by the explosion proof enclosure shall be protected using intrinsically
safe type protection per FM 3610.

e |EC60079-1 provides requirements for more types of equipment such as switchgear.
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Performance Tests & Evaluation

The following differences were noted regarding the test requirements between FM 3615 and IEC 60079-
1

e Conduit Opening Torque Test - IEC provides values for stopping plugs (higher than thread
adapter), which are not included in the FM 3615.

e Hydrostatic Tests - FM 3615 requires test pressure to the highest ignition pressure obtained
from explosion pressure test multiplied by safety factors for various moldings and materials. IEC
60079-1 provides various options for overpressure tests: static and dynamic. Static overpressure
test in IEC 60079-1 is considered as less stringent than FM 3600. FM 3615 does not have
dynamic test procedure defined.

e Impact Tests - IEC 60079-1 provides more details for various groups of enclosures for impact
tests as well as more stringent test conditions than FM 3615

Based on the differences identified, it is concluded that although IEC 60079-1 exceeds some of the
applicable requirements in FM 3615, and does not meet the FM 3615 requirements in the sections
identified above.

3.6.5 FM 3620 vsIEC 60079-2

The scope covered in FM 3620 includes purged and pressurized electrical equipment (not including
purged and pressurized control rooms) and purged and pressurized electrical equipment having an
internal source of gas or vapor. FM 3620 defines three types of pressurizing X, Y, Z and allows to reduce
the classification within the protected enclosure, such as Division 1 to unclassified (X), to Division 2 (Y),
from Division 2 to unclassified ().

The Scope of IEC 60079-2 includes the same topics and specifies the exclusions of enclosures having
containment system releasing oxygen content greater than 21%, pressurized enclosures where explosive
dusts, hybrid mixtures, etc. are present. IEC 60079-2 uses level of protection “pxb”, “pyb”, “pzc”
selected based upon the required EPL, whether there is the potential for an internal release and
whether the equipment within the pressurized enclosure is ignition-capable, as listed in IEC 60079-2
Table 1. Protection level in the IEC standard focuses on the hazards the equipment may face and the
techniques to address the concern. No general statements for reducing hazardous classification are
given in NEC. However, the final results are the same, proper protection measures or techniques are to
be used to ensure the equipment is capable of operating safely in the environmental conditions
anticipated. IEC 60079-2 and FM 3620 use different terms for describing the same subject.

FM 3620 uses ANSI/NFPA 496-2013 Standard for Purged and Pressurized Enclosures for Electrical
Equipment as the basis for approval. Some modified requirements are specified in FM 3620. This
standard is used in conjunction with FM 3600.
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The scope of the comparative assessment between the FM3620 with the IEC Standard 60079-2 includes
the topics such as marking requirements, performance and construction requirements, general
requirements for pressurized enclosure, and operations requirements.

Marking requirement

The FM standards require Class and Division marking which is not required by the IEC standard. FM 3620
and FM 3600 also refer to ISA 60079-2. The marking requirements in ISA 60079-2 are applicable for
electrical equipment for Class 1, Zone 0, 1, or 2 hazardous locations. Although it may be considered that
IEC 60079-2 does not meet FM 3620 and ISA 60079-2 for marking due to the differences between the
standards, it should have no material effect on the safety level of equipment operation.

Performance and Construction Requirements

FM 3620 uses ANSI/NFPA 496-2013 as the basis for approval for purged and pressurized electrical
equipment. The following major differences were noted between ANSI/NFPA 496-2013 and IEC 60079-2:

e FM 3620 requires that enclosures can sustain an overpressure at greater of 300% of pressure
relieving setting or of the maximum enclosure operating pressure. Compliance verification tests
are required to be conducted for 1 minute. IEC 60079-2 requires the manufacturer to define the
maximum overpressure rating for the enclosure, and overpressure tests are to be conducted at
1.5 times the maximum overpressure rating or 200 Pa, whichever is the greater for 2 minutes.

e In FM 3620 standard, the requirements for mechanical strength resistance to impact is
considered not applicable to purged and pressurized equipment as the required interlocks and
alarms would provide fail-safe conditions. In IEC 60079-2, it is indicated that the resistance of
enclosure to impact is required for pressurized enclosures.

Operation Requirements

The operation requirements in FM 3620 Clause 5.0 refer to FM 3600 Clause 5.0. In addition to the
general requirements specified in IEC 60079-0, the IEC standard requires that the instructions to be
provided to the users regarding the protective gas and any alternative permitted. Recommendations
with respect to pressurization are provided in Annex D of IEC 60079-2.

General Requirements for Pressurized Enclosures

The following major differences were noted between ANSI/NFPA 496-2013 and IEC 60079-2 regarding
requirements for pressurized enclosures:

o NFPA 496 Explosion-proof conduit seal requirements are more stringent than IEC’s IP rating
requirement
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o NFPA 496 requires that the enclosure shall be maintained at a pressure of 25 pa above the
surrounding atmosphere during operation, while IEC 60079-2 requires an overpressure 50 Pa for
“pxb” and “pyb”, 25 Pa for “pzc”. Therefore IEC 60079-2 has more stringent requirements than
NFPA 496 in this aspect

e NFPA 496 also requires that failure of protective gas supply shall be alarmed for Type Y and Type
Z protection. IEC 60079-2 requires safety device to detect loss of minimum overpressure for all
levels of protection with more detailed requirements for sensor and alarm locations, piping
connections, etc.

e NFPA 496 requires that for Type Z protection, all components energized in absence of protective
gas be identified. IEC 60079-2 requires equipment with level of protection “pzc” that may
remain energized when it is not in operation be protected by EPL Ga, Gb, or Gc. Similar
requirements are also specified for Group | and Group Il gas in the IEC standard. The
protections techniques in IEC 60079-2 are more stringent than NFPA 496.

Based on the differences identified, it is concluded that although IEC 60079-2 exceeds some of the
applicable requirements in NFPA 496 as referenced by FM 3620, and does not meet the FM 3620
requirements in the certain aspects.

3.7 Listing, Marking and Documentation of Equipment Installed in
Hazardous Locations (AEx vs EEx) (Task 4)

This section contains a summary of the finding and conclusions from the Task 4 comparative assessment
of NEC Article 505, ANSI/ISA and UL 60079 series of standards and IEC 61892-1, IEC 61892-7 and IEC
60079 series of standards. Detailed findings are contained in the Task 4 report in Appendix E.

NEC Article 500 covers the requirements for electrical and electronic equipment and wiring for all
voltages in Class |, Division 1 and 2 locations where fire or explosion may exist due to flammable gases,
flammable liquid-produced vapors and combustible liquid-produced vapors. NEC Article 505 covers the
requirements for zone classification system as an alternative to the division classification system
covered in Article 500. Article 505 covers the requirements for electrical and electronic equipment and
wiring for all voltages in Class |, Zone 0, Zone 1, and Zone 2 hazardous (classified) locations where fire or
explosion hazards may exist due to flammable gases, vapors, or liquids.

NEC Article 505.9(l) indicates that equipment identified for Class I, Division 1 or Class |, Division 2 that
are marked in accordance with 500.8 (C), are also permitted to be marked with the following:

e Class | Zone 1 or Class 1 Zone 2 (as applicable)
e Gas Classification group as per Table 505.9 (C)(1)(2)
e Temperature Classification as per 505.9(D)(1)
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Also, it is to be noted that the equipment marked for Class I, Division1 hazardous locations may be used
in Class I, Zone 1 or Zone 2 locations for the same gas and with suitable temperature rating. Further,
equipment marked for Class |, Division 2 hazardous locations may be used in Class |, Zone 2 locations for
the same gas and with suitable temperature rating. APl RP 14 FZ (Edition 1) Section 6.4.1.4 (b) provides
guidance on use of Division rated equipment in Zone classified locations.

Based on the comparative assessments, regarding the marking requirements in NEC 505, ANSI/ISA and
UL 60079 series of standards and IEC 61892-1, IEC 61892-7 and IEC 60079 series of standards, the
summary of assessment is noted below:

e NECS505, ISA and UL 60079 require AEx marking vs IEC 60079 requires symbol EEx.

e NEC 505, ISA and UL 60079 require that Class and Zone of equipment be identified in the
marking.

e |EC 60079 series requires that the certificate number shall include the "X" suffix in accordance
with the marking requirements of IEC 60079-0 and the Specific Conditions of Use listed on the
certificate shall detail the requirements. However, the marking with U or X are not used for U.S.
standards. For U.S. standards, it is required that the equipment be marked in accordance with
ISA 60079-0 to indicate that there are special conditions of use. It is to be noted that although
the requirement in the standard differs regarding marking for special conditions of use, the
intent of the marking in both standards conveys the same information to the user.

e Under IEC 60079-0, an equipment can get EPL Ga protection level if the same equipment has
two independent types of protection, with EPL Gb. In such cases, the equipment is marked with
the symbols for the types (or levels) of protection joined with a “+”. However, ISA 60079-0 does
not allow the marking for Ga equipment using two independent types of protection as this
concept is not recognized in the NEC.

e For small Ex equipment and components, IEC 60079-0, considering the limitation in the space to
indicate all the details, does not require the labeling to indicate the temperature class and gas
group. However, ISA 60079-0 requires that Class, Zone, temperature class and gas group be on
the smallest unit package to comply with NEC marking requirements.

e As per IEC 60079-7, the Level of Protection of “eb” or “ec” is to be indicated. Clarification is
added in the UL 60079-7 standard that 2017 NEC, does not recognize “ec” as a Type of
Protection. The marking “nAc” or “nA” is substituted until this can be rectified.

e |EC 60079-26 requires where more than one type of protection is used as per Clause 4.1.2, the
symbols for the type of protection should be joined with a “+”. It is to be noted that the scope of
the UL 60079-26 is revised to exclude the application of two independent types of protection
providing EPL Gb in locations intended for EPL Ga. The application of two independent type of
protection providing EPL Gb in an area required by EPL Ga is not applicable for U.S. standards.

e |EC 60079-29-1 requires the marking to be in accordance with IEC 60079-0 and if the equipment
is not fully compliant with IEC 60079-0, then where equivalent safety is claimed, it is to be
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marked “s”. The marking type “s” is not in accordance with the NEC, therefore is not included in
ISA 60079-29-1.

3.8 Test Standard in NRTLS vs. IEC (Task 4)

This section contains a summary of the finding and conclusions from the Task 4 comparative assessment
of the test standards in the Nationally Recognized Testing Laboratories (NRTLs) and the IEC. Detailed
findings are contained in the Task 4 report in Appendix E.

Comparative analysis for the test standards in the NRTLs and the IEC standards for the electrical
equipment for use in classified locations was performed. U.S. test standards in the NRTLs are developed
by the OSHA recognized organizations such as the ANSI, UL, ISA and FM. The electrical equipment for
use in Hazardous (classified) locations requires NRTL approval as per OSHA 29 CFR 1910.307.

IEC 60079 series of standards is developed by IEC which provides general requirements and explosion
protection techniques for electrical equipment in explosive atmospheres.

The comparative assessment of UL, ISA, FM standards for electrical equipment for use in hazardous area
with IEC 60079 series of standards were performed. One major difference identified from the
assessment is regarding the requirement for verification of equipment for ordinary location standard.

¢ Inthe IEC 60079 series of standards ordinary location requirements are referenced so that the
equipment is constructed in accordance with the applicable safety requirements in these
industry standards. However, a clarification is given that it is not a requirement in IEC 60079
series that the compliance with these industrial standard be verified.

¢ Inthe U.S. standards, manufacturers must comply with the applicable requirements for similar
equipment for use in ordinary (unclassified) locations in addition to the hazardous area
requirements. U.S. standard ISA 60079-0 states that the equipment listed by NRTLs is considered
to meet the applicable requirements found in the ordinary location standards.

IEC has developed various separate standards for electrical equipment for use in ordinary locations for
regulatory bodies or independent testing laboratories to use. Specific testing requirements for various
electrical components depends on the type of certification that the manufacturer desires and are
contained in the various standards. Manufacturer can certify equipment to one or more of the
standards.

3.9 Hazardous Location Standards in IRF member countries vs. United
States (Task 4)

This section contains a summary of the finding and conclusions from the Task 4 comparative assessment
of the hazardous location standards in the International Regulators’ Forum (IRF) member countries to
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those standards used in the United States. Detailed findings are contained in the Task 4 report in
Appendix E.

The IRF is made up of 9 country members which include Australia, Brazil, Canada, Denmark, Mexico, The
Netherlands, New Zealand, Norway, United Kingdom and United States. This forum provides
international leadership on safety and safety-related regulatory matters for offshore installations. It
provides a platform for sharing of regulatory practice and experience among the member countries.
Research was done to identify the various electrical standards used by the offshore regulators in these
countries. Some of the information identified is included below:

e Australia and New Zealand - IEC 60079 series standards are adopted with national variations,
which are known as AS/NZS 60079 series standards

e Brazil - Brazilian Ex NBR IEC standards are fully harmonized with IEC 60079 Series.

e (Canada - Canada Oil and Gas Installations Regulations, SOR/96-118 refers to API RP 500 for the
classification of hazardous areas with respect to hazards caused by combustible gases on
offshore platforms

¢ Denmark and The Netherlands - Allows the use of IEC and ATEX standards for fixed offshore
installations

e Mexico - Mexico adopted the NEC 2011 in November 2012 with the effective date of May 30,
2013. Hence, for hazardous locations (special environments), NEC articles 500, 501, 504 and 505
should be applicable.

e Norway - Allows the use of various industry standards such as NORSOK, API or other normative
documents with supplementary addendums provided in the guidelines. NORSOK Standard E-001
for electrical system is mainly based on the IEC 61892.

e United Kingdom - For electrical equipment in hazardous areas, internationally recognized
standards such as IEC, IECEx, NEC, API 14/14FZ/500/505 and the ANSI/UL are accepted.

3.10 Exhibit of BSEE Personnel Using Standards for Ensuring Compliance
(Task 5)

This section contains a summary of the finding and conclusions from the Task 5 review of current
inspection practices used by BSEE inspectors to determine whether operators are in compliance with
the electrical standards. Findings and conclusions are grouped into two sections. Detailed findings are
contained in the Task54 report in Appendix F.

3.10.1 Analysis of PINCs

Analysis of the current PINCs identified some recommended modifications based on the information in
API RP 14F, 14FZ, 500 and 505. The recommended changes either modify the PINC text description, the
referenced authority, or both, in order to better capture Title 30 CFR 250 regulatory requirements, and

57



%;?ABS Group

Comparative Assessment of Electrical Standards and Practices: Final Report

better incorporate API RP 14F, 14FZ, 500 and 505Modify 4 PINCs. Modifications are recommended for
the following PINCs.

e F-101
e F-108
e P-154
e P-173

Analysis of the standard currently also incorporated into regulation by reference also identified areas
where new PINCs could be developed. The analysis found that 30 CFR 250 842(b)(1), 250.842(a)(3),
250.1628(b)(3) and 250.1628(d)(4)(ii) were not included in any of the existing PINCs. Further analysis of
the current PINC list identify items that do not explicitly exist in the regulations but that would further
promote safety during operations on the OCS, protection of the environment and a reduction in injuries,
loss of life and property. Title 30 CFR 250.114(a) and 30 CFR 250.114(c) require that all areas are
classified according to APl RP 500 or 505 and that all electrical installations are made in accordance with
API RP 14F or 14FZ. Based on the analysis for the BSEE regulations and standards incorporated into
these regulations by reference, 26 new PINCs were developed for consideration by BSEE.

3.10.2 Development of an Audit Protocol

This task also involved the development of an audit protocol for inspectors to use to determine if
operations are in compliance with standards. The IEC/ISA/UL harmonized standards, as well as the NEC,
are not incorporated into BSEE’s regulations. As such, it was determined that compliance should be best
determine by use of an audit checklist.

A single combined checklist was generated instead of separate checklists for each standard in order to
expedite the audit process and reduce redundancy as several inspection items are addressed in multiple
standards. The intended use of the Audit Checklist is comparable to how BSEE currently utilizes the
PINC list.

The use of an audit checklist could certainly help BSEE determine if operators are in compliance with the
standards as they conduct offshore operations. However, since the standards included in the checklist i
are not incorporated by reference into BSEE’s regulation, BSEE would need to determine its regulatory
authority to enforce compliance with these standards. The regulations in Title 30 CFR 250.101(a) provide
a possible citation to use. However, this regulation does not contain language related to “established
industry standards.”

3.11 United States vs. International Accreditation Practices (Task 6)

This section contains a summary of the finding and conclusions from the Task 6 comparative assessment
of the similarities and differences between how the United States accredits NRTLs and how international
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authorities accredit independent laboratories. Detailed findings are contained in the Task 6 report in

Appendix G. The following is a summary of the key points identified in the comparative assessment.

Public preliminary findings published for NRTL applications but are not required for the EU, UK
or IECEx.

A public review is held as part of a NRTL application but is not required for the EU, UK or IECEXx.
OSHA may allow NRTLs to self-certify against their letter of recognition which is not an option
for the EU, UK or IECExX.

The NRTL suspension, withdrawal and appeals processes are carried out in public compared to
the EU, UK and IECEx which carry them out internally with only the outcome made public.
NRTL requirements for test facility requirements include areas such as general security and fire
protection which are not covered by the EU, UK and IECEx procedures.

Requirements for general safety of employees are not covered by EU, UK or IECEx accreditation
procedures or ISO/IEC standards.

NRTLs do not allow manufacturers to self-certify their own products but ATEX (EU & UK) allows
for a limited amount of self-certification by manufacturers (ATEX equipment in group I,
category Ill).

NRTLs and IECEx require both product testing and manufacturer quality management system
assessment but ATEX (EU & UK) only requires one of the two.

NRTLs have strict ownership and financing requirements that may not be fully met by the
organizational independence requirements for EU NBs and IECEx ExCBs and ExTLs.

The following conclusions are applicable to independent testing laboratories SGS BASEEFA, PTB and LCIE

who are all accredited through EU legislation for ATEX as well as through the IECEx system for
equipment. Based upon the key points identified in the analysis section, the following conclusions can

be drawn:

10.

NRTL applications and appeals processes involve the public at an early stage in contrast to both
the EU and IECEx whose processes are all internal until the final decision. For established NB,
ExCBs and ExTLs this difference will not affect the quality of conformity assessments or
accredited products.

Renewal of NRTL recognition by self-certification against their letter of recognition is a weakness
of the OSHA NRTL program in comparison to the EU and IECEx. This issue has been clarified in
the draft NRTL directive and thus will close the perceived gap.

NRTL requirements for test facilities are not fully met for the EU and IECEX, specifically general
security, fire protection and personnel safety. These aspects are typically covered by national (or
regional (e.g. EU)) regulations but this difference has no significant effect on quality of
conformity assessments or accredited products.

Independence of assessors is required in all cases but the EU and IECEx may not meet all of the
NRTL requirements. The level of independence required is currently considered sufficient to
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ensure integrity of testing and assessment is maintained but the NRTL, EU and IECEx
requirements will become fully aligned when the draft NRTL directive is enacted.
11. ATEX does not provide a sufficient framework to be considered equivalent to the NRTL program
for the following major reasons:
a. Manufacturers are allowed to self-certify some low risk products
b. ATEX requires products to be either tested or made under an assessed quality
management system but not both
12. The IECEx Certified Equipment Scheme is broadly comparable? to the NRTL program. EXCBs and
ExTLs can therefore be considered to be equivalent to the corresponding parts of a NRTL (ExCB
for certification and ExTL for testing). However, there remain some differences which are likely
to prohibit use of IECEx certification directly in the US without changes to the law (particularly
labelling and markings).

As a number of NRTLs hold multiple accreditations, including IECEx, an interim solution for
manufacturers is to use those NRTLs to provide a fast track service to NRTL certification based upon
existing IECEx documentation. This is supported by the draft NRTL directive allowing for use of test
reports from IECEx and other accredited organizations.

4. Recommendations

Throughout this project, recommendations were developed to help make BSEE’s electrical-related
regulations easier to follow, easier to enforce and more inclusive of international approaches, where
appropriate. The intent of these recommendations is to promote safer operations on the OCS, better
protection of the environment and a reduction in injuries, loss of life and property. This section provides
recommendations in five areas.

4.1 Recommended changes to the PINCs

This project involved conducting a comparative assessment between various U.S. and international
electrical standards. This assessment concluded that the current list of PINCs contains gaps in methods
that could be help inspectors ensure compliance with each of the standards analyzed in Tasks 1 through
4 of this project.

1 Accreditation to ISO/IEC 17025 for testing and ISO/IEC 17065 for certification are also largely comparable to the
corresponding parts of a NRTL, particularly if endorsed by a regional or international cooperation body (such as IAF
and ILAC). However within the context of this analysis it is unlikely to see either of these separately from a
certification scheme such as ATEX or IECEXx.
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BSEE should review the recommended changes to the PINCs discussed in Appendix F. These include
modifications to 4 existing PINCs as well as the addition of 26 new PINCs to better evaluate compliance
with the standards currently incorporated into BSEE's regulations.

4.2 Implementation of an Audit Protocol

Neither the IEC, NEC nor ISA/UL harmonized standards are currently incorporated by reference into
BSEE’s regulations. In order to assess compliance with these standards, BSEE could implement an audit
protocol by using the Audit Checklist discussed above in Appendix F. This checklist will provide
inspectors with the necessary areas of focus in order to ensure BSEE facilities conduct offshore
operations in a manner that is compliant with the various international electrical standards that extend
beyond current regulation. BSEE should also review its authority to enforce these standards and provide
the appropriate enforcement guidance to inspectors and engineers.

4.3 Recommendations for Personnel Training

Paramount to the successful implementation of the recommended changes to the PINCs and audit
protocol, as well as an improved understanding of the domestic and international electrical standards, is
training. Electrical inspections focus on marking, documentation, installation, maintenance, operational
procedures and safe work practices. Engineering plan reviews involve a review of plans such as the
Deepwater Operating Plan (DWOP), Conceptual Plans, Develop and Production Plan (DPP), Exploration
Plan (EP), Development Operations Coordination Document (DOCD) and Application for Permit to Drill
(APD). Inspections of electrical components and the engineering review of electrical systems during plan
review and approval require extensive knowledge of the applicable regulations and standards in order
to adequately ensure safety for personnel and equipment.

BSEE should provide training to inspectors and engineers on the all of the U.S. and international
standards included in this project so that they are familiar with the various provisions in these
standards. This training should be designed and developed so as to replicate actual on-the-job
performance. For example, training scenarios could be developed that describe the current state of a
particular electrical system, component or piece of equipment on an offshore facility. Participants in the
training would use the PINCs and/or the audit checklist to discuss the given scenario and determine if
the electrical component is in compliance with the relevant regulation and standard. Based on their
conclusion, the participants would determine which enforcement option would be appropriate. ABS
Group developed a similar training program in 2014 for BSEE inspectors and engineers to become
familiar with the contents of APl RP14F (See contract number E14PB00037), which could serve as a
model for development of additional training.
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4.4 Provide Reference Material to Inspectors and Engineers

BSEE should obtain copies of the all of the U.S. and international standards referenced in this project for
use by engineers and inspectors during training and for use on the job. Additionally, BSEE should provide
inspectors and engineers with a copy of all of the reports developed during this project so they can
become familiar with the differences among the U.S. and international standards.

4.5 Recommendations to Current Regulations

BSEE incorporates standards into federal regulation by reference in Title 30, Code of Federal Regulations
Part 250.198. Currently BSEE only incorporates a limited number of the standards analyzed during this
project; namely APl RP 14F, APl RP 14FZ, API RP 500 and API RP 505. Since the federal regulations
represent minimum requirements, BSEE may want to consider incorporating clauses in the various
standards not currently incorporated into regulations that exceed the comparable clauses of the
standards that are currently incorporated into the regulations. The Task 5 report, contained in Appendix
F, includes a recommended approach for how BSEE could incorporate some of the standards included in
this project into regulation. The Task 5 report also provides recommended modifications to the text in
Title 30, Code of Federal Regulations, Part 250.198.
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Appendix A. Abstracts of Reviewed Standards

This appendix contains abstracts of the U.S. and international standards reviewed as part of the BSEE
Electrical Standards Comparison project. The abstracts were extracted from the introduction or scope
from each standard referenced.

ANSI/ISA-12.12.01-2015, Nonincendive Electrical Equipment for Use in Class I and Il, Division 2 and
Class I, Divisions 1 and 2 Hazardous (Classified) Locations (FM3611 cites ANSI/ISA-12.12.01-2015 for
requirements)

The standard provides minimum requirements for the design, construction, and marking of electrical
equipment or parts of such equipment for use in Class | and Class Il, Division 2 and Class Ill, Divisions 1
and 2 hazardous locations. The equipment is not capable of causing ignition of the surrounding
atmosphere under the conditions prescribed in this standard and in normal operation. However, the
equipment may contain electronic components used in an incendive circuit and may also have field
wiring that is an incendive circuit. The document also establishes uniformity in test methods for
determining the suitability of the equipment and associated circuits and components as they relate to
potential ignition of a specific flammable gas or vapour-in-air mixture, combustible dust, easily ignitable
fibers, or flyings.

(The International Society of Automation, 2018)

ANSI/ISA-60079-0 (12.00.01) Ed. 6, 2013, Explosive Atmospheres - Part 0: Equipment - General
Requirements

ANSI/ISA 60079-0 specifies the general requirements for construction, testing, and marking of electrical
equipment and EX components used in an explosive atmosphere. Explosive atmospheres are identified
as hazardous locations including Class 1, Zone 0, Zone 1, or Zone 2, and Zone 20, Zone 21, and Zone 22.
The standard specifies the standard atmospheric conditions that the electrical equipment may be
operated, but also specifies additional requirements when testing equipment outside of the standard
conditions. This standard does not specify safety requirements that are not directly related to explosion
risk.

(ANSI/ISA-60079-0 (12.00.01) Ed. 6, 2013)

ANSI/UL 60079-5, Ed. 4, April 29, 2016, Explosive Atmospheres - Part 5: Equipment Protection by
Powder Filling "q"

UL 60079-5 contains specific requirements for the construction, testing and marking of electrical
equipment, parts of electrical equipment and EX components filled with powder constituting "g" type
protection intended for use in explosive gas atmospheres. This standard supplements IEC 60079-0 and
supersedes it where there is a conflict, and provides significant changes to the previous edition. This
standard applies to electrical equipment, parts of electrical equipment and EX components with:

e Avrated supply current less than or equal to 16 A
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e A rated supply voltage less than or equal to 1000 V
e Arated power consumption less than or equal to 1000 W

(ANSI/UL-60079-5, Ed. 5, 2016)

ANSI/UL 60079-6 Ed. 4, April 29, 2016, Explosive Atmospheres - Part 6: Equipment Protection by Oil

n_n

Immersion "o

ANSI/UL 60079-6 specifies the requirements for the design, construction, testing, and marking of EX
Equipment and EX Components intended for use in explosive gas atmospheres employing protection
type "o" liquid immersion. These include:
e Level of Protection "ob" (EPL "MB" or "Gb"), standard applies to equipment when rated voltage
does not exceed 11kV r.m.s. a.c. or d.c.
e Level of Protection "oc" (EPL "Gc"), standard applies to equipment when rated voltage does not
exceed 11kV r.m.s. a.c. or d.c.
This standard supplements UL 60079-0 and supersedes it where there is a conflict, provides significant

changes to the previous edition.
(ANSI/ISA-60079-6, Ed. 4, 2016)

ANSI/ISA-60079-10-1, Ed. 5, February 24, 2017 (12.24.01) Ed. 1, 2014, Explosive Atmospheres — Part
10-1: Classification of Areas — Explosive Gas Atmospheres

ANSI/ISA 60079-10-1 is concerned with the classification of areas where flammable gas or vapor hazards
may arise and may then be used as a basis to support the proper selection and installation of equipment
for use in hazardous areas. It is intended to be applied where there may be an ignition hazard due to the
presence of flammable gas or vapor, mixed with air, but it does not apply to: mines susceptible to
firedamp; the processing and manufacture of explosives; catastrophic failures or rare malfunctions;
rooms used for medical purposes; commercial and industrial applications where only low pressure fuel
gas is used for appliances; domestic premises; where a hazard may arise due to the presence of
combustible dusts or combustible flyings but the principles may be used in assessment of a hybrid
mixture (refer also ANSI/ISA 60079-10-2). This standard supersedes ISA 60079-10.

(ANSI/ISA-60079-10-1, Ed. 1, 2014)

ANSI/ISA-60079-11 (12.02.01) Ed. 6.2, 2014, Explosive Atmospheres - Part 11: Equipment Protection by
Intrinsic Safety "i"

ANSI/ISA 60079-11 is concerned with the construction and testing of intrinsically safe apparatus, and for
apparatus that connect to the intrinsically safe circuits, intended for use in explosive atmospheres.
Intrinsically safe refers to equipment in which electrical circuits themselves cannot cause an explosion
under these specific conditions. The requirements for such equipment can be found in ANSI/ISA 60079-
25. This standard supplements ANSI/ISA 60079-0 and supersedes it where there is a conflict and
provides significant changes to the previous edition.

(ANSI/ISA-60079-11 (12.02.01) Ed. 6.2, 2014)



==

“ABS Group

Comparative Assessment of Electrical Standards and Practices: Final Report

ANSI/ISA-60079-15 (12.12.02) Ed. 4, 2012, Explosive Atmospheres - Part 15: Equipment Protection by
Type of Protection "n"

ANSI/ISA 60079-15 is concerned with the construction, testing and marking of Group Il electrical
equipment with type "n" protection intended for use in explosive gas atmospheres. This standard
applies when voltage of this equipment does not exceed 15 k r.m.s a.c or d.c. This standard is applied to
non-sparking equipment, parts of equipment or circuits that produce arcs or sparks that may be an
ignition hazard if not properly protected. This standard supplements ANSI/ISA 60079-0 and supersedes it
where there is a conflict and provides significant changes to the previous edition.

(ANSI/ISA- 60079-15 (12.12.02) Ed. 4, 2012)

ANSI/UL 60079-18 Ed. 4 December 14, 2015, Explosive Atmospheres - Part 18: Equipment Protection
by Encapsulation "m"

ANSI/UL 60079-18 specifies requirements for the construction, testing and marking of electrical
equipment, arts and Ex components with protection designated as encapsulation “m," intended for use
in explosive atmospheres. It applies when the rated voltage of components protected by encapsulation
"m" does not exceed 11kV but does not apply to dusts of explosions that do not require atmospheric
oxygen for combustion; or to pyrophoric substances. This standard supplements ANSI/ISA 60079-0 and
supersedes it where there is a conflict and provides significant changes to the previous edition.

(ANSI/UL-60079-18, Ed. 4, 2015)

ANSI/ISA-60079-25 (12.02.05)-2011, Explosive Atmospheres - Part 25: Intrinsically Safe Electrical
Systems

ANSI/ISA 60079-25 specifies requirements for construction and assessment of intrinsically safe electrical
systems designated as type "I" protection intended for use in in Class 1, Zone 0, 1, or 2, or Zone 20, 21,
22 hazardous locations. This standard supplements ANSI/ISA 60079-0, ANSI/ISA 61241-0, ANSI/ISA
60079-11 and ANSI/ISA 61241-11 and supersedes it where there is a conflict, and provides significant
changes to the previous edition.

(ANSI/ISA-60079-25 (12.02.05)-2011, 2011)

ANSI/UL 60079-26 Ed. 3, April 21, 2017, Explosive Atmospheres - Part 26: Electrical Apparatus for Use
in Class I, Zone 0 Hazardous (Classified) Locations

ANSI/UL 60079-26 specifies alternative requirements for construction, test and marking for electrical
equipment mounted across a boundary where different Equipment Protection Levels may be required.
This level of protection is designated as "Ga." This standard supplements ANSI/ISA 60079-0 and
supersedes it where there is a conflict and provides significant changes to the previous edition.

(ANSI/UL 60079-26 Ed. 3, 2017)

ANSI/ISA-60079-27 (12.02.04) Ed. 1, 2006, Explosive Atmospheres — Part 27: Fieldbus Intrinsically Safe
Concept (FISCO) and Fieldbus Non-Incendive Concept (FNICO)
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ANSI/ISA 60079-27 contains details of apparatus, systems and installation practice for use with the
FISCO installations in Class 1, Zones 0 and 1, and FNICO installations in Class 1, Zone 2. The standard is
based on Manchester encoded, bus powered systems designed in accordance with IEC 61158-2.
Requirements of FISCO and FNICO are determined in ANSI/ISA 60079-11 and ANSI/ISA 60079-15, except
where modified by this standard. Parts of the Fieldbus may be protected by other explosion protection
under ANSI/ISA 60079-0, in which case only parts attached to intrinsically safe or non-incendive trunks
or spurs are covered by this standard.

(ANSI/ISA-60079-27 (12.02.04 )Ed. 1, 2006)

ANSI/ISA-60079-29-1 (12.13.01) Ed. 1, 2013, Explosive Atmospheres - Part 29-1: Gas Detectors -
Performance Requirements of Detectors for Flammable Gases

ANSI/ISA 60079-29 specifies general requirements for construction, testing and performance, and
describes the test methods that apply apparatus for the detection and measurement of flammable gas
or vapor concentrations with air, intended for use in explosive atmospheres and in mines susceptible to
firedamp. This standard is applicable to:
e Flammable gas detection apparatus intended to provide an indication, alarm, or other output
function to give warning of potential explosion hazard
e Apparatus intended for use in commercial, industrial, and non-residential safety applications
This standard is not applicable to:
e External sampling systems
e Apparatus of laboratory or scientific type
e Apparatus used only for process control purposes
This standard supplements ANSI/ISA 60079-0 and supersedes it where there is a conflict, and provides
significant changes to the previous edition.

(ANSI/ISA-60079-29-1 (12.13.01) Ed. 1, 2013)

ANSI/ISA-60079-29-2 (12.13.02)-2012, Explosive Atmospheres - Part 29-2: Gas Detectors - Selection,
Installation, Use and Maintenance of Detectors for Flammable Gases and Oxygen

ISA 60079-29-2 gives guidance on the selection, installation, use and maintenance of electrically
operated group Il apparatus intended for use in industrial and commercial safety applications for the
detection and measurement flammable gases in compliance with ISA 60079-29-1 and ANSI/ISA 12.13.04.
This standard is applicable to oxygen measurement for inertisation where explosion protection is
provided by the exclusion of oxygen instead of measuring combustible gases or vapors present. The
standard is a compilation of practical knowledge to assist the use, and applies to apparatus, instruments,
and systems that indicate the presence of flammable or potentially explosive mixture of gas or vapor
with air using electronic signals from a gas sensor. This standard is also applicable to all new and (where
practicable) existing permeant installations. The standard only applies to apparatus as defined below:

e Fixed apparatus

e Transportable apparatus

e Portable apparatus

(ANSI/ISA-60079-29-2 (12.13.02)-2012, 2012)
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API RP 14F - Design, Installation, and Maintenance of Electrical Systems for Fixed and Floating
Offshore Petroleum Facilities for Unclassified and Class 1, Division 1 and Division 2 Locations (Fifth
edition, July 2008, Reaffirmed, April 2013)

This document recommends minimum requirements and guidelines for the design, installation, and
maintenance of electrical systems on fixed and floating petroleum facilities located offshore. For
facilities classified as Zone 0, Zone 1 or Zone 2, reference APl 14FZ, Recommended Practice for Design
and Installation of Electrical Systems for Fixed and Floating Offshore Petroleum Facilities for Unclassified
and Class I, Zone 0, Zone 1 or Zone 2. These facilities include drilling, producing and pipeline
transportation facilities associated with oil and gas exploration and production.

This recommended practice (RP) is not applicable to Mobile Offshore Drilling Units (MODUs) without
production facilities. This document is intended to bring together in one place a brief description of
basic desirable electrical practices for offshore electrical systems. The recommended practices
contained herein recognize that special electrical considerations exist for offshore petroleum facilities.

API RP 14FZ - Recommended Practice for Design and Installation of Electrical Systems for Fixed and
Floating Offshore Petroleum Facilities for Unclassified and Class I, Zone 0, Zone 1 and Zone 2 Locations
1 and Division 2 Locations (First edition, September 2001, Reaffirmed March 2007)

Recommends minimum requirements and guidelines for the design and installation of electrical systems
on fixed and floating petroleum facilities located offshore when hazardous locations are classified as
Zone 0, Zone 1, or Zone 2. These facilities include drilling, producing and pipeline transportation facilities
associated with oil and gas exploration and production. RP 14FZ describes basic desirable electrical
practices for offshore electrical systems. This document recognizes that special electrical considerations
exist for offshore petroleum facilities. These special considerations include the inherent electrical shock
possibility presented by the marine environment and steel decks; space limitations that require
equipment be installed in or near classified locations; the corrosive marine environment; motion and
buoyancy concerns associated with floating facilities. RP 14FZ applies to both permanent and temporary
electrical installations, and the guidelines provide a high level of electrical safety when used in
conjunction with well-defined area classifications. This document emphasizes safe practices for
classified locations on offshore petroleum facilities but does not include guidelines for classification of
areas.

API RP 500 - Recommended Practice for Classification of Locations for Electrical Installations at
Petroleum Facilities Classified as Class I, Division 1 and Division 2, (Second edition, November 1997,
Reaffirmed: November 2002)

This recommended practice provides guidelines for determining the degree and extent of Class I,
Division 1 and Class I, Division 2 locations at petroleum facilities, for the selection and installation of
electrical equipment. Basic definitions provided in the "National Electric Code" have been followed in
developing this document which applies to the classification of locations for both temporarily and
permanently installed electrical equipment. RP 500 is intended to be applied where there may be a risk
of ignition due to the presence of flammable gas or vapor, mixed with air under normal atmospheric
conditions.
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API RP 505 - Recommended Practice for Classification of Locations for Electrical Installations at
Petroleum Facilities Classified as Class I, Zone 0, Zone 1, and Zone 2 2 (First edition, November 1997,
Reaffirmed August 2013)

This recommended practice provides guidelines for determining the degree and extent of Class I, Zone 0,
Zone 1, and Zone 2 locations at petroleum facilities, for the selection and installation of electrical
equipment. Basic definitions provided in the "National Electrical Code" have been followed in
developing this document which applies to the classification of locations for both temporarily and
permanently installed electrical equipment. RP 505 is intended to be applied where there may be a risk
of ignition due to the presence of flammable gas or vapor, mixed with air under normal atmospheric
conditions.

Decision No 768/2008/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 9 July 2008 on a
common framework for the marketing of products

Decision No 768/2008/EC recommends a common framework or principles and reference provisions for
drawing up Community legislation harmonizing the conditions for the marketing of products. This
decision establishes procedures by which to assess conformity and quality. This decision amends
Directive 94/9/EC and repeals Decision 93/465/EEC.

(Decision No 768/2008/EC, 2008)

DIRECTIVE 2014/34/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 26 February 2014 on
the harmonization of the laws of the Member States relating to equipment and protective systems
intended for use in potentially explosive atmospheres (recast)

Directive 2014/34/EU is a declaration of conformity of the laws of Member States relating to equipment
and systems intended for use in potentially explosive atmospheres. The directive applies to:

- equipment and protective systems intended for use in potentially hazardous atmospheres

- safety devices, controlling devices and regulating devices intended for use outside potentially explosive
atmospheres but required for or contributing to the safe functioning of equipment and protective
systems with respect to the risks of explosion

- components intended to be incorporated into equipment and protective systems referred to in point
(a)

This directive is applicable as of April 20, 2016 and replaces Directive 94/9/EC.

(DIRECTIVE 2014/34/EU, 2014)

FM 3600: Approval Standard for Electrical Equipment for Use in Hazardous (Classified) Locations -
General Requirements (2001-12)

This standard serves as the basis for Approval of electrical equipment for use in hazardous (classified)
locations. This standard shall apply to:

a) Electrical equipment or parts of electrical equipment rated for use in Hazardous (Classified)
Locations as defined by the National Electrical Code® (NEC®), ANSI/NFPA 70;
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b) Associated equipment located outside of the Class |, Il or lll location whose design and
construction may influence those parts of the equipment within the classified location.

FM 3610: Approval Standard for Intrinsically Safe Apparatus and Associated Apparatus for Use in Class
1, Il & Ill, Division 1, Hazardous (Classified) Locations (2015-12)

This standard serves as the basis for Approval of intrinsically safe apparatus and associated apparatus.
Approval criteria may include, but are not limited to, performance requirements, marking requirements,
examination of manufacturing facility(ies), audit of quality assurance procedures, and a follow-up
program. This standard provides requirements for the construction and testing of electrical apparatus,
or parts of such apparatus, whose circuits are incapable of causing ignition in:

Classes |, Il & Ill, Division 1 hazardous (classified) locations as defined in Article 500 of the National
Electrical Code. ANSI/NFPA-70 (NEC). This standard is intended to be used in conjunction with FM
Approval Standard 3600 which includes the general requirements that apply to all types of classified
location protection methods. Intrinsically Safe Equipment and/or circuits for use in Class I. Division 1,
Groups A. B. Cand/or D Hazardous (Classified) Locations shall comply with all applicable requirements in
ANSI/ISA-60079- 11 2014 for Category "ia ", Group IIC, liB and/or lIA.

FM 3611: Approval Standard for Nonincendive Electrical Equipment for Use in Class | and I, Division 2
and Class Ill, Divisions 1 and 2 Hazardous (Classified) Locations (2016-12)

This standard serves as the basis for Approval of Nonincendive Electrical Equipment for use in Class | and
I, Division 2, and Class Ill, Divisions 1 and 2. hazardous (classified) locations as defined in Articles 500,
501, 502 and 503 of the National Electrical Code*, ANSI/NFPA- 70 (NEC). Approval criteria may include,
but are not limited to, performance requirements, marking requirements, examination of manufacturing
facility(ies), audit of quality assurance procedures, and a follow-up program.

FM 3615 Approval Standard for Explosion proof Electrical Equipment General Requirements (2006-08)

This standard serves as the basis for Approval of Explosion proof Electrical Equipment. This standard
contains the basic requirements for the construction and testing of explosion proof electrical
equipment. The standards is intended to be used in conjunction with Approval Standard 3600 which
includes the general requirements that apply to all types of hazardous (classified) location protection
methods.

FM 3620: Purged and Pressurized Electrical Equipment for Hazardous (Classified) Location (2014-12)

This standard serves as the basis for Approval of electrical equipment for use in hazardous (classified)
locations employing the type of protection defined as "Purged and Pressurized". This standard is
intended to be used in conjunction with the Class 3600 FM Approval Standard which include the general
requirements that apply to all types of protection for electrical equipment for use in hazardous
(classified) locations. This standard contains the basic requirement for the construction and testing of
purged and pressurized electrical equipment available in the following configurations: Purged and
pressurized electrical equipment which are not occupied portions of building (control rooms), Purged
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and pressurized electrical equipment having an internal source of gas vapor. Note: the requirements of
the standard do not included purged or pressurized control rooms.

IEC 60079-0 Ed. 6, 2011-06, Explosive Atmospheres - Part 0: Equipment - General Requirements

This part of the IEC 60079 specifies the general requirements for construction, testing, and marking of
electrical equipment and EX components used in an explosive atmosphere. Explosive atmospheres are
identified as hazardous locations including Class 1, Zone 0, Zone 1, or Zone 2, and Zone 20, Zone 21, and
Zone 22. This part specifies the standard atmospheric conditions that the electrical equipment may be
operated, but also specifies additional requirements when testing equipment outside of the standard
conditions. It does not specify safety requirements that are not directly related to explosion risk. This
part is supplemented by IEC 60079-13: Explosive atmospheres — Part 13: Equipment protection by
pressurized room “p” and includes a discussion on markings for Ga equipment using two independent
types of protection.

(IEC 60079-0 Ed. 6, 2011)

IEC 60079-1 Ed. 7, 2014-06, Explosive Atmospheres - Part 1: Equipment Protection by Flameproof
Enclosures "d"

This part of IEC 60079 contains specific requirements for construction and testing of electronic
equipment with electronic equipment intended for use in explosive gas atmospheres. This part
supplements IEC 60079-0 and supersedes it where there is a conflict and provides significant changes to
the previous edition. This part documents the requirements for the levels of protection "da," "db," and
"dc" flameproof enclosures. It provides design recommendations for flameproof joints, sealed joints,
operating rods, shafts and bearings, light transmitting parts, breathing and draining devices, fasteners
and openings. It also recommends routine tests to ensure integrity of flameproof containers.

(IEC 60079-1 Ed. 7, 2014)

IEC 60079-2 Ed. 6, 2014-07, Explosive Atmospheres - Part 2: Equipment Protection by Pressurized

n_n

Enclosures "p

This part of IEC 60079 contains specific requirements for the construction and testing of electrical
equipment with pressurized enclosures. It supplements IEC 60079-0 and supersedes it where there is a
conflict and provides significant changes to the previous edition. It includes testing of, and
requirements for temperature limits, safety provisions, supplying protective gas, pressurized equipment
with internal release, release conditions, and enclosure design.

(IEC 60079-2 Ed. 6, 2014)

IEC 60079-5 Ed. 4, 2015-02, Explosive Atmospheres - Part 5: Equipment Protection by Powder Filling

n_n

q

This part of IEC 60079 contains specific requirements for the construction, testing and marking of
electrical equipment, parts of electrical equipment and EX components filled with powder constituting

q" type protection intended for use in explosive gas atmospheres. It supplements IEC 60079-0 and
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supersedes it where there is a conflict and provides significant changes to the previous edition. This part
applies to electrical equipment, parts of electrical equipment and EX components with:

e Arated supply current less than or equal to 16 A

e Arated supply voltage less than or equal to 1000 V

e Arated power consumption less than or equal to 1000 W

(IEC 60079-5 Ed. 4, 2015)

IEC 60079-6 Ed. 4, 2015-02, Explosive Atmospheres - Part 6: Equipment Protection by Oil Immersion

n_n

o

This part of IEC 60079 specifies the requirements for the design, construction, testing, and marking of EX
Equipment and EX Components intended for use in explosive gas atmospheres employing protection
type "o" liquid immersion. These include
e Level of Protection "ob" (EPL "MB" or "Gb"), standard applies when rated voltage does not
exceed 11kV r.m.s. a.c. or d.c.
e Level of Protection "oc" (EPL "Gc"), standard applies when rated voltage does not exceed 11kV
r.m.s.a.c.ord.c.
This part supplements IEC 60079-0 and supersedes it where there is a conflict, and provides significant

changes to the previous edition.
(IEC 60079-6 Ed. 4, 2015)

IEC 60079-7 Ed. 5, 2015-06, Explosive Atmospheres - Part 7: Equipment Protection by Increased Safety

n_n

e

This part of IEC 60079 contains specific requirements for the design, construction, testing and marking
of electrical equipment and EX components employing protection type "e" that are intended for use in
explosive atmospheres. These include:
o Level of Protection "eb" (EPL "Mb" or "Gb"), standard applies to equipment when rated voltage
does not exceed 11 kV r.m.s., a.c. or d.c.
e Level of Protection "ec" (EPL "Gc"), standard applies to equipment when rated voltage does not
exceed 15 kV r.m.s., a.c. or d.c.
This part also supplements IEC 60079-0 and supersedes it where there is a conflict, and provides
significant changes to the previous edition.

(IEC 60079-7 Ed. 5, 2015)

IEC 60079-10-1 Ed. 2, 2015-09, Explosive Atmospheres — Part 10-1: Classification of Areas — Explosive
Gas Atmospheres

IEC 60079-10-1:2015 is concerned with the classification of areas where flammable gas or vapor hazards
may arise and may then be used as a basis to support the proper selection and installation of equipment
for use in hazardous areas. It is intended to be applied where there may be an ignition hazard due to the
presence of flammable gas or vapor, mixed with air, but it does not apply to: mines susceptible to
firedamp; the processing and manufacture of explosives; catastrophic failures or rare malfunctions;
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rooms used for medical purposes; commercial and industrial applications where only low pressure fuel
gas is used for appliances; domestic premises; where a hazard may arise due to the presence of
combustible dusts or combustible flyings but the principles may be used in assessment of a hybrid
mixture (refer also IEC 60079-10-2). This standard supersedes ISA 60079-10.

(IEC 60079-10-1 Ed. 2, 2015)

IEC 60079-11 Ed. 6, 2011-06, Explosive Atmospheres - Part 11: Equipment Protection by Intrinsic Safety

mn:n

1

IEC 60079-11 is concerned with the construction and testing of intrinsically safe apparatus, and for
apparatus that connect to the intrinsically safe circuits, intended for use in explosive atmospheres.
Intrinsically safe refers to equipment in which electrical circuits themselves cannot cause an explosion
under these specific conditions. The requirements for such equipment can be found in IEC 60079-25.
This standard supplements IEC 60079-0 and supersedes it where there is a conflict, and provides
significant changes to the previous edition.

(IEC 60079-11 Ed. 6, 2011)

IEC 60079-15 Ed. 4, 2010-01, Explosive Atmospheres - Part 15: Equipment Protection by Type of
Protection "n"

IEC 60079-15 is concerned with the construction, testing and marking of Group Il electrical equipment
with type "n" protection intended for use in explosive gas atmospheres. This standard applies when
voltage of this equipment does not exceed 15 k r.m.s a.c or d.c. This standard is applied to non-sparking
equipment, parts of equipment or circuits that produce arcs or sparks that may be an ignition hazard if
not properly protected. This standard supplements IEC 60079-0 and supersedes it where there is a
conflict, and provides significant changes to the previous edition.

(IEC 60079-15 Ed. 4, 2010)

IEC 60079-18 Ed. 4, 2014-12, Explosive Atmospheres - Part 18: Equipment Protection by Encapsulation

n

m

n

IEC 60079-18 specifies requirements for the construction, testing and marking of electrical equipment,
arts and Ex components with protection designated as encapsulation “m," intended for use in explosive
atmospheres. It applies when the rated voltage of components protected by encapsulation "m" does not
exceed 11kV but does not apply to dusts of explosions that do not require atmospheric oxygen for
combustion; or to pyrophoric substances. This standard supplements IEC 60079-0 and supersedes it
where there is a conflict, and provides significant changes to the previous edition.

(IEC 60079-18 Ed. 4, 2010)
IEC 60079-25 Ed. 2, 2010-02, Explosive Atmospheres - Part 25: Intrinsically Safe Electrical Systems

IEC 60079-25 specifies requirements for construction and assessment of intrinsically safe electrical
systems designated as type "I" protection intended for use in locations that require the use of Group |,
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II, and Ill apparatus. This part supplements IEC 60079-0 and IEC 60079-11 and supersedes it where there
is a conflict and provides significant changes to the previous edition.

(IEC 60079-25 Ed. 2, 2010)

IEC 60079-26 Ed. 3, 2014-10, Explosive Atmospheres - Part 26: Electrical Apparatus for Use in Class |,
Zone 0 Hazardous (Classified) Locations

This part of IEC 60079 specifies alternative requirements for construction, testing and marking for
electrical equipment as EPL "Ga" when a single standard type of protection cannot be applied. This
standard also applies to equipment mounted across a boundary where multiple levels of protection are
required. Equipment with this designation ensures a high level of protection when operating within
manufacturer specified parameters, limiting the occurrence of malfunction to those that are rare, or two
happening independent of one another. his standard supplements IEC 60079-0 and supersedes it where
there is a conflict and provides significant changes to the previous edition.

(IEC 60079-26 Ed. 3, 2014)

IEC 60079-27 Ed. 1, 2005-04, Explosive Atmospheres — Part 27: Fieldbus Intrinsically Safe Concept
(FISCO) and Fieldbus Non-Incendive Concept (FNICO)

IEC 60079-27 contains details of apparatus, systems and installation practice for use with the FISCO and
FNICO. The standard is based on Manchester encoded, bus powered systems designed in accordance
with IEC 61158-2. Requirements of FISCO and FNICO are determined in IEC 60079-11, IEC 60079-14 and
IEC 60079-15, except where modified by this standard, parts of the Fieldbus may be protected by other
explosion protection under IEC 60079-0 depending on the Zone of intended use, in which case only parts
attached to intrinsically safe or non-incendive trunks or spurs are covered by this standard.

(IEC 60079-27 Ed. 1, 2005)

IEC 60079-29-1 Ed. 1 2007-08, Explosive Atmospheres - Part 29-1: Gas Detectors - Performance
Requirements of Detectors for Flammable Gases

ICE 60079-29 specifies general requirements for construction, testing and performance, and describes
the test methods that apply apparatus for the detection and measurement of flammable gas or vapor
concentrations with air, intended for use in explosive atmospheres and in mines susceptible to
firedamp. This standard is applicable to:
e Apparatus in which Manufacturer makes any claims regarding special features of construction or
superior performance exceeding minimum requirements
e Flammable gas detection apparatus intended to provide an indication, alarm, or other output
function to give warning of potential explosion hazard
e Apparatus intended for use in commercial, industrial, and non-residential safety applications
This standard is not applicable to:
e External sampling systems
e Apparatus of laboratory or scientific type
e Apparatus used only for process control purposes
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This standard supplements IEC 60079-0 and supersedes it where there is a conflict, and provides
significant changes to the previous edition.

(IEC 60079-29-1 Ed. 1, 2007)

IEC 60079-29-2 Ed. 2, 2015-03, Explosive Atmospheres - Part 29-2: Gas Detectors - Selection,
Installation, Use and Maintenance of Detectors for Flammable Gases and Oxygen

IEC 60079-29-2 gives guidance on the selection, installation, use and maintenance of electrically
operated group Il apparatus intended for use in industrial and commercial safety applications for the
detection and measurement flammable gases in compliance with IEC 60079-29-1. This standard is
applicable to oxygen measurement for inertisation where explosion protection is provided by the
exclusion of oxygen instead of measuring combustible gases or vapors present. The standard is a
compilation of practical knowledge to assist the use, and applies to apparatus, instruments, and systems
that indicate the presence of flammable or potentially explosive mixture of gas or vapor with air using
electronic signals from a gas sensor. This standard is also applicable to all new and (where practicable)
existing permanent installations. The standard only applies to apparatus as defined below:

e Fixed apparatus

e Transportable apparatus

e Portable apparatus

(IEC 60079-29-2 Ed. 2, 2015)

IEC 61892-1, Ed. 3.0, 2015-07, Mobile and fixed offshore units — Electrical installations - Part 1:
General requirements and conditions

IEC 61892-1:2015 contains provisions for electrical installations in mobile and fixed offshore units
including pipeline, pumping or 'pigging' stations, compressor stations and exposed location single buoy
moorings, used in the offshore petroleum industry for drilling, processing and storage purposes. This
International Standard applies to all installations, whether permanent, temporary, transportable or
hand-held, to AC installations up to and including 35 000 V and DC installations up to and including 1 500
V (AC and DC voltages are nominal values). This standard does not apply either to fixed equipment for
medical purposes or to the electrical installations of tankers. This edition includes the following
significant technical changes with respect to the previous edition:

a) The general requirement to harmonic distortion has been changed from IEC 61000-2-4 Class 2 to
Class 1.

b) The voltage tolerance for a DC system has been changed from +-10 % to +10 %, -15 %.

¢) Annex C (informative) regarding specification of surface treatment and protective painting
system has been added.

(IEC 61892-1, Ed. 3, 2015)

IEC 61892-2, Ed. 2.0, 2012-03, Mobile and fixed offshore units — Electrical installations - Part 2: System
design

A-12



%?ABS Group

Comparative Assessment of Electrical Standards and Practices: Final Report

IEC 61892-2:2012(E) contains provisions for system design of electrical installations in mobile and fixed
units used in the offshore petroleum industry for drilling, production, processing and for storage
purposes, including pipeline, pumping or 'pigging' stations, compressor stations and exposed location
single buoy moorings. It applies to all installations, whether permanent, temporary, transportable or
hand-held, to a.c. installations up to and including 35 000 V and d.c. installations up to and including 1
500 V. (a.c. and d.c. voltages are nominal values). This standard does not apply either to fixed
equipment used for medical purposes or to the electrical installations of tankers. This edition includes
the following significant technical changes with respect to the previous edition:
e The d.c. voltage given in clause 1 has been updated to 1 500 V, to ensure consistency through all
parts of the IEC 61892 series
e Clause 4 has been rewritten, such that all requirements to emergency power are now given in
4.3
e The tables for nominal a.c. voltages have been updated in accordance with the last revision of
IEC 60038
e The requirement to cross sectional area for earthing conductors has been made dependent on
the system earthing arrangement
e Requirement for emergency stop for motor-driven fuel-oil transfer and fuel-oil pressure pumps
has been added.

(IEC 61892-2 Ed. 2, 2012)

IEC 61892-3, Ed. 3.0, 2012-03, Mobile and fixed offshore units — Electrical installations - Part 3:
Equipment

IEC 61892-3:2012(E) contains provisions for electrical equipment in mobile and fixed offshore units
including pipeline, pumping or 'pigging' stations, compressor stations and exposed location single buoy
moorings, used in the offshore petroleum industry for drilling, processing and for storage purposes. This
standard applies to equipment in all installations, whether permanent, temporary, transportable or
hand-held, to a.c. installations up to and including 35 000 V and d.c. installations up to and including 1
500V (a.c. and d.c. voltages are nominal values). This standard sets requirements for equipment, which
are additional to the requirements given in the product standard for the relevant equipment. This
standard does not apply to the electrical installations in rooms used for medical purposes or in tankers.
This edition includes the following significant technical changes with respect to the previous edition:

a. Table 4 in the previous edition of IEC 61892-3 regarding type testing has been deleted.
Information regarding environmental conditions, including requirements to vibration, is now
given in Clause 4;

b. for liquid immersed transformers requirement for overheating alarm and shut down has been
added;

c. requirements for low voltage switchgear and control gear have been rewritten, based on IEC
61439-1 and IEC 61439-2. Only additional requirements to those given in IEC 61439 are given in
the standard;

d. requirements to low voltage circuit breakers, switches, contactors and fuses have been added;
requirement for subdivision of high voltage switchboard has been added,;

f. requirements for luminaires have been deleted and replaced with reference to IEC 60598 series
and IEC 60092-306;
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g. requirements for heating and cooking appliances have been deleted and replaced with
reference to IEC 60335 series;
h. requirement for portable equipment has been added."

(IEC 61892-3, Ed. 3, 2012)
IEC 61892-4, Ed. 1.0, 2007-06, Mobile and fixed offshore units — Electrical installations - Part 4: Cables

This part of IEC 61892 specifies requirements for the choice and installation of electrical cables intended
for fixed electrical systems in mobile and fixed offshore units, including pumping or ""pigging"" stations,
compressor stations and exposed location single buoy moorings, used in the offshore petroleum
industry for drilling, production, processing and for storage purposes."

(IEC 61892-4 Ed. 1, 2007)

IEC 61892-5, Ed. 3.0, 2014-11, Mobile and fixed offshore units — Electrical installations - Part 5: Mobile
Units

IEC 61892-5:2014 specifies the characteristics for electrical installations in mobile units, for use during
transfer from one location to another and for use during the exploration and exploitation of petroleum
resources. It applies to all installations, whether permanent, temporary, transportable or hand-held, to
AC installations up to and including 35 000 V and DC installations up to and including 1 500 V (AC and DC
voltages are nominal values). This third edition includes the following significant technical change with
respect to the previous edition: the requirement to protection against flooding has been rewritten.

(IEC 61892-5, Ed. 3, 2014)

IEC 61892-6, Ed. 3.0, 2013-12, Mobile and fixed offshore units — Electrical installations - Part 6:
Installation

IEC 61892 6 2013 contains provisions for electrical installation in mobile and fixed offshore units
including pipeline pumping or pigging stations compressor stations and exposed location single buoy
moorings used in the offshore petroleum industry for drilling processing and for storage purposes It
applies to all installations whether permanent temporary transportable or hand held to AC installations
up to and including 35 000 V and DC installations up to and including 1 500 V AC and DC voltages are
nominal values This standard does not apply to electrical installations in rooms used for medical
purposes or in tankers This edition includes the following significant technical changes with respect to
the previous edition br a Table 1 size of earth continuity conductors has been replaced with the table in
IEC 61892 4 br b. The requirements for installation of batteries has been rewritten in order to distinguish
better between batteries of the vented type and VRLA sealed type br c. An informative annex regarding
cable termination has been added br d. The applicability for DC installations has been increased from
750V to 1 500 V in accordance with Part 1 of the series

(IEC 61892-6, Ed. 3, 2013)

IEC 61892-7, Ed. 3.0, 2014-12, Mobile and fixed offshore units — Electrical installations - Part 7:
Hazardous Areas
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IEC 61892-7:2014 contains provisions for hazardous areas classification and choice of electrical
installation in hazardous areas in mobile and fixed offshore units, including pipelines, pumping or
'pigging' stations, compressor stations and exposed location single buoy moorings, used in the offshore
petroleum industry for drilling, processing and for storage purposes. It applies to all installations,
whether permanent, temporary, transportable or hand-held, to AC installations up to and including 35
000 V and DC installations up to and including 1 500 V. (AC and DC voltages are nominal values). This
standard does not apply to electrical installations in rooms used for medical purposes, or in tankers. This
edition includes the following significant technical changes with respect to the previous edition.

a. The EPL (Explosion Protection Level) concept has been introduced.

b. The requirements to installations in hazardous area has been rewritten, based on the

requirements of IEC 60079-14:2013.

(IEC 61892-7, Ed. 3, 2014)

ISO/IEC 17011:2004(E) Conformity assessment — General requirements for accreditation bodies
accrediting conformity assessment bodies

ISO/IEC 17011:2004 specifies general requirements for accreditation bodies assessing and accrediting
conformity assessment bodies (CABs). It is also appropriate as a requirements document for the peer
evaluation process for mutual recognition arrangements between accreditation bodies. ISO/IEC
17011:2004 provides the following conformity assessment services:

e Testing

e Inspection
Management system certification
Personnel certification

e Product certification

e (Calibration
This standard has been revised by ISO/IEC 17011:2017.

(ISO/IEC 17011:2004(E), 2004)
ISO/IEC 17025:2005 General requirements for the competence of testing and calibration laboratories

ISO/IEC 17025:2005 specifies the general requirements for the competence to carry out tests and/or
calibrations, including sampling. It covers testing and calibration performed using standard methods,
non-standard methods, and laboratory-developed methods. ISO/IEC 17025:2005 is for use by
laboratories in developing their management system for quality, administrative and technical
operations. Laboratory customers, regulatory authorities and accreditation bodies may also use it in
confirming or recognizing the competence of laboratories. ISO/IEC 17025:2005 is not intended to be
used as the basis for certification of laboratories. This standard was revised by ISO/IEC 17025:2017.

(ISO/IEC 17025:2005, 2005)

ISO/IEC 17065:2012 Conformity assessment — Requirements for bodies certifying products, processes
and services
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This International Standard contains requirements for the competence, consistent operation and
impartiality of product, process and service certification bodies. Certification bodies operating to this
International Standard need not offer all types of products, processes and services certification.
Certification of products, processes and services is a third-party conformity assessment activity (see
ISO/IEC 17000:2004, definition 5.5).

(ISO/IEC 17065:2012, 2012)
NFPA 70°®: National Electrical Code® (NEC)

The document serves as the 2017 Edition of the National Electrical Code (NEC) developed by the
National Fire Protection Association. The purpose of the NEC is to provide practical safeguards of
persons and property from hazards that can develop when using electricity. The NEC covers the
installation and removal of electrical conductors, equipment, and raceways; signaling and
communications conductors, equipment and raceways; and optical fiber cables and raceways in public,
private, and industrial buildings. The NEC is not intended to provide design specifications or used as an
instruction manual for untrained individuals.

(National Fire Protection Association, 2017)

NFPA 496 Purged and Pressurized Enclosures for Electrical Equipment (FM 3620 cites NFPA 496 for
requirements)

The standard provides information on the methods for purging and pressurizing electrical equipment
enclosures to prevent ignition of a flammable atmosphere, whether introduced into the enclosure by a
surrounding external atmosphere or by an internal source.

(National Fire Protection Association (NFPA), 2018)
OSHA Instruction (Directive) CPL 01-00-003 (1999) NRTL Program Policies, Procedures, and Guidelines

OSHA Directive CPL 01-00-003 provides further details on the OSHA NRTL program policies and
guidelines that clarify regulations found in 29 CFR 1910.7 and its Appendix A. This instruction updates
the process for processing applications for recognition and monitoring process for recognized OSHA
NRTL's. This instruction is applicable to all OSHA offices engaged in or supporting the operations of the
OHSA NRTL Program.

(OSHA Instruction (Directive) CPL 01-00-003, 1999)

OSHA Instruction (Directive) CPL 1-00.XXX (Effective Date: TBD) NRTL Program Policies, Procedures,
and Guidelines (Draft 2014)

Directive CPL1-00.XXX specifies policies, procedures and interpretations that supplement and clarify
NRTL Program regulation of 29 CFR 1910.7 and its Appendix A. This directive deems compliance with
ISO/IEC 17025:2012 and ISO/IEC 17065:2012as compliance with requirements under the NRTL Program
regulation.
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(OSHA Instruction (Directive) CPL 1-00.XXX, TBD)
OSHA NRTL Program - Application Guidelines, October 2000

The OSHA NRTL Program - Application Guidelines detail the process that organizations must go through
to become recognized as a nationally Recognized Testing Laboratory (NRTL). These guidelines include
the categories eligibility requirements, associated fees and instructions associated with the NRTL
program, as well as evaluation criteria for the application.

(OSHA, 2000)

OSHA Regulations, Standards 29 CFR, 1910.7 Definition and requirements for a nationally recognized
testing laboratory. (Including Appendix A)

This section of the CFR provides definitions and requirements of nationally recognized testing
laboratories (NRTL) where a NRTL is an organization which is recognized by OSHA in accordance with
Appendix A of this CFR section and which tests for safety, and lists or labels or accepts, equipment or
materials. Appendix A of this CFR provides requirements and criteria which OSHA will use to evaluate
and recognize a NRTL. The Appendix provides procedures for renewal, expansion and revocation of
OSHA recognition and puts the burden on the applicant to establish by a preponderance of the evidence
that it is entitled to recognition as an NRTL. The process of evaluating a NRTL involves the evaluation of
the product evaluation and control programs being operated by the NRTL, as well as the NRTL's testing
facilities being used in its program.

(Occupational Safety and Health Administration, 2018)

UL 674 Ed. 5 May 31, 2011, Standard for Safety for Electric Motors and Generators for Use in
Hazardous (Classified) Locations (Revised on May 19, 2017)

The document is a harmonized ANCE, CSA, and UL standard for electrical motors and generators. The
standard is approved by ANSI as an American National Standard and is considered suitable for use for
conformity assessments. The standard applies to electric motors and generators or submersible and
nonsubmersible sewage pumps and systems for use in Class |, Division 1, Groups B, C, and D, and Class I,
Division 1, Groups E, F, and G hazardous locations. The standards also covers the same type of electrical
equipment needed for installation and use in lass |, Zone 1, Groups IlIA and 1B, 1IB+H; and Zone 20 and
21 hazardous locations. The standard also covers rotating machinery such as electric brakes but does
not address protection other than explosion-proof or dust-ignition-proof.

(Underwriters Laboratories Inc., 2011)

UL 823 Ed. 9 October 20, 2006, Standard for Safety for Electric Heaters for Use in Hazardous
(Classified) Locations (Reaffirmed on April 22, 2016)

The requirements included in the standard covers explosion-proof, dust-ignition-proof, and dust tight
portable and fixed electric heaters for installation and use in hazardous (classified) locations. The
locations covered for the electrical heaters are: Class |, Divisions 1 and 2, Groups A, B, C, and D; Class I,
Division 1, Groups E, F, and G; Class Il, Division 2, Groups F and G; and Class lll, Divisions 1 and 2. These
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locations are in accordance with the National Electrical Code, NFPA 70. The standard also covers
explosion-proof electrical equipment for installation and use in Class |, Zone 1, Group llA, IIB, and IIC
hazardous (classified) locations as well as dust-ignition-proof equipment for use in Zone 20, 21, and 22
locations. The requirements in the standard do not cover medical equipment.

UL 844 Ed. 13 June 29, 2012, Standard for Luminaires for Use in Hazardous (Classified) Locations
(including revisions through March 11, 2016)

The document is the thirteenth edition of the safety standard that is provided by the Underwriters
Laboratories and was designated as an American National Standard in March 2016. The standard covers
requirements for fixed and portable luminaires for installation and use in Class |, Division 1 and 2,
Groups A, B, C, and D; Class Il, Division 1, Groups E, F, and G; Class Il, Division 2, Groups F and G; and
Class I, Divisions 1 and 2 hazardous locations. These standards are in accordance with the National
Electrical Code, NFPA 70. The standard also provides specifics for luminaires depending on the specifics
of the location of use.

(Underwriters Laboratories Inc., 2012)

UL 913 Ed. 8 December 06, 2013, Standard for Safety for Intrinsically Safe Apparatus and Associated
Apparatus for Use in Class I, ll, Ill, Division 1, Hazardous (Classified) Locations (including revisions
through October 16, 2015)

This document serves as the eighth edition of the safety standard by the Underwriters Laboratories and
is approved as an American National Standard. The standard covers requirements to apparatus or parts
of an apparatus for installation and us in Class |, II, or I, Division 1 hazardous locations. This is in
accordance with requirements from the National Electrical Code, NFPA 70. Additionally, the
requirements within this standard also apply to apparatus or parts of apparatus for use and installation
in Zone 20, Groups llIA, 11IB, and IlIC hazardous locations as well as any associated apparatus located
outside of the hazardous location where the design and construction may influence the safety of an
electrical circuit within the hazardous locations. The requirements found in the standard are based on
ignition in locations classified as hazardous with the presence of flammable or combustible materials
under normal atmospheric conditions.

(Underwriters Laboratories Inc., 2013)

UL 1203 Ed. 5 November 22, 2013, Standard for Safety for Explosion-Proof and Dust-Ignition-Proof
Electrical Equipment for Use in Hazardous (Classified) Locations (including revisions through October
16, 2015)

This document serves as the fifth edition of the safety standard by the Underwriters Laboratories and is
approved as an American National Standard. The standard covers requirements for explosion-proof and
dust-ignition-proof electrical equipment for installation and use in Class I, Division 1, Groups A, B, C, and
D, and class Il, Division 1, Groups E, F, and G, hazardous locations in accordance with the National
Electrical Code, NFPA 70. The requirements in this standard also cover explosion-proof electrical
equipment for installation and use in Class I, Zone 1, Groups IIA, 1IB, and IIC hazardous locations and
dust-ignition-proof equipment use in Zone 20, 21, and 22 locations. The requirements within this
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standard do not cover equipment for use in hazardous locations that is already specifically covered in a
separate safety standard. Additionally, the requirements do not cover electrostatic devices, circuits or

systems, refrigeration system controllers, or the internal construction of electrical instruments such as
meters.

(Underwriters Laboratories Inc., 2013)

UL 2225 Ed. 4 September 30, 2013, Standard for Safety for Cables and Cable-Fittings for Use In
Hazardous (Classified) Locations (including revisions through March 24, 2017)

This document serves as the fourth edition of the safety standard by the Underwriters Laboratories and
is approved as an American National Standard. The standard covers requirements for Type MC-HL
metal-clad cable for use in Class |, Division 1, Groups A, B, C, and D; Class Il, Division 1, Groups E, F, and
G; Class |, Zone 1, Groups lIA, 1iB, and IIC; and Zone 20, 21, and 22 hazardous locations, in accordance
with the National Electrical Code, NFPA 70. Additionally, the standard provides requirements that covers
Type ITC-HL instrumentation tray cable for use in Class I, Division 1, Groups A, B, C, and D, and Class |,
Zone 1, Groups lIA, liB, and IIC; and Zone 20, 21, and 22 hazardous locations, in accordance with the
National Electrical Code, NFPA 70. Finally, the standard provides requirements that covers Type TC-ER-
HL tray cable for use in Class |, Zone 1, Groups lIA, 1iB, and tiC hazardous locations in accordance with
the National Electrical Code, NFPA 70.

(Underwriters Laboratories Inc., 2013)

UL-60079-1, Ed. 7, September 18, 2015, Explosive Atmospheres - Part 1: Equipment Protection by
Flameproof Enclosures "d"

UL 60079-1 contains specific requirements for construction and testing of electronic equipment with
electronic equipment intended for use in explosive gas atmospheres. This standard supplements IEC
60079-0 and supersedes it where there is a conflict, and provides significant changes to the previous
edition. This standard details the requirements for the levels of protection "da," "db," and "dc"
flameproof enclosures. This standard provides design recommendations for flameproof joints, sealed
joints, operating rods, shafts and bearings, light transmitting parts, breathing and draining devices,
fasteners and openings. The standard also recommends routine tests to ensure integrity of flameproof
containers.

(UL-60079-1, Ed. 7, 2015)

UL-60079-2, Ed. 6, June 2, 2017, Explosive Atmospheres - Part 2: Equipment Protection by Pressurized

n_n

Enclosures "p

UL 60079-2 contains specific requirements for the construction and testing of electrical equipment with
pressurized enclosures. This standard supplements IEC 60079-0 and supersedes it where there is a
conflict, and provides significant changes to the previous edition. It includes testing of, and
requirements for temperature limits, safety provisions, supplying protective gas, pressurized equipment
with internal release, release conditions, and enclosure design.

(UL-60079-2, Ed. 6, 2017)
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UL-60079-7, Ed. 5, February 24, 2017, Explosive Atmospheres - Part 7: Equipment Protection by
Increased Safety "e"

UL 60079-7 contains specific requirements for the design, construction, testing and marking of electrical
equipment and EX components employing protection type "e" that are intended for use in explosive
atmospheres. These include:
e Level of Protection "eb" (EPL "Mb" or "Gb"), standard applies to equipment when rated voltage
does not exceed 11 kV r.m.s., a.c. or d.c.
e Level of Protection "ec" (EPL "Gc"), standard applies to equipment when rated voltage does not
exceed 15 kV r.m.s., a.c. or d.c.
This standard supplements IEC 60079-0 and supersedes it where there is a conflict, and provides
significant changes to the previous edition.

(UL-60079-7, Ed. 5, 2017)
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1. Introduction

On September 16, 2016, the Bureau of Safety and Environmental Enforcement (BSEE) Office of Offshore
Regulatory Programs (OORP) contracted ABSG Consulting, Inc. (ABSG) to conduct the Comparative
Assessment of Electrical Standards and Practices study (GS-00F-026A, #E16PC00014). BSEE currently
incorporates various industry standards by reference into Title 30 Code of Federal Regulations (CFR)
250.198. BSEE considers it a priority to have an accurate understanding of the concepts detailed in these
industry standards documents when conducting inspections of offshore oil and gas facilities to ensure
compliance with regulations.

With more facilities and components being manufactured overseas to international standards,
determining acceptable equivalencies between the domestic standards incorporated by reference (IBR)
and the comparable international standards has become challenging. BSEE recognizes these challenges
with many of the electrical standards IBR in 30 CFR 250.198. The purpose of this study was to conduct a
gap analysis to compare domestic electrical standards (i.e., NEC, API, ANSI and UL standards) to
international electrical standards (i.e., International Electrotechnical Commission standards). As part of
this study the following comparative assessments were conducted:

. Task 1 — IEC vs. NEC standards

o Task 2 — IEC vs. API standards

. Task 3 — IEC vs. ANSI/UL standards

. Task 4 — Other gap analysis assessments

o Task 6 — United States vs International Accreditation Practices

Through this comparative gap analysis, BSEE may determine that some of the existing international
electrical standards may be easier to follow by the offshore oil and gas industry, more robust, and easier
to enforce. BSEE may use the results of this analysis to inform the policies and regulations associated
with the electrical-related standards IBR. The ultimate goal of improved regulations is safer operations
on the OCS, resulting in better protection of the environment and a reduction in the loss of life and
property

This report presents the results of Task 1, the comparative assessment to determine if the requirements
of International Electrotechnical Commission (IEC) 60079 series of explosive atmosphere standards
meets, exceeds or does not meet the requirements of NFPA 70, National Electrical Code (NEC) published
by the National Fire Protection Association (NFPA).
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NFPA 70

EC

National Electrical Code”

|IEC 60079 Series

2. Methodology

ABSG conducted a comparative assessment to determine if the IEC 60079 Series standards meets,
exceeds or does not meet the NEC. ABSG met with the BSEE program office to review the scope of the
IEC vs. NEC gap analysis. During this meeting, ABSG validated BSEE’s request to compare the latest
editions IEC 60079 Series of standards to the NEC using the latest version, NFPA 70 (2017). Based on the
review, the scope of the comparative assessment focused on Class | hazardous locations (flammable
gases, flammable/combustible vapors) for offshore facilities which includes the following articles of the
NEC:

e Article 500 Hazardous (Classified) Locations, Classes I, Il, and lll, Divisions 1 and 2

e Article 501 Class | Locations

e Article 504 Intrinsically Safe Systems

e Article 505 Zone 0, 1, and 2 Locations

The assessment included a comparison of various subjects in the NEC and IEC. Using an analysis
template, the project team reviewed articles 500, 501, 504, 505 of the NEC compared the information in
these articles to the IEC 60079 Series standards to determine how this international standard either
met, exceeded or did not meet the domestic standard. The assessment focused in the following subject
area;

e Hazardous Location Classification Methods

e  Wiring methods,

e Lighting methods,

e Motor requirements,

e Harmonics mitigation and recording requirements,
e Power quality,

e Electrical protections,

e Electrical equipment construction and installation.
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This report is structured to summarize the results of this comparative assessment in each of the subject
areas listed above. Each section includes a brief overview of the subject area, a table highlighting the
assessment results and a discussion where there are differences between the international and
domestic standards.

To conduct the analysis, ABSG developed a Standards Analysis Tool to facilitate the comparative
assessment. The Standards Analysis Tool was used to map the domestic baseline standard (NEC) to the
comparable section of the international standard (IEC 60079 series of standards). The Standards Analysis
Tool incorporated an Impact Type criteria, which allowed for a side-by-side comparison of each section
of the domestic baseline standard (NEC) to the comparable section of the international standard (IEC
60079 series of standards). Lastly, the Standards Analysis Tool included an analysis section for the SME
to provide comments on the impact category that was selected. The comments includes a justification
of each designation (meets, exceeds, or does not meet) descriptions of similar provisions, additional
requirements or shortfalls. Summary versions of the completed analysis templates are provided in
Appendices A through F as references in this report.

Table 1 provides a description of the Impact Type criteria used for the comparative assessment. The
subject matter expert (SME) reviewed each section and assigned an impact category.

Table 1: Impact Type Criteria
The International Electrotechnical Commission standards exceed
the standards currently used by BSEE

The International Electrotechnical Commission standards meet
the standards currently used by BSEE

The International Electrotechnical Commission standards does
not meet the standards currently used by BSEE

Type 1 - Exceeds

Type 2 - Meets

Type 3 - Does Not Meet

3. Hazardous Location Classification Methods

The NEC contains methods for classifying hazardous locations that are widely used for electrical
installation on offshore facilities in OCS (Outer Continental Shelf). APl RP 14F (2008), the recommended
practice for design, installation and maintenance of electrical systems for fixed and floating offshore
petroleum facilities for unclassified and Class I, Division 1 and Division 2 locations, requires that the
electrical systems in offshore petroleum facilities be designed and installed in accordance with the NEC
except where specific departures are noted. NEC Articles 500, 501 and 505 describe the requirements
regarding hazardous area classification, types of protection techniques and suitability of electrical
equipment for installation in hazardous areas as described below.

IEC 60079 Explosive atmospheres - Part 0: Equipment — General requirements (IEC 60079-0) contains the
requirements for construction, testing and marking of electrical equipment and Ex components
intended for use in explosive atmospheres. IEC 60079 Explosive atmospheres - Part 10-1: Classification
of areas — Explosive gas atmospheres (IEC 60079-10-1) provides information regarding the classification
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of areas into different Zones such as Zone 0, Zone 1 and Zone 2. Other parts of the IEC 60079 series of
standards cover specific requirements for the construction and testing of electrical equipment with
different types of protection techniques such as flameproof enclosure, pressurized enclosure, and
intrinsically safe. Also, IEC 60079 Explosive atmospheres - Part 14: Electrical installations design,
selection and erection (IEC 60079-14) contains the specific requirements for the design, selection and
initial inspection of electrical installations in hazardous areas.

Table 2 provides a summary of the analysis of hazardous location classification methods. Subsequent
discussions below provide an analysis of the similarities and differences between the baseline domestic
standard (NEC Articles 500 and 505) and the associated sections of IEC 60079 series of standards.

Table 2: Hazardous Location Classification Methods Assessment Results

Section Title / Baseline Standard ‘ International Standard Assessment
Subject Issue NEC Art. 500 and 505 ‘ IEC 60079 Series Results
Classification of 505.5 and Part 10-1 Type 2 - Meets
Locations and Material 505.6 3 (Terms and
Groups Reference); 4.1 (Safety
Principles); 4.2 (Area
Classifications
Objectives)
Protection Techniques 505.8 Part O, Type 3 - Does Not
Section 1 (Scope) Meet
Suitability of Electrical 505.9 Part O, Section 29 Type 3 - Does Not
Equipment Meet
Intrinsically Safe 504 Part 11 (Equipment Type 3 - Does Not
System protection by intrinsic | Meet
safety 'i')
Gas Dispersion Models NFPA 59A Part 10-1 Type 1 - Exceeds
between a national Section 5 (Area
standard and Classification
equivalent IEC standard Methodology)

3.1 Classification of Hazardous Areas (NEC Art. 500 and Art. 505 vs. IEC 60079
series parts)

NEC Article 500 provides requirements and describes how Class I, Il and Ill locations should be classified.
Class | locations are the locations where flammable gases, flammable liquid-produced vapors, or
combustible liquid-produced vapors can exist under normal operating conditions. Class Il locations have
the presence of combustible dust and Class Ill locations have the presence of ignitable fibers or
combustible flyings. This analysis focuses on Class | locations which pertains to offshore installations.
NEC Article 500 describes the Division method whereas NEC Article 505 covers the requirements based
on the Zone method. No IEC standard exists for the Division method while IEC 60079-10-1 covers the
Zone Classification method.



jTiﬂ;éz-v?’!‘?‘ABS Group

Comparative Assessment: International Electrotechnical Commission vs National Electrical Code

NEC Article 500.5 Classifications of Locations, provides definitions and classifications for Class | locations.
Class | locations are divided into Division 1 and Division 2 locations. Class I, Division 1 locations are
defined as a location in which ignitable concentration of gases and vapors can exist under normal
operating conditions. This classification includes locations containing:

e Open tanks or vats of volatile flammable liquids

e Gas generator rooms and other portions of gas manufacturing plants where flammable gas may
escape

e All other locations where ignitable concentrations of flammable vapors or gases are likely to
occur in the course of normal operations.

Class I, Division 2 locations are defined as a locations in which volatile flammable gases are not likely to
exist under normal operating condition and would only become hazardous in case of an accident or
some unusual operating condition. An example of the Class I, Division 2 locations are piping without
valves, checks, meters and similar devices which would not ordinarily introduce a hazardous condition
even though used for flammable liquids or gases.

Under the Division method, Class | groups are divided into Groups A, B, Cand D. For these groups,
classification involves determinations of maximum explosion pressure and maximum safe clearance
between parts of a clamped joint in an enclosure. It is necessary, that equipment be identified not only
for class but also for the specific group of the gas or vapor that will be present.

NEC Article 505.5 Classifications of Locations, defines the Zone classification method as an alternative to
the division classification method as described above. Zones are divided into:

e C(Class |, Zone 0 is a location in which ignitable concentrations of flammable gases or vapors are
present continuously or present for a long period of time.

e Class |, Zone 1 is a location in which ignitable concentrations of flammable gases or vapors are
likely to exist under normal operating conditions or may exist frequently because of repair or
maintenance operations or because of leakage.

e Class |, Zone 2 is a location in which flammable gases or vapors are not likely to occur in normal
operation, and if they do occur will only exist only for a short period.

For material groups, flammable gases are considered as Group Il and subdivided into Group IlA, Group
IIB and Group IIC (See Table 3). This gas and vapor subdivision is based on the maximum experimental
safe gap (MESG), minimum igniting current (MIC) or both.

IEC 60079- 10-1 describes the Zone method for hazardous area classification. Zones are also divided in
Zone 0, Zone 1 and Zone 2.

e Zone Ois described as an area in which explosive gas atmosphere is present continuously for
long periods or frequently.

e Zone 1lisan area in which explosive gas atmosphere is likely to occur periodically or occasionally
in normal operation.
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e Zone 2 is an area in which explosive gas atmosphere is not likely to occur in normal operation
but if it occurs then it will exist for a short period only.

Electrical equipment placed in explosive gas atmospheres is assigned as Group Il. Group Il Electrical
equipment is subdivided according to the nature of the explosive gas atmosphere for which it is
intended. Group Il is divided into:

e GroupllA

e Group IIB - Equipment marked IIB is suitable for applications requiring Group IIA

e Group lIC - Equipment marked IIC is suitable for applications requiring Group IIA or Group |IB
equipment.

In general, the definitions and basis for the Zone method classification in NEC Article 505 and IEC 60079
series of standards are very similar. The Division method is not covered by the IEC 60079 series of
standards however it is comparable to NEC's Zone method as shown in Table 3.

Table 3: Comparison of NEC and IEC 60079 Classification of Locations and Material Groups

Area Classification NEC Article 500 Area Classification NEC Article 505 & IEC 60079
Divisions Zones
Class I, Division | Zone 0
Zone 1
Class |, Division I Zone 2
Division Flammable Gas Groups Zone Flammable Gas Groups
Group A — Acetylene IIC
Group B — Hydrogen IIC
Group C — Ethylene 1B
Group D — Methane, Propane A

As shown in the table Division 2 is equivalent to Zone 2, while Division 1 is either Zone 0 or Zone 1. Zone
0 is reserved for areas with continuous presence of flammable gas/vapor which falls into Division 1
category since there is no separate category as Division 0. The same type of comparison can be made
for gas groups. The gas groups A and B from the Division method are equivalent to gas group IIC in Zone
method. Also, Gas group Cis equal to group IIB and gas group D is equal to lIA.

Based on the analysis above, the IEC meets the NEC in this subject area.

3.2 Protection Techniques

NEC Article 500.7 Protection Techniques, identifies the acceptable protection techniques for electrical
and electronic equipment in hazardous locations. Protection techniques for Class I, Division 1 or Division
2 locations include:

e Explosion proof equipment,
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e Purged and pressurized,

e Intrinsic safety,

e Nonincendive circuit,

e Nonincendive equipment,

e QOil immersion,

e Hermetically sealed and

e Combustible gas detection systems.

Similarly, NEC Article 505 identifies acceptable protection techniques such as:

e Flameproof

e Pressurization

e Intrinsic safety

e Type of protection

e QOilimmersion

e Increased safety

e Encapsulation

e Powder filing and

e Combustible gas detection system.

The above protection techniques covered by NEC Article 505 are based on IEC 60079-0.

IEC 60079 does not identify some of the protection techniques contained in the NEC, such as explosion
proof equipment. Part 1 of the IEC 60079 discusses explosive atmosphere and contains provisions for
equipment protection by flameproof enclosures. This part of the IEC provides requirements on
flameproof enclosures, which is comparable to explosion proof enclosure described in the NEC.
However, there are differences between explosion proof enclosures used in NEC Article 500 and
flameproof enclosures used in IEC 60079-1. For example, the explosion proof enclosures have higher
withstand rating than the flameproof enclosures. The explosion proof enclosures in NEC Article 500 are
individually factory tested to four times the maximum pressure that is released in an explosion, whereas
the flameproof enclosures are referenced in IEC 60079-1 are tested to 1.5 times the maximum pressure
that is released in an explosion.

The IEC 60079 also does not cover the combustible gas detection system, which is identified as an
acceptable method by both NEC Article 500 and NEC Article 505. Combustible gas detection systems are
installed on the offshore platforms to detect combustible gas leaks in equipment and piping and to warn
personnel of such leaks and to initiate remedial action. Combustible gas detection systems are also
installed in the hazardous area which reduces the level of area classification.

Based on the analysis above, IEC 60079 does not meet the level of safety as in the NEC since IEC 60079
does not identify explosion proof equipment and combustible gas detection system as protection
techniques.
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3.3  Suitability of Electrical Equipment

NEC Article 500.8 Equipment, provides the requirements in regard to the suitability of the electrical
equipment for installation in hazardous areas. The suitability of an identified equipment should be
based on one of the following:

e Equipment listing or labeling

e Evidence of equipment evaluation from a qualified testing laboratory or testing agency

e Evidence acceptable to AHJ such as a manufacturer’s self-evaluation or an owner’s engineering
judgment.

Equipment shall be marked to show the information such as Class, Division, Material Classification
Group, Equipment Temperature and Ambient Temperature Range unless otherwise specified under
special allowance. According to NEC Article 505.9 Equipment, Zone equipment meeting one or more
protection techniques mentioned in Section 3.1.2 above should be marked with the following order

Class

Zone

Symbol ‘AEX’
Protection technique(s)

vk wnN e

Applicable material group
6. Temperature classification.

IEC 60079-0 provides information regarding marking. Marking should include the information such as:

e The name of the manufacturer or the registered trademark

e The manufacturer’s type identification

e Serial number

e Name of the certificate issuer

e Symbol ‘X" if it is necessary to indicate any specific use

e Symbol ‘Ex” corresponding to one or more type of protection

e Symbol of each type of protection

e Symbol of the group such as group IIA, IIB or IIC

e Symbol indicating temperature class

e Symbol Ta or Tamb together with the range of ambient temperature.

As described above, the IEC standard does not require the equipment to be marked with Class .
However, it can be identified based on group type indicated on the equipment label. In addition, IEC
60079 does not require the equipment to be marked with type of Zone such as Zone 0, Zone 1 or Zone
2. However, it can be identified based on the type of protection used for the equipment. For example,
protection type code 'ia' is suitable for installation in Zone 0, whereas protection type code 'ib' is
suitable for installation in Zone 1.
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As described above, the marking and listing requirements in the NEC differ from the requirements
presented by IEC standard. As such, the IEC standard does not meet the marking and listing
requirements described by NEC.

3.4 Intrinsically Safe System

NEC Article 504 Intrinsically Safe Systems, states that all intrinsically safe apparatus and associated
apparatus shall be listed by a qualified electrical testing laboratory. However, a simple apparatus
described on the control drawing shall not be required to be listed. An intrinsic safety barrier, which
limits the energy to intrinsically safe apparatus located in hazardous area, is an example of a safety
apparatus. General purpose enclosures are permitted for intrinsically safe apparatus and associated
apparatus unless otherwise specified in the manufacturer’s documentation. For intrinsically safe
systems, the test conditions are described in ANSI/UL 913 Standard for safety, intrinsically safe
apparatus and Associated Apparatus for Use in Class I, Il and Ill, Division 1, Hazardous Locations (UL913).
UL 913 contains construction and performance requirements for intrinsically safe systems.

IEC 60079, Explosive atmospheres, — Part 11: Equipment protection by intrinsic safety "i" (IEC 60079-11)
describes spark ignition and thermal ignition compliance requirements, along with the apparatus
construction requirements. However, that the IEC does not require that all intrinsically safe apparatus
be tested by an independent testing lab.

Based on this analysis, the IEC standard does not meet the requirements described in NEC Article 504.

3.5 Gas Dispersion Models

A gap analysis between NFPA 59A, Standard for the Production, Storage, and Handling of Liquefied
Natural Gas (LNG) and IEC 60079-10-1 was completed on the gas dispersion models. NFPA 59A is the
standard for the production, storage and handling of LNG. NFPA 59A provides limited guidance on the
use of vapor dispersion models for the analysis of safety features. IEC 60079-10-1 provides information
on different criteria that can be considered for a gas/vapor dispersion model.

NFPA 59A does not contain any guidance or requirements regarding the criteria for the gas dispersion
models. However, NFPA 59A refers to the model described in Gas Research Institute Report 0242 "LNG
Vapor Dispersion Prediction with the DEGADIS Dense Gas Dispersion Model". This model incorporates
the physical factors influencing LNG vapor dispersion, including but not limited to gravity spreading,
heat transfer, humidity, wind speed and direction, atmospheric stability, buoyancy and surface
roughness.

IEC 60079-10-1 describes different approaches (methods) that can be taken to classify an area where
there may be an explosive gas atmosphere. One of the methods is the classification by sources of
release method. The source of release approach consists of:

1. Identifying the source of the release
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2. Determine the release rate and grade of release for each source based on the likely frequency
and duration of release.

Each item of process equipment such as tank, pump, and pipeline should be considered as a potential
source of release of a flammable substance. Characteristics of any release depends on the physical state
of the flammable substance, its temperature and pressure. Another method that can be considered is
the Simplified Method. The simplified method may be used where it is not practicable to make required
assessments from individual sources of release. Simplified methods shall identify sources for each of the
zone types, Zone 0, 1 and 2 that are suitably conservative to allow for the potential sources of release
without individual detail. Larger zone areas are characteristic of simplified methods. Another approach
is the use of combination methods where the use of different methods may be appropriate for
classification of a platform at various stages of its development or for various parts of the plant.

As described above, the NEC doesn't contain any guidance or requirements regarding the criteria for the
gas dispersion models. However, a national standard such as NFPA 59A, refers to a model described in
GRI Report 0242. |EC 60079-10-1 describes different methods that can be used to classify a hazardous
area. Three methods are called simplified methods, classification by sources of release and combination
methods. Any of these methods can be considered based on the physical factors and practical
application of it. Based on this information, the IEC 60079-10-1 exceeds the information and
requirements described in NFPA 59A.

4. Wiring Methods

NEC Article 501.10 Wiring Methods, covers the different types of wiring methods that are permitted in
Class I, Division 1 and Division 2 locations. NEC Article 505.15 Wiring Methods, covers the wiring
methods that are allowed in Class |, Zone 0, Class I, Zone 1 and Class |, Zone 2 locations.

Table 4 provides a summary of the analysis of wiring methods. Subsequent discussions below provide
an analysis of the similarities and differences between NEC Articles 501, 505 and the IEC 60079 Series.

Table 4: Wiring Methods Assessment Results

Section Title / Baseline Standard International Standard \ Assessment
Subject Issue NEC Art. 500 and 505 IEC 60079 Series | Results
Wiring Methods/ 505.10 & 505.15 IEC 60079-14 Section 9 | Type 3 - Does Not
Specific Wiring (Cables and Wiring Meet
Methods System)
Sealing and Drainage 501.15 & 505.16 IEC 60079-14 Section 9 | Type 2 - Meets
(Cables and Wiring
System)
Grounding and Bonding 501.30 and 505.25 IEC 60079-14 Section 9 | Type 3 - Does Not
(Cables and Wiring Meet
System)

10
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In Class |, Division 1 locations, threaded rigid metal conduits or threaded steel intermediate metal
conduit, type mineral insulated (M) cable terminated with suitable listed fittings are allowed to be
installed. Also, in areas with restricted access of qualified persons, Type MC-HL (metal-clad cable for
hazardous locations) Cable and type ITC-HL (Instrumentation tray cable for hazardous locations) listed
for use in Class I, Zone 1 or Division 1 locations, with gas/vapor tight continuous corrugated metallic
sheath are allowed for use.

For Class I, Division 2 locations, wiring methods that are suitable for Class I, Division 1 locations are
acceptable. Additionally for Class I, Division 2 locations, other types of permitted wiring methods
authorized include:

e Enclosed gasketed busways,

e Enclosed gasketed wireways,

e Type MC,

e Type MV (medium voltage cable),

e Type TC (Power and Control tray cable) and cablebus.

Wiring methods described under the Division method in the NEC are comparable to wiring methods for
Zone in the |EC.

4.1 Specific Wiring Methods

NEC Article 505.15 identifies the specific wiring methods permitted for installation in Class I, Zone 0,
Zone 1 and Zone 2 locations. For Zone 0 locations, equipment protected by intrinsic safety methods and
equipment protected by encapsulation methods are to be connected to intrinsically safe circuits with
the wiring methods described per NEC Article 504. According to NEC Article 504, intrinsically safe
circuits shall be installed separately from non-intrinsically safe circuits when placed in any raceways and
cable trays. Wiring methods permitted for Class I, Division 1 locations are acceptable for Class |, Zone 1
as mentioned above. Similarly, wiring methods permitted for Class |, Division 2 locations are acceptable
for Class |, Zone 2.

IEC 60079-14 describes the requirements for cables and wiring system. Cables are to be sheathed with
thermoplastic, thermosetting or elastomeric material. Cables such as mineral insulated metal sheathed
(Type Ml Cable) are allowed for installation in hazardous areas in Zone 1 and Zone 2. Also, mineral
insulated cables shall be sealed where there is likelihood that propagation of flames may occur through
the interstices between individual cores of a cable. Also, the IEC requires that there shall be distance
between the conductors of any core of an intrinsically safe circuit and any core of non-intrinsically safe
circuits in accordance with IEC 60079-11.

The requirements in the NEC are specific with regard to type of the wiring permitted in different types of
hazardous locations. Wiring methods covered by the IEC standard are general and don’t provide as
much detail as in the NEC. As such, the wiring methods covered by the IEC standard do not meet the
requirements presented by NEC.

11
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4.2 Seals and Drainage

For Class |, Division 1 or Zone 1 locations, the NEC requires that each conduit entry into an explosion
proof enclosure or a flame proof enclosure should be provided with a conduit seal where the enclosure
contains apparatus such as switches, circuit breakers, fuses, relays or resistors. For Zone 0 locations,
seals in conduit are to be provided within 10 feet of where a conduit leaves a Zone 0 location.

IEC 60079 also requires that the conduit shall be provided with a conduit sealing device where it enters
or leaves a hazardous area to prevent the transmission of gases or liquids from the hazardous area to
non-hazardous area. Cable glands are to be sealed with setting compound (barrier cable glands) in
accordance with IEC 60079-1 and are to be certified.

Based on the above analysis, the requirements described in IEC standard meet the requirements in the
NEC standard.

4.3 Grounding and Bonding

NEC Article 501.130 Grounding and Bonding, Class I, Divisions 1 and 2 contains the requirements for
grounding and bonding in Class |, Division 1 and 2 locations. NEC Article 505.25 Grounding and Bonding,
contains the requirements for grounding and bonding in Class |, Zone 0, Zone 1 and Zone 2 locations.
Wiring and equipment in Class |, Division 1 and Division 2 or Class |, Zone 0, Zone 1 and Zone 2 are to be
grounded per requirements specified in NEC Article 250 Grounding and Bonding, Class I, Divisions 1 and
2. Flexible metal conduit and liquid tight flexible metal conduit are to include an equipment bonding
jumper of the wire type in accordance with NEC Article 250.102 Grounded Conductor, Bonding
Conductors, and Jumpers.

IEC 60079-14 provides some information about grounding. For example, the conduit system is allowed
to be used as a protective earthing conductor (Equipment grounding conductor) provided that the
threaded junction is suitable to carry the fault current.

The NEC requires a separate equipment grounding conductor or equipment bonding jumper whereas
the IEC allows the conduit system to be used as the equipment grounding conductor. Based on the
analysis the grounding requirements in the IEC standard does not meet the requirements covered by the
NEC.

12
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5. Lighting Methods

Table 5 provides a summary of the analysis of lighting methods. For lighting methods, the requirements
in IEC 60079 meets the NEC Articles 500 and 505, as discussed below.

Table 5: Lighting Methods Assessment Results

Section Title / Baseline Standard International Standard Assessment
Subject Issue NEC Art. 500 and 505 IEC 60079 Series Results
Lighting Methods Article IEC 60079-0 Section 21; | Type 2 - Meets
501.130 IEC 60079-14 Section
12

NEC Article 501 describes the requirements for lighting methods. For Class |, Division 1 locations, each
luminaire should be identified as a complete assembly and shall be clearly marked for the maximum
wattage lamps for which it is identified. Box, box assemblies or fittings used for the support of the
luminaire shall also be suitable for installations in Class | locations. The article also describes some
specific requirements in regards to lighting fixtures installations such as for Class I, Division 1 and
Division 2 locations. For example, pedant luminaires should be suspended and supplied by threaded
RMC stems/threaded steel intermediate conduit stems and threaded joints should be secured with set-
screws or other effective means to prevent loosening.

IEC 60079-0 and IEC 60079-14 describe some design and installation requirements for lighting and
luminaires. For example, it describes that mounting of luminaires shall not depend on just one screw. A
single eyebolt may be used only if this is an integral part of the luminaire, such as by being cast or
welded to the enclosure. There are requirements about the types of lamps and types of luminaires that
can be installed in hazardous locations. Luminaires with fluorescent lamps and electronic ballast in
types of protection ‘e’ or ‘nA’ are not to be installed in areas where the ambient temperature exceeds
60° C. Also, lamps with metallic sodium are not permitted.

Overall, the requirements for lighting methods contained in the IEC standards are comparable with the
requirements described in the NEC. IEC standards cover the design and installation requirements for
lighting methods, whereas NEC emphasizes more on installation requirements of lighting methods.
Based on the analysis above, the lighting method requirements described in IEC standards meet the
requirements indicated in NEC articles.

6. Motor Requirements

Table 6 provides a summary of the analysis of motor requirements. Subsequent discussions below
provide an analysis of the similarities and differences between the NEC Articles 500 and 505 and the IEC
60079 Series.

13
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Table 6: Motor Requirements Assessment Results

Section Title / Baseline Standard International Standard Assessment
Subject Issue NEC Art. 500 and 505 IEC 60079 Series Results
Motors and Generators Article IEC 60079-14 Section 5; | Type 2 - Meets
501.125 IEC 60079-0 Section 17
& 26;
IEC 60079-1 Section 15
Transformers and Article IEC 60079-7 Section 6 | Type 3 - Does Not
Capacitors 501.100 Meet
Increased Safety 'e' Article IEC 60079-7 Section 9; | Type 3 - Does Not
Motors and Generators 505.22 IEC 60079-14 Section Meet
11

6.1 Motors and Generators

NEC Article 501.125 Motors and Generators, describes the requirements for motors, generators and
other rotating electrical machinery installed in Class I, Division 1 or 2 locations. For Class I, Division 1
locations, motors are to be identified for Class I, Division 1 location. Totally enclosed type of motors
supplied with positive-pressure ventilation from a source of clean air with discharge to a safe area are
allowed to be installed in the hazardous areas. Also, the motors should be provided with the
arrangement to prevent energizing until ventilation has been established and the enclosure has been
purged with at least 10 volumes of air.

NEC Article 501.125 allows open or non-explosionproof enclosed motors given that these motors are
squirrel-cage induction motors without brushes, switching mechanisms or any other arc-producing
devices in Class I, Division 2 locations. Also, motors with sliding contacts, any type of switching
mechanism (including motor overcurrent, overloading and over-temperature devices) are to be suitable
for Class | Division 1 locations whether they are installed in Division 1 or Division 2 locations.

The IEC describes different types of protection technique methods that can be used for rotating
equipment, such as motors and generators, for installation in hazardous areas. Such protection
techniques are flameproof enclosures, increased safety, pressurized enclosures and non-Sparking.
Rotating equipment such as motors with flameproof enclosures are suitable for installation in Zone 1
areas. Equipment that is suitable for installation in Zone 1 area, may also be suitable for installation in
Class I, Division 1 location except in certain locations such as cargo oil tanks.

According to IEC 60079-2, motors with pressurized enclosures for Zone 1 and Zone 2 locations are to be
provided with suitable ingress protection. An automatic control system including safety devices shall be
provided to energize the electrical equipment within a pressurized enclosure only after purging has
been completed. For example, a pressurized enclosed motor with “enhanced” level of protection is
suitable for installation in Zone 2 location.

14
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In general, the requirements contained in the IEC for motors installed in hazardous areas are
comparable to the requirements provided in the NEC. The IEC standards describe that rotating
equipment, protected with different protection techniques, such as flameproof enclosure, pressurized
enclosure, increased safety or non-Sparking, are allowed to be installed in Zone 1 and Zone 2 areas. For
example, a motor with a flameproof enclosure is suitable for installation in Zone 1 location.

Based on the analysis, the IEC standards meet the requirements in the NEC for motors and generators in
hazardous areas.

6.2 Transformers and Capacitors

NEC Article 501.100 Transformers and Capacitors, provides some requirements in regard to the
installation of transformers in hazardous areas. For Class I, Division 1 locations, liquid filled transformers
are to be installed in vaults whether the liquid will burn or not. In lieu of vaults, liquid filled transformers
are to be certified for Class | locations. For Class I, Division 2 locations, dry type transformers, less-
flammable liquid-insulated transformer, Nonflammable Fluid-Insulated transformers, Askarel-Insulated
transformers and Oil insulated transformers are allowed to be installed in accordance with Article
450.21 through 450.27.

IEC 60079 Explosive atmospheres — Part 7: Equipment protection by increased safety «e» (IEC 60079-7)
provides test requirements for the temperature rise of power transformers. It also provides test
requirements for the temperature rise of the instrument transformers.

The IEC standard does not provide any comparable information with regard to transformers as covered
by the NEC. Therefore, the IEC standard does not meet the requirements covered by the NEC with
regard to transformers.

6.3 Increased Safety 'e' Motors and Generators

NEC Article 505.22 Increased Safety “e” Motors and Generators, describes the requirements for the
increased safety ‘e’ motors for Class |, Zone 1 locations. Increased safety ‘e ‘'motors of all voltage levels
are to be listed for Zone 1 locations and motors are to be marked with the starting current ratio, IA/IN
and time, tE. Motor controllers are to be marked with the model/identification number, output rating,
full load amps, starting current ratio (IA/IN) and time (tE) of the motors. The IEC standard also requires
that motors with type of protection ‘e’ should be additionally marked with the starting current ratio
IA/IN and time tE. Also, the IEC standard requires that inverse-time delay overload protective devices
shall be such that not only is the motor current monitored, but a stalled motor will also be disconnected
within the time tE stated on the marking plate.

The requirements in the NEC and the IEC standard are comparable. However, the NEC requires the
motor controller to have the specific marking when provided for motors with type of protection 'e'.
Based on the analysis described above, the requirements for increased safety ‘e’ motors described in
the IEC standard do not meet the requirements provided in the NEC article as described above.

15
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7. Harmonics Mitigation and Recording Requirements Methods

The NEC does not have any direct requirements in regard to harmonic mitigation and recording
requirements methods. The NEC does provide some guidance to address the issues due to harmonics,
especially the 3™ harmonics. Article 310.10(H) describes one of requirements for existing installations,
grounded neutral conductors smaller than 1/0 AWG are permitted to alleviate overheating of neutral
conductors due to high content of triplen harmonic currents.

Additional information on harmonics can be found in Chapter 10 of NFPA 70B, Recommended Practice
for Electrical Equipment Maintenance.

IEC 61000 Electromagnetic compatibility (EMC) — Part 4-7: Testing and measurement techniques —
General guide on harmonics and interharmonics measurements and instrumentation, for power supply
systems and equipment connected thereto, (IEC 61000-4-7) provides general guidelines on harmonics,
inter-harmonics measurements and instrumentation. In order to determine whether IEC 61000-4-7
meets, exceeds or does not meet NFPA 70B, it is recommended that further analysis comparing the IEC
standard and NFPA 70B needs to be carried out.

8. Power Quality

The NEC does not have any direct requirements in regards to power quality. However, the NEC does
provide guidance in fine print notes to address some of the power quality issues. One of the
requirements is that conductors for branch circuits, in order to provide reasonable efficiency of
operation, should be sized to prevent the voltage drop of more than 3% and the voltage drop on both
feeder and branch circuits should not exceed 5% according to NEC Article 210.19(A) FPN No.4. Article
280 Surge Arresters, Over 1000 Volts, contains some requirements about the surge arresters
(installation requirements and connection requirements).

IEC 60079 does not contain power quality requirements. |IEC 61000, Part 1 through Part 7 on
Electromagnetic compatibility provides information on power quality and power-quality-related issues.
In order to conclude whether IEC 61000 series meets, exceeds or does not meet NFPA 708, it is
recommended that further analysis comparing IEC 61000 and NFPA 70B needs to be carried out.

9. Surge Protection

Table 7 provides a summary of the analysis of the surge protection requirements. Subsequent
discussions below provide an analysis of the differences between the NEC Articles 500 and 505 and the
IEC 60079 Series.

Table 7: Surge Protection Comparative Assessment Results

Section Title / Baseline Standard International Standard Assessment
Subject Issue NEC Art. 500 and 505 IEC 60079 Series Results
Surge Protection 501.35 Annex F Type 3 - Does Not Meet
IEC 60079-25
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NEC Article 501.35 Surge Protection, contains some requirements about the surge protection devices
installation in hazardous area. For Class |, Division 1 locations, surge arresters, surge-protective devices
and capacitors shall be installed in enclosure identified for Class I, Division 1 location. Also, surge
protective capacitors shall be of a type designed for specific duty. For Class I, Division 2 locations, surge
arresters and surge-protective devices shall be non-arcing, such as metal-oxide varistor (MOV) sealed
type. Enclosures shall be permitted to be of the general-purpose type.

In general, IEC 60079 series does not contain many requirements about the surge arresters except in
Annex F of IEC 60079 part 25. Annex F provides information on use of surge arrester protect against
lightning induced surges.

Based on the analysis described above, the surge protection devices in the IEC 60079 do not meet the
requirements described in NEC.
10. Electrical Protections

Table 8 provides a summary of the analysis of electrical protection requirements. Subsequent
discussions below provide an analysis of the similarities between the NEC and the IEC.

Table 8: Electrical Protection Requirements Assessment Results

Section Title / Baseline Standard International Standard Assessment
Subject Issue NEC Art. 500 and 505 IEC 60079 Series Results
Electrical Protection 501.115 Multiple IEC 60079 Type 2 - Meets
Series Parts
Instruments and Relays 501.105 IEC 60079 Part 7and | Type 2 - Meets
Part 14

10.1 Electrical Protection

NEC Article 501.115 Switches, Circuit Breakers, Motor Controllers, and Fuses, provides the requirements
for electrical protective devices such as switches, circuit breakers, motor controllers installed in
hazardous locations. For Class |, Division 1 locations, switches, circuit breakers, motor controllers and
fuses are to be provided with the suitable enclosures. The explosionproof enclosures and
purged/pressurized enclosures are considered as suitable enclosures. For Class |, Division 2 locations, a
general-purpose enclosure can be acceptable if it meets certain conditions such as the interruption of
current occurs within a chamber hermetically sealed or the interruption occurs within an enclosure
identified for the location. Also, for Class I, Division 2 locations, the general-purpose enclosure can be
acceptable if the device is a solid state, switching control without contacts where the surface
temperature does not exceed 80% of the auto ignition temperature of the gas or vapor involved.

IEC 60079-1 and IEC 60079-7 provide the requirements for equipment protection by flameproof
enclosures and increased safety 'e' respectively. The IEC standards allow circuit breakers and switches in
flameproof enclosures along with the increased safety 'e' method to be installed in Zone 1 areas. Per
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IEC 60079-7, Clause 5.9, non-renewable types of fuses with increased safety protection are allowed to
be installed in Zone 2 locations. IEC 60079-11, clause 7.3 requires that fuses with intrinsic safety
protection are to be encapsulated, which allow the fuses to be installed in Zone 1 locations.

Based on the analysis, the IEC 60079 provisions for the installation of the electrical protective devices
meets the NEC Article 501.115.

10.2 Instruments and Relays

Similarly, NEC Article 501.105 Meters, Instruments, and Relays, provides the requirements for
instruments and relays to be installed in hazardous areas. For Class |, Division 1 locations, instruments
and relays including current transformers, resistors and rectifiers are to be provided with enclosures
identified for Class |, Division 1 locations. For Class I, Division 2 locations, contacts such as switches,
circuit breakers, make and break contacts of pushbuttons, relays, alarm bells and horns are to be
installed in an enclosure suitable for Class |, Division 1 locations. General purpose enclosures are
allowed in cases without make-or-break contacts such as transformer windings, impedance coils,
solenoids and other windings that do not incorporate sliding or make-or-break contacts.

In similar manner, the IEC standards also contain requirements in regard to devices and components
that can produce arc or spark during normal operation. The IEC standard describes the parts which in
normal operation can produce arcs, sparks or hot surfaces which otherwise would be capable of igniting
a surrounding atmosphere shall be protected against causing ignition by one or more of the following
methods:

e Enclosed-break device

e Nonincendive component

e Hermetically sealed device

e Sealed device

e Restricted-breathing enclosure

For Zone 2 locations, Non-rewirable and non-indicating cartridge types fuses can be deemed as non-
sparking devices therefore fuses of this type can be installed in general type of enclosures.

In general, the NEC allows the installation of electrical protective devices in the hazardous area given
that they are provided with suitable enclosures such as the explosion proof enclosure. For Class, |
Division 2 locations, the NEC allows circuit breakers, switches, and motor controllers to be installed in a
general type enclosure given that the electrical part designed to interrupt the current is provided with
the acceptable type of protection. Similarly, the IEC standards require for Zone 1 and Zone 2
installations current interrupting contacts that can produce arcs or sparks which would be capable of
igniting a surrounding atmosphere are to be installed in suitable enclosures such as a flameproof
enclosure.

Based on the analysis, the IEC 60079 provisions for instruments and relays meets the NEC Article
501.115.
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11. Electrical Equipment Construction and Installation

Table 9 provides a summary of the analysis of electrical equipment construction and installation
standards. Subsequent discussions below provide an analysis of the differences and similarities
between the NEC and the IEC.

Table 9: Electrical Protection Standards Assessment Results

Section Title / Baseline Standard International Standard Assessment
Subject Issue NEC Art. 500 and 505 IEC 60079 Series Results
Guarding against Article 110 IEC 61482-1-1, IEC Type 1 - Exceeds
Electrical shock and arc 61482-1-2
flash risks
Protecting Equipment Article 110.28 IEC 60529 (Section 4) | Type 3 - Does Not
from ingress of solid Meet
foreign objects

11.1 Guarding against Electrical Shock and Arc Flash Risks

NEC Article 110 Requirements for Electrical Installations, specifies that electrical equipment that are
likely to require examination, adjustment, servicing, or maintenance while energized shall be marked
with a warning sign stating potential electric arc-flash hazards. This equipment includes switchboards,
switchgear, panel boards, etc. The NEC refers to NFPA 70E-2015, Standard for Electrical Safety in
Workplace for further guidance regarding this topic.

IEC 61482 (series) Live working - Protective clothing against the thermal hazards of an electric arc, covers
the requirements with regard to guarding against arc flash risks. In addition to the marking required by
the equipment design standards, arc flash data and the required personal protective equipment (PPE)
are to be indicated at each location where work on high voltage equipment could be conducted. This
IEC standard also covers the methods for testing of clothing fabrics and garments that are designed to
protect against arc flashes. Requirements regarding the switchgear and control gear assemblies are
covered in IEC 62271 High-voltage switchgear and controlgear - Part 200: AC metal-enclosed switchgear
and controlgear for rated voltages above 1 kV and up to and including 52 kV.

As described above, the NEC doesn’t contain extensive requirements in regard to Arc-flash. However,
the IEC standards contain the requirements regarding the testing of PPE. In this area, sections of IEC
61482-1-1 and 61482-1-2 exceed the requirements in Article 110 of the NEC.

11.2 Protecting Equipment from ingress of solid foreign objects

NEC Article 110.28 Enclosure Types, contains requirements regarding the types of enclosures that can be
installed in different environmental conditions. Table 110.28 Enclosure Selection in the NEC provides a
selection of enclosures based on the degree of protection against the environmental conditions and
location of enclosure (indoor or outdoor use). The enclosures are meant to provide a degree of
protection against different environmental conditions such as falling dirt, falling liquids & light splashing,
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temporary submersion and permanent submersion including incidental contact with the enclosed
equipment. The NEC advises in the guidance notes that Ingress protection (IP) ratings may be found in
ANSI/NEMA 60529 (Degrees of Protection Provided by Enclosures. Also, the NEC suggests that IP ratings
are not a substitute for Enclosure type ratings.

IEC 60529 Degrees of Protection Provided by Enclosures (IP Code), defines the degree of protection
provided by an enclosure. The enclosure rating is indicated by the IP Code. The enclosures are to
protect against the incoming solid foreign objects as well as against the harmful effects of ingress water.
The enclosure ratings in IEC is provided with the combination of two digits, i.e. IP22. First digit indicates
the level of protection against the solid objects and the second digit indicates the level of protection
against water.

The degree of protection provided by an enclosure that is identified by IP rating is comparable to the
enclosure type number identified in NEC Table 110.28. For example, an enclosure with IP 22 rating is
comparable to enclosure type 2 indicated in NEC. It should be noted that for most part the degree of
protection provided by an enclosure with IP code is comparable to the type rating of the enclosure
identified in NEC. However, there are enclosures with enclosure type rating 4X and 7, for which there
are no equivalent enclosures identified by IP rating.

Based on this analysis, the IEC standard 60529 does not meet the requirement in NEC Article 110.28.

11.3 Design Criteria for submarine cable used for subsea production
equipment

The NEC does not contain any requirements for the submarine cables. NEC Article 340 Underground
Feeder and Branch-Circuit Cable: Type UF, provides the information on the use, installation and
construction specifications for underground cables and branch-circuit cables and does not provide any
information on submarine cables. Similarly, there is no specific IEC standard that provides requirements
for submarine cables. The API Specification 17E, Specification for Subsea Umbilicals and IEEE 1120 IEEE
Guide for the Planning, Design, Installation, and Repair of Submarine Power Cable Systems provide
design criteria for submarine cables.

12. Summary Conclusion and Recommendations

12.1 Comparative Assessment Conclusions

Based on the comparative assessments in the above sections, various sections of the IEC meet, exceed
do not meet the NEC.

IEC 60079 meets the requirements outlined in NEC Articles 500, 501 and 505 in the following hazardous

areas subject areas:
e C(Classification of hazardous areas
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e Seals and drainage

e Lighting methods

e Motor and generators
e Electrical protection

e Instrument and relays

On the other hand, the IEC standard exceeds the NEC standard in the subject areas of:

e Gas dispersion models
e Guarding against electrical shock and arc flash risks

The IEC standard does not meet the requirements outlined in the NEC standard, in the subject areas of:
e Protection techniques
e Suitability of electrical equipment
e |Intrinsically safe system
e Specific wiring methods
e Grounding and bonding
e Transformers and capacitors
e Increased safety ‘e’ motors
e Surge protection
e Protecting equipment from ingress of solid foreign objects

Neither the NEC nor the IEC 60079 contained requirements on:

e Harmonics mitigation and recording requirement methods
e Power quality
e Design criteria for submarine cables used for subsea production equipment.

12.2 Recommendations

The following recommendations are based on the comparative assessment of the between NEC Articles
500 and 505 to IEC 60079. BSEE incorporates industry standards by reference into Title 30, CFR Part
250.198. Inasmuch as these regulations represent the minimum requirements, adherence to other
standards that exceed the comparable standards IBR into regulation, including international standards,
should represent at least an equivalent level of safety.

The following recommendations are offered for BSEE’s considerations;

1. BSEE should consider incorporating sections of IEC 60079 that exceed the comparable
sections of the NEC Articles 500 and 505 as identified in this report.

2. Once incorporated into regulation by reference, BSEE should develop and/or revise the
Electrical Potential Incidents of Non-Compliance that reference the NEC 500, 505 and IEC
60079. New and/or revised PINC will be considered during Task 5 of this project.
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3.

For electrical standards not incorporated into regulation by reference, BSEE should consider
developing an audit protocol that would enable BSEE inspectors and engineers to determine
compliance with these standards. Development of an audit protocol will be considered
during Task 5 of this project.

BSEE should provide training to inspectors and engineers on the IEC 60079 so that they are
familiar with the various provisions.

BSEE should provide inspectors and engineers with a copy of this report so they can become
familiar with the result of the analysis.

BSEE should conduct further analysis of IEC 61000- 4-7 to determine if the harmonics, inter-
harmonics measurements and instrumentation requirements in this standard meets,
exceeds or does not meet the requirements in NFPA 70B.

BSEE should conduct further analysis of IEC 61000 series to determine if the power quality
requirements in this standard meets, exceeds or does not meet the requirements in NFPA
708B.

BSEE should obtain copies of the NPFA 70 and the | IEC60079 series for use by engineers and
inspectors.
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Appendix A. Comparative Assessment Results of NEC vs IEC 60079 for Hazardous Location
Classification Methods

Table 10 provides a summary of the comparative assessment between the NEC and IEC 60079. This appendix contains the analysis for the
following subjects:

e (lassification of Locations and Material Groups

e Protection Techniques

e Equipment and Zone Equipment

e (lassification of Locations and Material Groups

e Protection Techniques

e Equipment

e Intrinsically Safe System

e Gas Dispersion Models between a national standard and equivalent IEC standard

Table 10: Comparative Assessment Results - NEC vs IEC 60079 Hazardous Location Classification Methods

No. Section Title / Baseline Standard IEC Standard Impact Type Analysis
Subject Issue NEC IEC 60079 (Meets, Exceeds,
Does Not Meet)

1 Classification of 500.5 and 500.6 Division method described in Article 500 of NEC is not
Locations and Material covered by IEC. IEC describes Zone method for area
Groups classification as shown below in item no.4. Division

method of Classification is comparable to Zone
Method.

2 Protection Techniques 500.7 Refer to analysis described in item no.5 below.

3 Equipment and Zone 500.8 and 501.5 Refer to analysis described in item no.6 below.
Equipment

4 Classification of 505.5 and Part 10-1 Type 2 - Meets Definitions and basis for the Zone method classification
Locations and Material 505.6 3 (Terms and in NEC and IEC are same as described.

Groups Reference); 4.1
(Safety Principles);
4.2 (Area
Classifications
Objectives)
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No.

Section Title /
Subject Issue

Baseline Standard
NEC

IEC Standard
IEC 60079

Impact Type
(Meets, Exceeds,
Does Not Meet)

Analysis

Protection Techniques

505.8

Part O,
Section 1 (Scope)

Type 3 - Does Not
Meet

- NEC in Article 500 identifies explosion proof as one of
the protection techniques whereas IEC does not require
explosion proof equipment. However, NEC in Article
505 also allows flameproof 'd' as one of protection
techniques.

- Explosion proof enclosures have higher withstand
rating than the Flameproof enclosures. Explosion proof
enclosures are individually factory tested to four times
the maximum pressure that is released in an explosion,
whereas Flameproof enclosures are tested to 1.5 times
the maximum pressure that are released in an
explosion.

- Protection techniques allowed by NEC Article 505 and
IEC are the same except the combustible gas detection
system.

- It is to be noted that NEC in Article 500 recognizes
Nonincendive Equipment as one of the protection
techniques for installation in Division 2 locations.
However, there is no provision made for it in NEC
Article 505. IEC Standard 60079 Part 15 (Equipment
protection by type of protection 'n') provides
requirements for the non-incendive components
producing arcs, sparks or hot surfaces. Refer to analysis
on FM 3611 standard for the further information on use
of Nonincendive equipment.

* Note: Refer to Task 3 in regard to analysis on UL 1203
(Standard for Explosion proof electrical equipment) vs.
IEC 60079-1 for further details.

Equipment

505.9

Part O, Section 29

Type 3 - Does Not
Meet

- IEC does not require the equipment to be marked with
Class I. However, it can be identified based on group
type indicated on the equipment label.

- IEC also doesn't require the equipment to be marked
with type of Zone such as Zone 0, Zone 1 or Zone 2.

A-2




%ABS Group

Comparative Assessment: International Electrotechnical Commission vs National Electrical Code

No.

Section Title /
Subject Issue

Baseline Standard
NEC

IEC Standard
IEC 60079

Impact Type
(Meets, Exceeds,
Does Not Meet)

Analysis

However, it can be identified based on the type of
protection used for the equipment.

- For example, protection type code 'ia' is suitable for
installation in Zone 0, whereas protection type code 'ib’
is suitable for installation in Zone 1.

- NEC in article 505 provides a Table 505.9(C)(2)(4) with
the information on type of protection designation and
corresponding type of zone.

- IEC 60079 Part 14, Table 1 and Table 2 provide the
same type of information on relationship between type
of protection and EPL and type of zone.

- Detailed information regarding marking 'AEx' and 'EEx'
are covered under Task 4 analysis. Please refer to Task
4 Report for further information on marking
requirements provided in NEC 505.9(C), ISA 60079
series standards verses relevant IEC 60079 series
standards.

Intrinsically Safe
System

504

Part 11 (Equipment

protection by
intrinsic safety 'i')

Type 3 - Does Not
Meet

NEC in this article refers to UL 913 in regard to
construction and performance requirements for
intrinsically safe apparatus and associated apparatus.
Also, UL 913 refers to UL 60079-11 for the testing
requirements for this equipment. UL 60079-11 is based
on IEC 60079-11.

- Refer to refer to Task 3 analysis for the comparison
between UL 913 and relevant IEC standard. Also, refer
to task 4 analysis for the comparison between UL
60079-11 and IEC 60079-11.

Gas Dispersion Models
between a national
standard and
equivalent IEC
standard

NFPA 59A

Part 10-1
Section 5 (Area
Classification
Methodology)

Type 1 - Exceeds

NEC doesn't contain any guidance or requirements
regarding the criteria for the gas dispersion models.
However, NFPA 59A refers to model described in GRI
Report 0242 "LNG Vapor Dispersion Prediction with the
DEGADIS Dense Gas Dispersion Model". This model
incorporates the physical factors influencing LNG vapor
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No.

Section Title /
Subject Issue

Baseline Standard
NEC

IEC Standard
IEC 60079

Impact Type
(Meets, Exceeds,
Does Not Meet)

Analysis

dispersion, including but not limited to gravity
spreading, heat transfer, humidity, wind speed and
direction, atmospheric stability, buoyancy and surface
roughness.

IEC 60079 Part 10-1 describes different methods that
can be used to classify a hazardous area. Three
methods are called as simplified methods, classification
by sources of release and combination methods. Any of
these methods can be considered based on the physical
factors and practical application of it.
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Appendix B. Comparative Assessment Results of NEC vs IEC 60079 for Wiring Methods

Table 11 provides a summary of the comparative assessment between the NEC and IEC 60079. This appendix contains the analysis for the

following subjects:

Wiring Methods

Sealing and Drainage
Grounding and Bonding

Table 11: Comparative Assessment Results - NEC Articles vs IEC 60079 Wiring Methods

No. Section Title / Baseline Standard IEC Standard Impact Type Analysis
Subject Issue NEC IEC 60079 (Meets, Exceeds,
Does Not Meet)
1 Wiring Methods 501.10 IEC does not cover the Division classification method.
IEC covers the Zone method as described under subtask
1.1. Wiring methods described under Division method
are comparable to wiring methods for Zone method as
described below.
2 Wiring Methods 505.15 IEC 60079-14 Type 3 - Does Not | The requirements described in NEC are specific in
Section 9 (Cables | Meet nature as to what type of wiring is allowed in hazardous
and Wiring areas. Wiring method described in IEC is general and
System) doesn’t provide much detail.
3 Sealing and 501.15 Sealing and drainage requirements described under
Drainage Division methods are comparable to equipment sealing
and drainage requirements described for Zone method
below.
4 Sealing and 505.16 Type 2 - Meets In general, the requirements for seals in conduits and
Drainage cables in IEC meet NEC. However, NEC specifically
describes the distances where the seals in conduits and
cables are to be installed in different arrangements.
5 Grounding and 501.30 and 505.25 IEC 60079-14 Type 3 - Does Not | NEC requires a separate equipment grounding
Bonding Section 9 (Cables | Meet conductor or equipment bonding jumper whereas IEC
and Wiring allows conduit system to be used as the equipment
System) grounding conductor.
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Appendix C. Comparative Assessment Results of NEC vs IEC 60079 for Lighting Methods and Motor

Requirements

Table 12 provides a summary of the comparative assessment between the NEC and IEC 60079. This appendix contains the analysis for the

following subjects:

Table 12: Comparative Assessment Results - NEC Articles 500 and 505 to IEC 60079 (continued)

Lighting Methods

Motors and Generators
Transformers and Capacitors
Increased Safety 'e' Motors and Generators

No. Section Title / Baseline Standard IEC Standard Impact Type Analysis
Subject Issue NEC IEC 60079 (Meets, Exceeds,
Does Not Meet)
1 Lighting Methods Article IEC 60079-0 Type 2 - Meets Requirements listed in this article of NEC in
501.130 Section 21; regard to lighting methods are covering more
IEC 60079-14 the installation than the design criteria. IEC 79
Section 12 series parts covers some of both.
2 Motors and Article IEC 60079-14 Type 2 - Meets - NEC provides the requirements in regard to
Generators 501.125 Section 5; what type of motors, generators or other
IEC 60079-0 rotating electrical machinery can be installed in
Section 17 & 26; Class | Division 1 or Division 2 locations.
IEC 60079-1 - IEC describes that rotating equipment such as
Section 15 motors and generators protected with different

protection techniques such as flameproof
enclosure, pressurized enclosure, increased
safety or non-sparking are allowed to be
installed in hazardous areas. For example,
motor with flameproof enclosure is suitable for
installation in Zone 1 area. Similarly, pressurized
enclosed motor with level of protection 'pzc'is
suitable for installation in Zone 2 area or
Division 2 location.
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No. Section Title / Baseline Standard IEC Standard Impact Type Analysis
Subject Issue NEC IEC 60079 (Meets, Exceeds,
Does Not Meet)
3 Transformers and Article IEC 60079-7 Type 3 - Does Not NEC provides the requirements for what type
Capacitors 501.100 Section 6 Meet of transformers can be installed in Class I,
Division 1 or Division 2 areas. The requirements
indicated for Class | Division 1 transformers are
for onshore installation. In Class | Division 2
locations, dry type transformers and less
flammable liquid-insulated are allowed to be
installed. There is not much information in
regard to transformers for hazardous area
installation in IEC 79 series standards.
4 Increased Safety 'e' Article IEC 60079-7 Type 3 - Does Not With regard to the motors with type of
Motors and 505.22 Section 9; Meet protection 'e', marking and overload protection
Generators IEC 60079-14 requirements in NEC and IEC are comparable.
Section 11 However, NEC requires the motor controller

should also have the specific marking when
provided for motors with type of protection 'e'.
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Appendix D. Comparative Assessment Results of NEC vs IEC 60079 for Harmonic Mitigation, Power

Quality and Surge Protection

Table 13 provides a summary of the comparative assessment between the NEC and IEC 60079. This appendix contains the analysis for the

following subjects:

e Harmonic Mitigation: Conductors in Parallel & Neutral Conductor Sizing

e Power Quality
e Surge Protection

Table 13: Comparative Assessment Results - NEC vs IEC 60079 Harmonic Mitigation, Power Quality and Surge Protection

No. Section Title / Baseline IEC Standard Impact Type Analysis
Subject Issue Standard IEC 60079 (Meets, Exceeds,
NEC Does Not Meet)

1 Harmonic Mitigation 310.10(H); IEC 61000 Undetermined NEC provides some guidance in form of the fine print
Conductors in Parallel 220.61(C) notes to address the issues due to harmonics, specially
Neutral Conductor Sizing the 3rd harmonics. NEC also directs to Chapter 10 of

NFPA 70B for additional guidance and information on
harmonics and ways to address the harmonic issues.
Further analysis between NFPA 70B and pertaining
parts of IEC Standard 61000 is required in order to
determine the impact type for topic of harmonic
mitigation.

2 Power Quality 210.19 (A) FPN IEC 61000 Undetermined NEC in some of the articles provides guidance in fine

No.4; print notes to address some of the power quality

Article 280 issues. However, NEC does not have any direct
requirements on power quality. It directs to Chapter
10 of NFPA 70B for additional information in regard to
power quality and power quality related issues.
In order to determine an impact type for this topic, a
detailed analysis between NFPA 70B and pertaining
parts of IEC standard 61000 is needed.

3 Surge Protection 501.35 Annex F Type 3 - Does Not Surge arresters, surge-protective devices and

IEC 60079-25 Meet capacitors are to be installed in a suitable enclosure for
Class | Division 1 location. For Class | Division 2
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locations, nonarcing surge arresters and surge-
protective devices are allowed to be installed in
general-purpose type enclosures.

Also, there is not much information mentioned in IEC
79 series standards with regard to surge arresters and
surge protective devices.
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Appendix E. Comparative Assessment Results of NEC vs IEC 60079 for Electrical Protections

Table 14 provides a summary of the comparative assessment between the NEC and IEC 60079. This appendix contains the analysis for the

following subjects:

Electrical Protection

Instruments and Relays

Table 14: Comparative Assessment Results - NEC vs IEC 60079 Electrical Protections

and Part 14

No. Section Title / Baseline IEC Standard Impact Type Analysis
Subject Issue Standard IEC 60079 (Meets, Exceeds,
NEC Does Not Meet)
1 Electrical Protection 501.115 Multiple IEC Type 2 - Meets NEC allows the installation of electrical protective
60079 Series devices in the hazardous area given that are provided
Parts with the suitable enclosure such as the explosion proof
enclosure. In Class | Division 2, NEC allows the circuit
breakers, switches, motor controllers to be installed in
general type enclosure given that the electrical part that
are to interrupt the current are provided with the
acceptable type of protection.
IEC also makes the same provision for the installation of
the electrical protective devices in the hazardous area.
2 Instruments and Relays 501.105 IEC 60079 Part 7 | Type 2 - Meets For Class | Division 1 or Division 2 locations, contacts

such as switches, circuit breaker or relays, alarm bell
and horns that can arc, spark and ignite the surrounding
atmosphere are required to be installed in suitable
enclosures such as an explosion proof or
purged/pressurized enclosures. Similarly, IEC standard
for Zone 1 and Zone 2 installations require the current
interrupting contacts that can produce arcs or sparks
which would be capable of igniting a surrounding
atmosphere are to be installed in suitable enclosure
such as a flameproof enclosure.
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Appendix F. Comparative Assessment Results of NEC vs IEC 60079 for Electrical Equipment
Construction and Installation

Table 15 provides a summary of the comparative assessment between the NEC and IEC 60079. This appendix contains the analysis for the
following subjects:

e Guarding against Electrical shock and arc flash risks

e Protecting Equipment from ingress of solid foreign objects

e Submarine Cables used for Subsea production equipment

e Requirements (design criteria) for submarine cable used for subsea production equipment

Table 15: Comparative Assessment Results - NEC vs IEC 60079 Electrical Equipment Construction and Installation

No. Section Title / Baseline IEC Standard Impact Type Analysis
Subject Issue Standard IEC 60079 (Meets, Exceeds, Does
NEC Not Meet)
1 Guarding against Electrical Article 110 IEC 61482-1-1, IEC | Type 1 - Exceeds NEC doesn't contain extensive
shock and arc flash risks 61482-1-2 requirements in regard to Arc-flash.
2 Protecting Equipment from Article 110.28 IEC 60529 Type 3 - Does Not Meet | For most part the degree of protection
ingress of solid foreign objects (Section 4) provided by an enclosure which is

indicated by the IP code is comparable to
the type rating of the enclosure identified
in NEC. However, there are NEMA
enclosures with type rating 4X and 7 for
which there are no equivalent enclosures
identified by IP rating.

3 Submarine Cables used for N/A N/A Type 2 - Meets This subject is not included in either the
Subsea production equipment NEC or the IEC.

4 Requirements (design criteria) NEC doesn’t contain any requirements for
for submarine cable used for submarine cables for the subsea
subsea production equipment production equipment. Similarly, there is

no specific standard in IEC that provides
requirements for submarine cables.
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1. Introduction

On September 16, 2016, the Bureau of Safety and Environmental Enforcement (BSEE) Office of Offshore
Regulatory Programs (OORP) contracted ABSG Consulting, Inc. (ABSG) to conduct the Comparative
Assessment of Electrical Standards and Practices study (GS-00F-026A, #E16PC00014). BSEE currently
incorporates various industry standards by reference into Title 30 Code of Federal Regulations (CFR)
250.198. BSEE considers it a priority to have an accurate understanding of the concepts detailed in these
industry standards documents when conducting inspections of offshore oil and gas facilities to ensure
compliance with regulations.

With more facilities and components being manufactured overseas to international standards,
determining acceptable equivalencies between the domestic standards incorporated by reference (IBR)
and the comparable international standards has become challenging. BSEE recognizes these challenges
with many of the electrical standards IBR in 30 CFR 250.198. The purpose of this study was to conduct a
gap analysis to compare domestic electrical standards (i.e., NEC, API, ANSI and UL standards) to
international electrical standards (i.e., International Electrotechnical Commission standards). As part of
this study the following comparative assessments were conducted:

. Task 1 — IEC vs. NEC standards

. Task 2 — IEC vs. API standards

. Task 3 — IEC vs. ANSI/UL standards

. Task 4 — Other gap analysis assessments

o Task 6 — United States vs International Accreditation Practices

Through this comparative gap analysis, BSEE may determine that some of the existing international
electrical standards may be easier to follow by the offshore oil and gas industry, more robust, and easier
to enforce. BSEE may use the results of this analysis to inform the policies and regulations associated
with the electrical-related standards IBR. The ultimate goal of improved regulations is safer operations
on the OCS, resulting in better protection of the environment and a reduction in the loss of life and
property

This report presents the results of Task 2, the comparative assessment to determine if the requirements
of International Electrotechnical Commission (IEC) 61892 Mobile and fixed offshore units — Electrical
installations series of standards meets, exceeds or does not meet the requirements of the American
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Petroleum Institute (APl) Recommended Practice (RP) 14F Design, Installation, and Maintenance of
Electrical Systems for Fixed and Floating Offshore Petroleum Facilities for Unclassified and Class 1,
Division 1 and Division 2 Locations ( API RP 14F) and AP/ RP 14FZ Recommended Practice for Design and
Installation of Electrical Systems for Fixed and Floating Offshore Petroleum Facilities for Unclassified and
Class I, Zone 0, Zone 1 and Zone 2 Locations 1 and Division 2 Locations (APl RP 14FZ).

This report also presents the results of the comparative assessment of IEC 60079 Explosive atmospheres
- Part 10-1: Classification of areas — Explosive gas atmospheres (IEC 60079-10-1) to AP/ RP 500
Recommended Practice for Classification of Locations for Electrical Installations at Petroleum Facilities
Classified as Class 1, Division 1 and Division 2 (API RP 500) and AP/ RP 505 Recommended Practice for
Classification of Locations for Electrical Installations at Petroleum Facilities Classified as Class I, Zone 0,
Zone 1, and Zone 2 (API RP 505).

2. Methodology

ABSG conducted a comparative assessment to determine if the IEC 61892 and IEC 60079 standards
meet, exceed or do not meet the APl RP 14, APl RP 14F, API RP 500 and API RP 505 standards. The
editions of API RP 14F and APl RP 14FZ, API RP 500 and API RP 505 referenced by 30 CFR 250, were used
along with the latest editions of IEC 61892 and 60079 Series standards for this analysis as shown in Table
1.

Table 1: Standards used for the comparative assessment of APl RP 14F, API RP 14FZ, APR RP 500 and APR RP 505
API RP 14F - Design, Installation, and IEC 61892, Mobile and fixed offshore units —
Maintenance of Electrical Systems for Fixed and | Electrical installations:

Floating Offshore Petroleum Facilities for
Unclassified and Class 1, Division 1 and Division

2 Locations (Fifth edition, July 2008,
Reaffirmed, April 2013) IEC 61892-2, Part 2: System design(Ed. 2.0 2012-03)

IEC 61892-1 Part 1: General requirements and
conditions (Ed. 3.0: 2015-07)

API RP 14FZ - Recommended Practice for IEC 61892-3, Part 3: Equipment (Ed. 3.0 2012-03)

Design and Installation of Electrical Systems for | \cc £1892-4 part 4: Cables (Ed. 1.0 2007-06)
Fixed and Floating Offshore Petroleum Facilities ’

Zone 2 Locations 1 and Division 2 Locations IEC 61892-6, Part 6: Installation (Ed. 3.0 2013-12)
(First edition, September 2001, Reaffirmed
March 2007) I1E2C) 61892-7, Part 7: Hazardous Areas (Ed. 3.0 2014-




%;?ABS Group

Comparative Assessment: International Electrotechnical Commission vs American Petroleum Institute

Baseline Standards IEC Standards

API RP 500 - Recommended Practice for IEC 60079-0 Explosive atmospheres - Part O:
Classification of Locations for Electrical Equipment — General requirements (Ed. 6.0: 2011-
Installations at Petroleum Facilities Classified as | 06)

Class |, Division 1 and Division 2, (Second
edition, November 1997, Reaffirmed:
November 2002)

API RP 505 - Recommended Practice for
Classification of Locations for Electrical
Installations at Petroleum Facilities Classified as
Class |, Zone 0, Zone 1, and Zone 2 2 (First
edition, November 1997, Reaffirmed August
2013)

IEC 60079-10-1 Explosive atmospheres - Part 10-1:
Classification of areas — Explosive gas atmospheres
(Ed. 2.0: 2015-09)

To conduct the analysis, ABSG developed a Standards Analysis Tool to facilitate the comparative
assessment. The Standards Analysis Tool was used to map the domestic baseline standard (API) to the
comparable section of the international standard (IEC). The Standards Analysis Tool incorporated an
Impact Type criteria, which allowed for a side-by-side comparison of each section of the domestic
baseline standard (API) to the comparable section of the international standard (IEC). Lastly, the
Standards Analysis Tool included an analysis section for the SME to provide comments on the impact
category that was selected. The comments includes a justification of each designation (meets, exceeds,
or does not meet) descriptions of similar provisions, additional requirements or shortfalls. Summary
versions of the completed analysis templates are provided in Appendices A and B as references in this
report.

Table 2 provides a description of the Impact Type criteria used for the comparative assessment. The
subject matter expert (SME) reviewed each section and assigned an impact category.

Table 2: Impact Type Criteria

Impact Category Description
Type 1 - Exceeds The International Electrotechnical Commission standards exceed
the standards currently used by BSEE
Type 2 - Meets The International Electrotechnical Commission standards meet
the standards currently used by BSEE
Type 3 - Does Not Meet The International Electrotechnical Commission standards does
not meet the standards currently used by BSEE

3. APIRP 14F & RP 14FZ vs. IEC 61892

API RP 14F is the RP for electrical systems on offshore petroleum facilities using the division classification
method for hazardous locations as described API RP 500. This RP identifies features of offshore electrical
systems and recommends generally accepted practices for electrical design and installation in the offshore
industry. APl RP 14FZ is the RP for electrical systems on offshore petroleum facilities using the zone
classification method for hazardous locations as described APl RP 505.
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The comparable IEC standards to API RP 14F and API RP 14 FZ are the IEC 61892 series of standards,
which also provides guidance for the design and installation of electrical systems for the offshore
petroleum industry. API RP 14F was written for electrical installations on offshore facilities where areas
are classified by the division method and the IEC standards only recognize the zone method of area
classification, it is not possible to make a direct comparison in some cases. In these cases, the
requirements in the IEC standard will be compared with those in the API standard to determine if an
equivalent level of safety can be achieved by following the IEC standard.

The scope of the comparative assessment between the API RP 14F and API RP 14FZ with the IEC Standard
61892 included the following topics:

e General provisions

e Electrical equipment for hazardous (classified) locations
e Electrical power generating stations

e Electrical distribution systems

e Electrical equipment

e Special systems

e Special considerations

e System checkout

3.1 General Provisions

Table 3 provides the results of the comparative assessment for the general provisions.

Table 3: General Provisions - Comparative Assessment Results

Section Title / Baseline Standard International Standard Assessment
Subject Issue API RP 14F and API RP 14FZ IEC 61892 Series Results
Scope Section 1.1 Part 1: Clause 1 Type 2 - Meets
Applicability of NEC Section 1.2 Part 2 Type 2 - Meets
Part 6
References (Codes, Rules,
Gwdes.& standards from Section 2 All Parts, Clause 2 Type 2 - Meets
Industries, Government
and Class Society)
Acronyms and Section 3 All parts, Clause 3 Type 2 - Meets

Abbreviated Definitions

Both API and IEC standards cover fixed and floating petroleum facilities located offshore. The IEC
standard also covers mobile offshore drilling units.

The API standard refers to the National Fire Protection Association NFPA 70, National Electrical Code
(NEC) for detailed design and installations of electrical systems and equipment and U.S. Code of Federal
Regulations (CFR) for other special systems. The IEC standard does not refer to any national standard
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but provides the relevant requirements within the standard for general electrical installations and refers
to other international standards and Codes for special systems.

API RP 14F and API RP 14FZ reference and are derived from North American standards such as National
Fire Protection Association (NFPA), Institute of Electrical and Electronic Engineers (IEEE), National
Electrical Manufacturer’s Association (NEMA), etc. |IEC 61892 references and are derived from other IEC
and international standards such as SOLAS (International Convention for the Safety of Life at Sea), IMO
MODU Code, IALA (International Association of Marine Aids to Navigation and Lighthouse Authorities).

Both APl and IEC standards provide adequate definitions of the terms used within the standard.
3.2  Electrical Equipment for Hazardous (Classified) Locations

Section 4 of the API RP 14F provides guidance for selection of electrical equipment in hazardous
locations designated as Class |, Division 1 or Division 2. Different types of protection techniques are
introduced. Among these are explosion-proof, hermetically sealed, intrinsically safe, non-incendive and
purged enclosures. For purged enclosures UL Standard for Safety for Intrinsically Safe Apparatus and
Associated Apparatus for Use in Class 1, I, and lll, Division 1, Hazardous (Classified) Locations (UL 913)
and NFPA 496 Standard for Purged and Pressurized Enclosures for Electrical Equipment are specified.
However, no specific standards are specified for explosion-proof, hermetically sealed or non-incendive
equipment. The concept of High Temperature Devices is also introduced. Although the NEC is
applicable for electrical installations on offshore facilities, it should be noted that APl RP 14F does not
permit isolating switches for a transformer to be installed within general purpose enclosure located in
Division 2 area. This is a departure from the NEC.

Similarly, section 4 of the API RP 14FZ provides guidance for selection of electrical equipment in
hazardous locations designated as Class |, Zone 1 or Zone 2. Additional protection techniques such as
flameproof, increased safety, oil immersion, etc. are introduced along with the ISA standards specified
for these protection techniques. Along with NFPA 496 and UL 913, IEC standards 60079-2 Explosive
Atmospheres - Part 2: Equipment Protection by Pressurized Enclosures "p and 60079-11 Explosive

HL
1

Atmospheres - Part 11: Equipment Protection by Intrinsic Safety "i" are recognized. Specific marking
requirements for equipment is provided. According to the NEC, equipment listed and marked for
hazardous zones may be installed in area classified by division for the same gas group and with a

suitable temperature class.

Part 7 of the IEC 61892 provides guidance for the selection of electrical equipment in hazardous areas.
To determine which type of protection technique is acceptable for a particular hazardous area, IEC
60079-14 should be consulted as this standard has tables listing the acceptable protection methods for
Zone 0, 1 and 2. Note that IEC 61892-7 permits only equipment certified to IEC 60079 to be installed in
hazardous areas. Such equipment must have a certificate issued by a recognized certifying body.

Table 4 provides the results of the comparative assessment regarding requirements for Electrical
Equipment for Hazardous Locations.
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Table 4: Electrical Equipment for Hazardous (Classified) Locations — Comparative Assessment Results

Section Title / Subject Baseline Standard International Standard Assessment
Issue API RP 14F and API RP 14FZ IEC 61892 Series Results
General Considerations Sections 4.1 & 4.2 Part 7, Clause 4.2 & 7 | Type 2 - Meets
and High Temperature
Devices
Protection Techniques Sections 4.3 thru. 4.5 Part 7, Clause 11 thru. | Type 3 - Does
23 Not Meet (API
RP 14F)

Type 2 — Meets
(API RP 14FZ)

Marking of Electrical Sections 4.6 & 4.7 Part 7, Clause 7 Type 3 - Does
Equipment, Gas Groups (API RP 14FZ only) Not Meet

3.2.1 General Considerations and High Temperature Devices

Both the APl and IEC standards recommend placing electrical equipment in lower classified areas (least
hazardous such as Division 2, Zone 2 or unclassified (non-hazardous) areas.

Section 4.2 of API RP 14F and API RP 14FZ requires high temperature devices (operating temperature
exceeds 80% of the auto ignition temperature of the flammable gas involved) that have not been
certified by a nationally recognized testing laboratory (NRTL) for a specific temperature rating to be
installed inside explosion-proof, flameproof or purged enclosures. Part 7 of IEC 61892 requires all
equipment installed in hazardous locations to be certified according to IEC 60079, and the certified
equipment will be marked showing the temperature code assigned to the equipment. If non-certified
equipment or electrical components has to be located in hazardous area, other protection techniques
such as installing the equipment in a flameproof enclosure or purged/pressurized enclosure should be
applied.

Based on this analysis, the IEC 61892 requirements meet the recommended practices in APl RP 14F and
API RP 14FZ for this topic.

3.2.2 Protection Techniques

The protection techniques used in the IEC standard are similar to those described in the API RP 14FZ.
AP| RP 14FZ lists both IEC 60079 series and “normalized” versions of the IEC 60079 (deviations based on
national differences) series for certifying equipment for hazardous. The IEC 60079 series of standards
were compared to the “normalized” versions of the 60079 standards with the results of the comparative
assessment presented in the Task 4 report.

API RP 14F allows explosion-proof equipment to be used in Division 1 and Division 2 locations. Although
the standard for testing and certifying explosion-proof is not clearly stated in APl RP 14F, it is included in
the NEC as an informational note stating that ANSI/UL 1203-2009 is the nationally recognized standard.
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There is no IEC standard for explosion-proof equipment. The only IEC standard that is comparable is the
IEC 60079-1 for flameproof equipment. Equipment certified to this IEC standard is approved for Zone 1
and Zone 2 locations. The testing requirements for the explosion-proof equipment are higher than the
testing requirements for the flame-proof equipment.

Based on this analysis, the IEC 61892 requirements meet the recommended practices in API RP 14FZ but
not APl RP 14F for this subject. It should be noted that according to section 4.4 of APl RP 14F,
equipment approved for Zone 0, 1 or 2 locations is permitted only in Division 2 locations. It implies that
equipment certified for zones cannot be placed in Division 1 locations.

3.2.3 Marking of Electrical Equipment

Both the IEC and API standards require electrical equipment suitable for hazardous locations to be
properly marked. According to section 4.6 of APl RP 14F, marking of Division equipment is required to
show the class and division, gas group and operating temperature or temperature range. API RP 14FZ
requires marking for zone equipment to show class and zone, the symbol AEx, the protection technique,
gas group and temperature code. It should be noted that equipment marked with the AEx symbol is
tested to American National (ANSI) Standards. API RP 14FZ uses the same gas groups as IEC 60079-0
Explosive atmospheres — General requirements.

Part 7 of the IEC 61892 requires electrical equipment installed in hazardous areas to be third party
certified by a recognized certifying body, according to IEC 60079 series or IEC/ISO 80079 series
standards. Information on recognized certifying body accreditation is contained in the ISO/IEC 17000
series on Conformity Assessment (e.g. 17025, 17065) which is covered in the Task 6 report.

IEC certified equipment will have marking showing Ex symbol, protection technique, gas group and
temperature code. The area classification and zone is not required by IEC for marking of equipment.
Further comparison of U.S. and international marking of electrical equipment for hazardous locations is
contained in the Task 4 report. Examples of required marking of electrical equipment is provided below:

e APIRP 14F (NEC 500.3 C) - Class I, Divisions 1 or 2, Groups A, B, C & D, T4 (T-Code)
e APIRP 14FZ (NEC505.9 C) - Class I, Zone 1, AEx de IIC T6
e |EC61892 (IEC60079)-Exde lICT6

Based on this analysis, the IEC 61892 requirements do not meet the recommended practices in API RP
14F and API RP 14FZ for Marking of Electrical Equipment.

3.3 Electrical Power Generating Stations

Section 5 of the API RP 14F and API RP 14FZ provides general guidance for sizing the prime mover and
generator and typical protections for the prime mover as well as the generator. Basic design
requirements and construction standards for electrical switchboards are also covered. For floating
facilities, additional requirements are contained in U.S. Coast Guard regulations in Title 46 Code of
Federal Regulations, Subpart 58.10. Classification Societies, such as the American Bureau of Shipping
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(ABS), DNV-GL, and Lloyd's Register also provide class requirements for the prime movers. The USCG
regulations and class rules for floating facilities require an independent emergency generator and
switchboard.

IEC 61892 also has requirements for the design of electrical power system as well as electrical
equipment in Part 2 and Part 3 of the series, respectively. However, it does not provide guidance for
protection of the prime mover. IEC 61892 requires at least two (2) generators for the main power
system and also an independent emergency power generator and switchboard. IEC 61892 also requires
the busbar of the main switchboard to be subdivided so that some services may be restored even if a
section of the bus is damaged due to a fault. Requirements for generators and motors are contained /EC
60034-1 Rotating electrical machines - Part 1: Rating and performance. The standards for low voltage
and high voltage switchgears are contained in IEC 61439-1 Low-voltage switchgear and controlgear
assemblies - Part 1: General rules and IEC 62271-1 High-voltage switchgear and controlgear - Part 1:
Common specifications for alternating current switchgear and controlgear, respectively.

Table 5 provides the results of the comparative assessment regarding power generation system.
Subsequent discussions below provide an analysis of where the IEC 61892 Series either exceeds or does
not meet APl RP14 and API RP 14FZ.

Table 5: Electric Power Generation System — Comparative Assessment Results

Section Title / Subject Baseline Standard International Standard IEC Assessment
Issue API RP 14F and API RP 61892 Series Results
14Fz
Prime Mover, Sections 5.2,5.3,5.4 Part 2, Clause 10.4.2, Type 3 - Does
Generators and Part 3, Clause 5 Not Meet

Generator Packaging
Consideration

Switchboards Section 5.5 Part 3: Clause 7 (7.4 and Type 1 - Exceeds
7.5)
Emergency Power Section 5.6 Part 2: Clause 4.3 Type 2 - Meets

3.3.1 Prime Movers and Generators

The APl standard requires generators to be designed to perform in accordance with National Electrical
Manufacturers Association — Motors and Generators (NEMA MG1), while the IEC standard requires
generators to comply with IEC 60034-1. The National Electrical Manufacturers Association Motors and
Generators (NEMA MG1) and the IEC 60034 have the similar performance requirements.

Section 5.2 of API RP 14F and API RP 14FZ provides general guidance for sizing, locations of air intakes
and exhaust, typical control functions and automatic shutdown conditions for the prime mover. Section
5.3 provides typical requirements for the control and protection of the prime movers and the
generators. Section 5.4 provides some packing and installation considerations such as noise and
vibration from the generating units.



%?ABS Group

Comparative Assessment: International Electrotechnical Commission vs American Petroleum Institute

Part 2 of the IEC 61892 also has similar protection requirements for the generators, speed governing
and other requirements for the prime movers. However, the IEC standard does not have protection
requirements for the prime movers.

Based on this analysis, IEC 61892 does not meet the recommended practices contained in APl RP14F and
API 14 FZ for protection requirements for prime movers.

3.3.2 Switchboards

The APl requires low voltage switchboards to be dead front type meeting UL Standard for Safety
Switchboards, UL 891; ANSI/IEEE C37.20.1 Standard for Metal-Enclosed Low-Voltage Power Circuit
Breaker Switchgear and ANSI/IEEE C37.20.2 Standard for Metal-Clad Switchgear. Some
recommendations regarding the use of copper bus, stranded copper type SIS wiring for instrumentation,
etc. were also included.

The IEC standard requires switchgear and control-gear to comply with IEC 61439-1 Low-voltage
switchgear and controlgear assemblies - Part 1: General rules and IEC 62271 High-voltage switchgear
and controlgear - Part 1: Common specifications for alternating current switchgear and controlgear.

The IEC standard also requires the main bus of the switchgear connecting multiple generators to be
subdivided so that some services may be restored even a section of the bus is damaged. API RP14F and
API RP 14 FZ do not have the requirements for dividing the main bus as described in IEC standards.

Based on the above analysis, the IEC 61892 requirements for switchboards exceed the recommended
practices contained in API RP14F and API RP 14 FZ.

3.3.3 Emergency Power System

For floating installations, APl RP14F and API RP 14 FZ requires an emergency power system consisting of
an emergency generator that is sized to supply 100% of the connected loads that are essential for
safety, and can supply power continuously for 18 hours. The emergency power system should have a
dedicated switchboard normally receiving power from the main power system. The emergency power
system should be self-contained.

Part 2 Clause 4.3 of IEC 61892 has similar requirements for an emergency power system, however, it
also offers an alternative arrangement without a specific emergency power source provided the main
source of power is located in two or more spaces which have their own completely independent
systems, including power distribution and control systems, such that a fire or other casualty in any one
space will not affect the power distribution from the other spaces. A list of loads essential for safety
that should be energized by the emergency power system are included in the both the APl and IEC
standards.

Based on the comparative assessment, the IEC 61892 requirements for Emergency Power System meets
the recommended practices contained in API RP14F and API RP 14 FZ.
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3.4 Electrical Distribution Systems

The design and installation of electrical distribution systems focuses on proper selection and protection
of electrical cables and wiring for safe distribution of electric power. In general, the wiring methods and
circuit protection described in the IEC 61892 are comparable to those indicated in API RP14F and API RP
14 FZ.

Section 6 of the API RP 14F and API RP 14FZ provides guidance for selection of voltage level, electrical
conductor selection criteria including ampacity, shielding (for medium voltage power cables) and voltage
drop considerations. This section also discussed wiring method for classified locations. Many figures
are provided to show acceptable arrangements for cables and conduit run across classified area
boundaries. Discussion of general wiring considerations, circuit protection and grounding are included
in Section 6. Section 6 also includes recommended requirements for working space around electrical
equipment.

Part 2 of the IEC 61892 standard provides similar requirements for selection of cables, voltage drop
consideration and circuit protection. Part 4 provides requirements for the selection of electrical cables
up to 30kV and requirements for minimum size of the grounding conductor. Ampacity tables for cables
of various voltage rating is also provided. Part 6 provides requirements for installations including
working space for low voltage electrical equipment, which is generally comparable to the API
recommended practices. For working space about electrical equipment, both API RP 14F and API RP
14FZ refer to NEC Article 110 Requirements for Electrical Installations for minimum clear working space.
The required depth of working space varies depending on the voltage class of the equipment. The NEC
requires greater working space depth for higher voltage class equipment. The IEC standard does not
have similar requirements.

Table 6 provides the results of the comparative assessment regarding Electrical Distribution Systems.
Subsequent discussions below provide an analysis of where the IEC 61892 Series either meets or does
not meet the APl RP14F and API RP 14FZ.

Table 6: Electrical Distribution Comparative — Comparative Assessment Results

Section Title / Baseline Standard International Standard Assessment
Subject Issue API RP 14F and API RP 14FZ IEC 61892 Series Results
Voltage Level Selection | Section 6.1 & 6.2 Part 2 & Part 4 Type 2 - Meets
Conductor Selection Section 6.3 Part 4 Clause 4.1, 4.3, | Type 3 - Does
4.6 Not Meet
Wiring Considerations Sections 6.4, 6.5, 6.7, 6.8 Part 4 & Part 7, Clauses | Type 2 - Meets
9.4,9.5,9.7
Circuit Protection, Sections 6.9, 6.10, 6.11 Part 2, Clause 10, Type 2 - Meets
Grounding and Clause 5 and Table 9
Enclosures

10
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Section Title / Baseline Standard International Standard Assessment
Subject Issue API RP 14F and API RP 14FZ IEC 61892 Series Results
Working Space Section 6.12 Part 6, clause 9 Type 3 - Does
Not Meet
Requirements for Section 6.13 Part 5, clause 5 Type 2 - Meets
Floating Facilities

3.4.1 Voltage Level Selection

Section 6.1 of the APl RP14F and APl 14 FZ indicates the design of the power distribution relies primarily
on provisions of the NEC. Section 6.2 presents some of the factors affecting voltage level selection for
power distribution. Included in this section are standards for low and medium voltage levels normally
used for offshore electrical distribution.

IEC 61892 requires voltage and frequency to be chosen according to IEC 60038, IEC standard voltages.
Typical voltage levels used for offshore are listed in IEC 61892-2, Table 4 and Table 5 which are in
accordance with IEC 60038.

Based on the comparative assessment, the IEC 61892 meets the recommended practices contained in
API RP14F and API RP 14 FZ for Voltage Level Selection.

3.4.2 Conductor Selection

API RP14F and API RP 14 FZ allow several methods of determining cable ampacity. The ampacity of a
cable can be based on the NEC, calculation, or using ampacity tables within the API standard for marine
shipboard cables. For medium voltage system, the NEC requires shielding on insulated conductors
operated above 2000 volts to ground. Proper grounding of cable shields is required.

Part 4 Clause 4.1 of IEC 61892 recommends cables used for offshore installations to be constructed in
accordance with:

e |EC 60092-350, Electrical installations in ships - Part 350: General construction and test methods
of power, control and instrumentation cables for shipboard and offshore applications

e |EC 60092-353, Electrical installations in ships - Part 353: Power cables for rated voltages 1 kV
and 3 kV

e |EC 60092-354, Electrical installations in ships — Part 354: Single and three-core power cables
with extruded solid insulation for rated voltages 6 kV (Um=7,2 kV); up to 30 kV (Um=36 kV)

e |EC 60092-376, Electrical installations in ships — Part 376: Cables for control and instrumentation
circuits 150/250 V (300 V)

Part 4 Clause 4.3 covers factors regarding selection of conductor cross-section area (mm2) and current
carrying capacity of insulated conductors. Included in this clause are several ampacity tables for
conductors of different temperature rating (70, 90 and 95 degrees °C) and table for temperature
correcting factors. |IEC standard also allows determining ampacity based on a calculation method.

11
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Part 4, Clause 4.6 provides the minimum size allowable for a parallel connection of cables is 10mm?2
(approx. #7 AWG). It should be noted that the minimum size of conductor allowed for paralleling is 1/0
according to NEC article 310.10. Size 1/0 AWG is much larger than the 10mm2 (about 7 AWG).

Based on the differences of minimum conductor size allowed for paralleling, the requirements in IEC
61892 for conductor selection do not meet the recommended practices contained in API RP14F and API
14 FZ.

3.4.3 Wiring Considerations

Section 6.4 thru. 6.8 of API RP14F and API 14 FZ cover wiring methods to be used for classified and
unclassified locations, locations on drilling and workover rigs, miscellaneous wiring considerations, and
conduit and cable seal requirements. The APl standard recommends the wiring methods employed for
unclassified outdoor locations be similar to those recommended for Zone 2 locations.

Part 4 Clause 4.1 of IEC 61892 recommends cables used for offshore installations to be constructed in
accordance with IEC 60092-350, |IEC 60092-353, IEC 60092-354 and IEC 60092-376. Part 7 of IEC 61892
standard provides installation guidance for hazardous locations.

Based on the comparative assessment, the IEC 61892 meets the recommended practices contained in
API RP14F and API RP 14 FZ for wiring considerations.

3.4.4 C(Circuit Protection, Grounding and Enclosures

Section 6.9 thru. 6.11 of API RP14F and API 14 FZ covers basic requirements for circuit protection,
system and equipment grounding, and selection of enclosure for equipment protection.

Similar requirements are found in Part 2, Clause 10, Clause 5 and Table 9 of the IEC 61892.

Based on the comparative assessment, the IEC 61892 requirements for circuit protection, system and
equipment grounding, and selection of enclosure for equipment protection meets the recommended
practices contained in API RP14F and API RP 14 FZ.

3.4.5 Working Space

Section 6.12 of API RP14F and API 14 FZ refers to the NEC for minimum spacing in regards to working
space around voltage electrical equipment for different voltage levels. Part 6 Clause 9 of the IEC 61892
requires a minimum 1 meter (3.28 feet) in front of switchgear and additional 0.4 meter for switchgear
with withdrawable breakers. The minimum space of 0.6 meter is required behind the switchgear if
access to the rear is necessary. The NEC Article 110.34 has greater working space requirements for
higher voltage equipment (600 volts), the IEC standard does not have increased working space
requirements for higher voltage system equipment.

Based on the above assessments, the IEC does not meet the recommended practices contained in API
RP 14F and API RP 14FZ for working space.

12
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3.5 Electrical Equipment

Sections 7, 8, 9 and 10 of the API RP 14F and API RP 14FZ provides guidance for selection, control and
protection for electric motors, transformers, normal and emergency lightings, and provides general
guidance regarding the use of direct current (DC) power systems. Specific standards are included for
electric motors and transformer. Different types of lighting fixtures are also discussed. Explanations for
the need of standby lighting and recommended duration are provided along with the minimum
illumination levels required for normal tasks and minimum illumination level required for safe passage.
DC Power systems including batteries, battery chargers and Uninterruptible Power Supplies are
presented with simple calculations for sizing battery chargers. Minimum instrumentation requirements
are listed, along with recommended alarms for different types of abnormal conditions in the systems.

Part 3 of the IEC 61892 provides construction standards for many types of electrical equipment. Part 2,
Clause 11 of the IEC standard explains the differences between general lighting, emergency lighting and
escape lighting. Minimum illumination levels required for different types of areas are also provided.
Part 6, Clause 11 provides requirements for proper installation of batteries and Part 7, Clause 25
provides ventilation requirements for battery compartment/room.

Table 7 provides results of the comparative assessment for Electrical Equipment. Based on the above
assessments, it can be concluded that the IEC 61892 meets the APl RP 14F and API RP 14FZ
requirements for electrical equipment.

Table 7: Electrical Equipment— Comparative Assessment Results

Section Title / Baseline Standard International Standard Assessment
Subject Issue API RP 14F and API RP 14FZ IEC 61892 Series Results
Electric Motors Section 7 Part 3, Clause 5 Type 2 - Meets
Transformers Section 8 Part 3, Clause 6 Type 2 - Meets
Lighting Section 9 Part 3: Clause 10 Type 2 - Meets

Part 2: Clause 11
Battery-Powered Section 10 Part 3, Clause 8, 9 Type 2 - Meets
DC Supply Part 6, Clause 11

Systems Part 7, Clause 25

3.6 Special Systems

Section 11 of the API RP 14F and API RP 14FZ introduces safety systems typically required for offshore
production facilities. Subsection 11.1 recommends the concept of fail-safe design to be used for safety
systems. Design considerations such as power supplies, radio frequency interference, vibration, etc. are
also discussed. The remaining subsections provide general guidance or reference materials for various
systems.

13
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Part 2 of IEC 61892 includes requirements for various systems. Safety critical systems are required to
have a high degree of availability. IEC 61508, Functional safety of electrical/electronic/programmable
electronic safety-related systems is referenced for the design of safety critical systems. For process
safety, IEC 61511, Functional safety - Safety instrumented systems for the process industry sector is
referred. Requirements for systems and equipment such as navigation-aids, heat tracing, fire pumps,
etc. are addressed in various parts of the IEC 61892.

Table 8 provides the results of the comparative assessment for Special Systems. Subsequent discussions
below provide an analysis differences where APl RP14 and API RP 14FZ either exceeds or does not meet
the IEC 61892 Series. Most of the special systems and equipment covered by the API are also covered by
the IEC 61892 except those listed as “Not addressed” in Table 8.

Table 8: Special Systems— Comparative Assessment Results
Section Title / Baseline Standard
API RP 14F and API RP 14FZ

Assessment

International Standard
Results

IEC 61892 Series

Subject Issue

Platform Safety Control Section 11.1 Part 2, Clause 12.12.1 Type 2 - Meets

System

Gas Detection System Section 11.2 Part 2, Clause 12.12.2 Type 2 - Meets
Part 7, Clause 5.5

Fire Detection System Section 11.3 Part 2, Clause 12.12.2 Type 2 - Meets

Aid-to-Navigation Section 11.4 Part 2, Clause 11.6 Type 3 - Does

Equipment Part 6, Clause 12.3 Not Meet

Communication Section 11.5 Part 3, Clause 13 Type 2 - Meets

Equipment Part 2, Clause 12.15

Heat Trace Systems Section 11.6 Part 7. Clause 12.5 Type 2 - Meets
Part 6, Clause 14

Fire Pumps Section 11.7 Part 2, clause 10.4.6.2 Type 2 - Meets
Part 7, Clause 9.1

Adjustable Frequency Section 11.8 Part 3, Clause 8 Type 2 - Meets

Controllers

Submarine Cables Section 11.9 Part 4 Type 2 - Meets

Electric Oil-lmmersion Section 11.10 Not addressed Type 3 - Does

Heaters Not Meet

Electric Power-Operated Section 11.11 Not addressed Type 3 - Does

Winches for Survival Not Meet

Craft

Electric Power-Operated Section 11.12 Not addressed Type 3 - Does

Watertight Doors Not Meet

14
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Section Title / Baseline Standard International Standard Assessment

Subject Issue API RP 14F and API RP 14FZ IEC 61892 Series Results
Hull Mechanical Systems Section 11.13 Not addressed Type 3 - Does
Controls Not Meet
Cargo Tanks for Floating Section 11.14 Part 7, Clause 4.8 Type 2 - Meets
Facilities
Cargo Handling Rooms Section 11.15 Part 7, Clause 4.8 Type 1 - Exceeds
General Alarm System Section 11.16 Part 2, Clause 12.15 Type 3 - Does

Part 3, Clause 13.4 Not Meet

Cathodic Protection Section 11.17 Not addressed Type 3 - Does
System Not Meet

3.6.1 Aids to Navigation

Section 11.4 of API RP14F and API 14 FZ refers to 33 CFR Subchapter C, Part 67 for Aids to Navigation.
This section also provides guidance for equipment installation and wiring methods. The API standard
also points out that there are variations in requirements for different USCG districts. IEC 61892 refers to
International Association of Marine Aids to Navigation and Lighthouse Authorities Marking of Man-
Made Offshore Structures 0-139 for marking of structures.

Requirements for the duration of battery operation in the IEC differ from API RP14F, APl 14 FZ and USCG
regulations. IEC 61892 requires that batteries for aids to navigation to be designed for 4 days operation.
The USCG requires battery operation for 8 days.

Based on the differences in the battery operation requirement, the IEC 61892 requirements for aids to
navigation batteries do not meet the recommended practices contained in APl RP14F and APl 14 FZ.

3.6.2 Electric Oil-Immersion Heaters

Section 11.10 of API RP14F and API 14 FZ provides design and installation requirements for oil-
immersion heaters for hydrocarbon process. To operate safety, these heaters must be continuously
immersed in the process fluid and temperature must be regulated. These are safety requirements
intended to prevent fire or explosion. It should be noted that oil-immersion heaters are engineered
items normally provided with the process equipment.

IEC 61892 does not mention oil-immersion heaters and only includes standards for equipment
protection. Based on the above analysis, the IEC 61892 requirements for electric oil-immersion heaters
do not meet the recommended practices contained in APl RP14F and API 14 FZ.

15
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3.6.3 Electric Power-Operated Winches for Survival Craft

Section 11.11 of API RP14F and API 14 FZ does not have specific requirements but refers to U.S. Coast
Guard regulations in Title 46 CFR Subchapter J, Subpart 111.95 for requirements regarding power
operated winches for survival craft. IEC 61892 does not mention Electric Power-Operated Winches for
survival craft. IEC 61892 is intended to be an international standard, it does not refer to any national
standards for requirements. Proper degree of protection (IP rating) is a general requirement for IEC
standard. Therefore, IEC 61892 requirements for electric power operated winches for survival craft do
not meet the recommended practices contained in APl RP14F and API 14 FZ.

3.6.4 Electric Power-Operated Watertight Doors

Section 11.12 of API RP14F and API 14 FZ does not have specific requirements but refers to U.S. Coast
Guard regulations in Title 46 CFR Subchapter J, subpart 111.97 for requirements regarding power
operated watertight doors for floating structures. 1EC 61892 does not mention Electric Power-Operated
Watertight Doors. However, the detailed requirements for Electric Power-Operated Watertight Doors
can be found in SOLAS and Class Society Rules. Further, IEC 61892 is intended to be an international
standard, it will not refer to any national standards for requirements. Therefore, the IEC 61892
requirements for electric power operated watertight doors do not meet the recommended practices
contained in API RP14F and APl 14 FZ

3.6.5 Hull Mechanical Systems Controls

Section 11.13 of API RP14F and API 14 FZ provides requirements for mechanical equipment in hull
spaces, such as, ventilation systems, pumps, and monitoring systems. |IEC 61892 does not mention
mechanical systems controls in the hull of floating facilities.

Therefore, the IEC 61892 requirements for hull mechanical system controls do not meet the
recommended practices contained in API RP14F and API 14 FZ

3.6.6 Cargo Handling Rooms

Section 11.15 of API RP 14F and API RP 14FZ recommends a minimum 6 air changes per hour for cargo
handling rooms. Part 7 Clause 4.8 of IEC 61892 references to the IEC standard 60092-502 Electrical
installations in ships — Part 502: Tankers — Special features for the area classification of cargo tank spaces
and cargo handling space. IEC 60092-502 requires minimum of 20 air changes per hour ventilation
requirement. Therefore, the IEC requirements for cargo handling rooms exceeds the recommended
practices contained in API RP14F and API 14 FZ.

It is important to note API RP 14FZ, Second Edition, May 2013, which is not incorporated into BSEE
regulations is aligned with IEC standards regarding the minimum number of air changes. As such, BSEE
may want consider incorporating the second edition of API RP 14FZ into regulation.
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3.6.7 General Alarm System

Section 11.16 of API RP14F and API 14 FZ includes a requirement for a multi-tone general alarm
(including abandon platform signal) system supplemented by verbal instructions over the public address
system. General installation requirements for identifying the alarm pushbutton stations and sounding
devices with signage are also provided. For floating platforms, additional requirements are provided for
power supply, redundancy, and locations of the push-button stations. Public address and general alarm
systems requirements are contained in Part 2, Section 12.15 of IEC 61892. Minimum sound level and
the minimum numbers of message broadcasting stations are specified, along with requirements for
redundancy of speaker loops and main / emergency power supplies. The IEC standard does not specify
the general alarm system to have multiple tones for different types of alarm. It also does not address
signage that is required with the alarm speaker.

Based on the above analysis, the IEC requirements for general alarm systems do not meet the
recommended practices contained in API RP14F and API 14 FZ.

3.6.8 Cathodic Protection System

Section 11.17 of API RP14F and API 14 FZ include a detailed discussion of impressed current type of
corrosion protection. This topic is not mentioned in IEC 61892. Therefore, IEC 61892 does not meet the
recommended practices contained in API RP14F and API 14 FZ for cathodic protection systems.

3.7 Special Considerations

Section 12 of the API RP 14F and API RP 14FZ recommends additional considerations to be taken in the
selection of materials for electrical installations including:

e Construction practices

e Electronic instrumentation

e Electric tools

e Electrical appliances

e Extension cords

e Electrical equipment buildings
e Signs

e Lockout tagout procedures

e Portable electronic devices

IEC 61892 does not include a dedicated section for the listed considerations although the considerations
are addressed throughout Parts 1, 3, 6 and 7 of IEC 61892. Table 9 provides results of the comparative
assessment for Special Considerations. Based on the analysis, IEC 61892 meets the considerations of API
RP 14F and API RP 14FZ.
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Table 9: Special Considerations — Comparative Assessment Results
Section Title / Baseline Standard International Standard Assessment

Subject Issue API RP 14F and API RP 14FZ IEC 61892 Series Results
Special Considerations Section 12 Parts1,3,6,7 Type 2 - Meets

3.8 System Checkout

Section 13 of the APl RP 14F and API RP 14FZ provide the minimum requirements for checking out
electrical, control and instrumentation systems and equipment before putting them in operation.
Annex-A also provides recommended inspection intervals for different electrical equipment.

Part 6 of the IEC 61892 provides inspection and testing requirements for electrical systems and
equipment after installation is completed. Part 7 of the IEC 61892 also provide guidance for inspection,
maintenance, repair and overhaul. Isolation of electrical connections to equipment in hazardous area is
required before opening any enclosure. Inspection and maintenance shall be carried out only by
experienced personnel with proper training.

Table 10 provides the results of the comparative assessment for Special Considerations. Based on the
comparative assessment, IEC61892 meets the requirements in the APl RP 14F and API RP 14FZ for
system checkout procedures.

Table 10: System Checkout — Comparative Assessment Results
Section Title / Baseline Standard International Standard Assessment

Subject Issue API RP 14F and API RP 14FZ IEC 61892 Series Results
System Checkout Section 13 Part 6, Clause 18 Type 2 - Meets
Part 7, Clause 26, 27

4. APIRP 500 and API RP 505 vs. IEC 60079

The comparative assessment between the API RP 500 and API RP 505 and the IEC Standard 60079-10-1
contains detailed analysis of topics such as Classification Criteria, Extent of a Classified Location and
Recommendations for determining degree and extent of classified locations on offshore platforms and
other types of vessels.

API RP 500 and API RP 505 provide the standards for hazardous area classification for installation of
electrical equipment on offshore platforms. IEC standard 60079-10-1 is not specifically written for
petroleum facilities; however, it pertains to the classification of areas where there are risks of ignition
due to presence of flammable gas, liquid or vapor.

The scope of the comparative assessment between the API RP 500 and APl RP 505 with the IEC Standard
60079-10-1 included the following topics:

e General provisions
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e Basic conditions for fire/explosion and flammable/combustible liquids, gases and vapors

e C(lassification criteria

e Extent of a classified location

e Recommendations for determining degree and extent of classified locations — common
applications

e Recommendations for determining degree and extent of classified locations - other locations

e Appendices in API RP 500, APl RP 505 and Annexes in IEC 60079-10-1

4.1 General Provisions

Table 11 provides the results of the comparative assessment general provisions. The IEC meets the
recommended practices contained in APl RP500 and API RP 505.

Table 11: General Provisions - Comparative Assessment Results

Section Title / Baseline Standard International Standard Assessment

Subject Issue API RP 500 and API RP 505 IEC 60079 Results
Scope 1 Part 10-1 Clause 1 Type 2 - Meets
References (Codes, 2 Part 10-1 Clause 2 Type 2 - Meets

Rules, Guides &
standards from
Industries,
Government and Class
Society)

Acronyms and 3 Part 10-1 Clause 3 Type 2 - Meets
Abbreviated Definitions

4.2 Basic Conditions for fire/explosion and Flammable /Combustible Liquids,
Gases and Vapors

Table 12 provides a summary of the comparative assessment for Sections 4 and 5 of the API RP 500 and
API RP 505 for basic conditions for fire or explosion and flammable/combustible liquids, gases and
vapors. Subsequent discussions below provide an analysis of where the APl RP 500 and API RP 505 does
not meet the IEC 60079 Series.

Table 12: Basic Conditions for fire/explosion and Flammable/Combustible Liquids, Gases and Vapors —
Comparative Assessment Results

Section Title / Baseline Standard International Standard Assessment

Subject Issue API RP 500 and API RP 505 IEC 60079-10-1 Results
Basic Conditions for a Section 4 Part 10-1 Clause 4.1 Type 3 - Does
Fire or Explosion Not Meet
Flammable and Section 5 No provisions Type 3 - Does
Combustible liquids, Not Meet
gases and vapors
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Section Title / Baseline Standard International Standard Assessment

Subject Issue API RP 500 and API RP 505 IEC 60079-10-1 Results
Flammable and Section 5.5 Part 0 Clause 4.2 Type 2 - Meets
Combustible Liquids, (Equipment Grouping)

Gases, and Vapors

4.2.1 Basic Conditions for a Fire or Explosion

Section 4 of APl RP 500 and API RP 505 provides information about basic condition for a fire or
explosion. Three basic elements required for a fire or explosion to occur are flammable gas or vapor,
oxygen (in air) and an ignition source. In APl RP 500 and API RP 505, the source of ignition is understood
to be an electrical and instrumentation equipment operating at energy levels sufficient to ignite the
gas/air mixture in atmosphere.

IEC 60079-10-1 does not contain any comparable information on basic condition for a fire or explosion.

However, sub-clause 4.1 talks about safety principles indicating the options for preventing an explosion

is to eliminate the likelihood of an explosive gas atmosphere occurring around the source of the ignition
or to eliminate the source of ignition.

As such, the IEC standard 60079-10-1 does not meet the API RP500 and API RP 505 on this subject.

4.2.2 Flammable and Combustible Liquids, Gases and Vapors

Section 5 of API RP 500 and API RP 505 provides information about different types of flammable and
combustible liquids, gas and vapors. It provides information on Class |, Class Il and Class lll liquids. It
should be noted that crude oil is categorized as Class | liquid. IEC 60079-0 divides the explosive
atmosphere into three groups such as Group |, Il and Ill. Group Il is associated with electrical installation
on facilities with flammable liquids, gases and vapors. Group Il is further divided into Group IIA, IIB and
lC.

The explanation and information on flammable/combustible liquids, gases and vapor are not covered by
IEC 60079-10-1. Therefore, IEC 60079-10-1 does not meet the recommended practices contained in API
RP 500 and API RP 505.

4.3 Classification Criteria

Section 6 of API RP 500 and API RP 505 provides the criteria for area classification. The base definitions
for the Class |, Division 1 and Class |, Division 2 are derived from Article 500 of NEC. Similarly, Class |
Zone 0, Zone 1 and Zone 2 definitions are derived from Article 505 NEC. The API standards expands on
these definitions by providing relevant examples related to offshore platforms. Classification criteria
described in API RP 500 and API RP 505 are the same.
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Table 13 provides a summary of the analysis of the classification criteria. Subsequent discussions below
provide additional information on the comparison between the APl RP 500 and API RP 505 the IEC
60079 Series.

Table 13: Classification Criteria— Comparative Assessment Results

Section Title / Baseline Standard International Standard Assessment
Subject Issue API RP 500 and API RP 505 IEC 60079-10-1 Results
Classification Criteria 6 Part 10-1 Clause 3, Type 2 - Meets
Clause 5;

Part 0, Clause 4

Section 6 of API RP 500 and API RP 505 contain information about the importance of the ventilation and
its role in determining the classification and the extent of the hazardous area. The APl documents define
adequate ventilation as keeping the gas concentration below 25% LEL. Recommended methods of
calculating adequate ventilation is provided for enclosed areas, such as buildings of approximately 30
cubic meters or less. For naturally ventilated enclosed areas, 12 air changes per hour is recommended
with the safety factor of two.

API RP 500 and API RP 505 allow the installation of the gas detection equipment for an inadequately
ventilated area and can be a basis for hazardous area reduction (i.e. an inadequately ventilated area
with gas detection equipment can be designated as Division 2 or Zone 2 instead of Division 1 or Zone 1).
Gas detector equipment should be of a type approved or listed by a NRTL.

According to API RP 505, zone designation depends mainly on the grade of release and the ventilation. A
continuous grade of release is identified as a Class |, Zone 0 designation, a primary grade as a Class |,
Zone 1 designation and a secondary grade to a Class |, Zone 2 designation.

IEC standard 60079-10-1, Clause 3 covers the definitions for Zone 0, Zone 1 and Zone 2 which are similar
to definitions provided in APl RP 505 for Class I, Zone 0, Class I, Zone 1 and Class |, Zone 2. Clause 5 of
IEC standard describes that suitable ventilation rates can reduce the persistence time of an explosive gas
atmosphere which influences the type of zone. Detailed information on natural and artificial ventilation
is provided in this clause.

According to clause 7 of IEC Standard, a Zone is identified based on the grade of release and the
ventilation. The likelihood of the presence of explosive gas atmosphere depends mainly on the two
factors (grade of release and ventilation). The grade of release generally determines the type of zone. In
adequately ventilated area (typical open air plant) a continuous grade of release generally leads to a
Zone 0 classification, a primary grade to Zone 1 and a secondary grade to Zone 2. Degree of dilution and
availability of ventilation can impact the type of zone which may result in a more or less severe
classification.

API RP 500 and API RP 505 includes a provision for use of combustible gas detection equipment for
certain scenarios. For example, an inadequately ventilated area containing equipment that could
release flammable gas or vapor can be classified as a Division 2 or Zone 2 area.
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IEC 60079- 29-2 provides guidance on the selection, installation, safe use and maintenance of detectors
for flammable gases and oxygen. The purpose of gas detection system can be to initiate the actions
such as safe evacuation of premises, appropriate fire-fighting and other emergency procedures, removal
of hazards, shutdown of process and increasing ventilation. It is important to note from safety
perspective, this can be viewed that IEC is more stringent as it does not allow the use of combustible gas
detection equipment for purpose of reducing the Zone classification.

The API standards define an adequate ventilation as keeping the gas concentration below 25% which is
not quantified by the IEC standard. However, the IEC standard provides detailed qualitative guidance on
the assessment of ventilation and its influence on hazardous area.

Based on the comparative assessment |IEC standard 60079-10-1 meets the provision and
recommendations provided in API RP 500 and API RP 505 for classification criteria.

4.4 Extent of a Classified Location

Section 7 of API RP 500 and APl RP 505 emphasizes that locations are classified solely for the selection,
design, and installation of electrical equipment. The extent of classified locations is determined only by
the location of sources of release of flammable liquids, gases and vapors and not by the location of
source of ignition whether electrical or non-electrical.

Table 14 provides a summary of the analysis of the extent of a classified location. Based on the
comparative assessment, IEC 60079 Series meets the Section 7 of the API RP 500 and API RP 505.

Table 14: Extent of a Classified Location — Comparative Assessment Results

Section Title / Baseline Standard International Standard IEC Assessment

Subject Issue API RP 500 and API RP 505 60079 Results
Extent of a Classified Section 7 IEC 60079-10-1 Clause 8 and | Type 2 - Meets
Location IEC 60079-0 Clause 4

Section 7 of APl recommended practices also contains information on extent of a classified location
whether it is an outdoor location or an enclosed location. Outdoor locations and locations having
ventilation equivalent to normal outdoor conditions can be classified as Division 2 or unclassified. For
enclosed locations, if adequate ventilation is provided, mechanically or naturally, many enclosed
locations can be classified as Division 2 or Zone 2 instead of Division 1 or Zone 1.

Referring to Clause 8 of IEC standard 60079-10-1, the extent of the zone depends either on the
estimated or calculated distance over which the explosive atmosphere can exist before it disperses to a
concentration in air below lower flammable limit. The availability of the ventilation can greatly impact
the presence or formation of an explosive gas atmosphere which can determine the type of zone.
Practical guidance in annex D is provided to help determine the extent of a zone by taking into account
different factors as following:

e grade of release
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o effectiveness of ventilation
e degree of dilution
e availability of ventilation

It is to be noted that the APl standards provide more of an example-based approach to determine the
extent of a classified location around different equipment on offshore platforms. Whereas the IEC
standard provides few examples showing the extent of classified locations based on calculations and a
theory-based approach.

Even though the approach shown in IEC 60079 is different than the approach shown in API, it meets the
API 500 and 505 on the topic of the extent of a location.

4.5 Recommendations for Determining Degree and Extent of Classified Locations -
Common Applications

Table 15 provides the comparative assessment results for determining the degree and extend of
classified locations. Subsequent discussions below provide an analysis of where the IEC 60079 Series
does not meet APl RP 500 and API RP 505.

Table 15: Comparative Assessment Results

Section Title / Baseline Standard International Standard IEC Assessment
Subject Issue API RP 500 and API RP 505 60079 Results
Recommendations for | 8.1, 8.2.1,8.2.2 and 8.2.3 Part 10-1 Annex E Type 2 — Meets
Determining Degree (Examples of hazardous
and Extent of area classification)

Classified Locations
around equipment
Recommendations for | 8.2.5, 8.2.6 and 8.2.7 No comparable Clause Type 3 - Does
Determining Degree found in IEC Not Meet
and Extent of
Classified Locations —
areas containing gas-
fueled or diesel-fueled
engines/turbines,
batteries and
flammable and
combustible products

4.5.1 Recommendations for Determining Degree and Extent of Classified Locations around
equipment

Section 8 (subsection 8.2.1, 8.2.2, 8.2.3) of API RP 500 and API RP 505 presents guidelines for classifying
locations around equipment (storage tanks, marine terminals and paint storage, etc.) commonly found
in many petroleum facilities. It provides examples showing the extent of classified locations around
different equipment such as storage tanks, tank cars/tank trucks, vents and relief valves. Annex E of IEC
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60079-10-1 provides examples of area classification for equipment such as pumps, breather valves in
the open air, control valves and enclosed compressors handling natural gas. IEC 60079 meets this
section of the API RP 500 and API RP 505.

4.5.2 Recommendations for Determining Degree and Extent of Classified Locations - areas
containing gas-fueled or diesel-fueled engines/turbines, batteries and flammable and
combustible products

Section 8.2.5 API RP 500 and API RP 505 provides basic guidance and examples of classified areas
containing gas-fueled or diesel-fueled engines/turbines. Section 8.2.6 provides guidelines for classifying
locations where batteries are installed. Also, Section 8.2.7 addresses area classification where
flammable and combustible products are stored.

IEC 60079 does not provide any guidance on classifying specific areas that contain gas-fueled or diesel-
fueled engines/turbines, locations containing batteries or paint products. Therefore, IEC 60079 does not
meet these sections of API RP 500 and API RP 505.

4.6 Recommendations for Determining Degree and Extent of Classified Locations -
Other locations

Table 16 provides a summary of the analysis of guidelines for classifying locations on specific
installations. Subsequent discussions below provide an analysis of where the IEC 60079 Series does not
meet the API RP 500 and API RP 505. Note, Section 13 of API RP 500 and API RP 505 is reserved for
future use by the APl and does not contain any recommended practices.

Table 16: Determine Degree and Extent of Classified Locations - Comparative Assessment Results

Section Title / Baseline Standard International Standard IEC Assessment

Subject Issue API RP 500 and API RP 505 60079 Results
Recommendations for 9 No comparable Clause Type 3 - Does
Determining Degree found in IEC Not Meet

and Extent of Classified
Locations in Petroleum

Refineries
Recommendations for 10 No comparable Clause Type 3 - Does
Determining Degree found in IEC Not Meet

and Extent of Classified
Locations at Drilling
Rigs and Production
Facilities on Land and
on Marine Fixed
Platforms
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Section Title / Baseline Standard International Standard IEC Assessment

Subject Issue API RP 500 and API RP 505 60079 Results
Recommendations for 11 No comparable Clause Type 3 - Does
Determining Degree found in IEC Not Meet

and Extent of Classified
Locations on Mobile
Offshore Drilling Units

(MODUs)
Recommendations for 12 No comparable Clause Type 3 - Does
determining degree found in IEC Not Meet

and extent of Classified
locations at drilling rigs
and production
Facilities on floating
production units

Recommendations for 14 60079-10-1 Annex E Type 3 - Does
determining degree (Examples of hazardous Not Meet
and extent of Classified area classification)

locations at petroleum
pipeline transportation
Facilities

4.6.1 Recommendations for Determining Degree and Extent of Classified Locations in
Petroleum Refineries

Section 9 of API RP 500 and API RP 505 covers the guidelines for classifying locations for electrical
installations around process and production equipment found in petroleum refineries. IEC 60079 does
not provide any specific guidelines for classifying locations on specific installation such as petroleum
refinery covered by Section 9 in APl RP 500 and API RP 505. Therefore IEC 60079 does not meet
recommendations in the API RP 500 and API RP 505 for this topic.

4.6.2 Recommendations for Determining Degree and Extent of Classified Locations at
Drilling Rigs and Production Facilities on Land and on Marine Fixed Platforms

Section 10 of API RP 500 and API RP 505 provides guidelines for classifying locations for electrical
installations around process and production equipment at Drilling Rigs and Production Facilities on Land
and on Marine Fixed Platforms. IEC 60079 does not provide any specific guidelines for classifying
locations for installation on Drilling Rigs and Production Facilities on floating production units covered by
Section 10 in API RP 500 and API RP 505. As such, IEC 60079 does not meet recommendations provided
in the APl RP 500 and API RP 505 for this topic.
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4.6.3 Recommendations for Determining Degree and Extent of Classified Locations on
Mobile Offshore Drilling Units (MODUs)

Sections 11 of API RP 500 and API RP 505 provides the guidelines for classifying locations around drilling
equipment found on MODUs. |EC standard 60079-10 doesn't provide any guidelines for classifying
locations for electrical installations around drilling equipment on MODUs. Therefore IEC 60079 not
meet recommendations in the API RP 500 and API RP 505 for this topic.

4.6.4 Recommendations for determining degree and extent of Classified locations at drilling
rigs and production Facilities on floating production units

Section 12 of API RP 500 and API RP 505 provide guidelines for classifying locations for electrical
installations at locations surrounding oil/gas drilling, workover rigs and facilities on floating production
units. There are specific figures provided for different types of units such as a floating production
storage and offloading, tension leg platform, and spar platforms. |IEC standard 60079 doesn't cover any
specific examples for classifying locations for electrical installations at locations typically found on
floating production units. As such, IEC 60079 does not meet recommendations provided in APl RP 500
and API RP 505 for this topic.

4.6.5 Recommendations for determining degree and extent of Classified locations at
petroleum pipeline transportation Facilities

Section 14 of API RP 500 and API RP 505 provide guidance for classifying locations at pipeline
transportation facilities handling flammable liquids, gases and vapor. Pipeline facilities are frequently
operated by remote control without full time local attendance. This practice was one of the factors
considered in developing the classification guidelines. Many figures are provided to aid the
development of area classification drawings for the facility.

Annex E of IEC 60079-10-1 provides some examples of classifying locations around equipment such as
pumps, breather valves in the open air, control valves and enclosed compressors handling natural gas.
These examples show detailed methods of determining the extent of hazardous area.

IEC 60079 doesn't provide the type of specific examples as provided in API RP 500 and APl RP 505. As
such, IEC 60079 does not meet the recommendations provided in APl RP 500 and API RP 505 for this
topic.

4.7 Appendices in API RP 500 and API RP 505 and Annexes in IEC 60079

Additional information on sample calculations for adequate ventilation, procedures for classifying
locations and alternate ventilation criteria are provided in the Appendix A through Appendix F of API RP
500 and API RP 505.
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IEC 60079-10-1 provides several informative annexes such as Annex A though Annex K. These annexes

provide information on ventilation, estimation of hazardous zones, schematic approach to classification

of hazardous area.

Table 17 provides a summary of the analysis of additional information and methods covered in
appendices of API RP 500 and APl RP 505 and pertaining annexes in IEC. Subsequent discussions below
provide an analysis of where the IEC 60079 Series does not meet the APl RP 500 and API RP 505.

Table 17: Appendices in APl RP 500 and API RP 505 and Annexes in the IEC 60079 - Comparative Assessment

Results

Section Title /

Subject Issue

Baseline Standard
API RP 500 and API RP 505

International Standard
IEC 60079

Assessment
Results

method for Area
classification

APPENDIX A - Sample Appendix A 60079-10-1 Annex C Type 2 - Meets
calculation to achieve (Ventilation Guidance)

adequate ventilation of

an enclosed area by

natural means using

Equations 1 and 2

APPENDIX B - calculation Appendix B 60079-10-1 Annex C Type 3 - Does
of minimum air (Ventilation Guidance) | Not Meet
introduction rate to

Achieve adequate

ventilation using fugitive

emissions

APPENDIX C (APl RP 505) Appendix C Part 10-1 Clause 3.3 Type 2 - Meets
—Preferred symbols for (hazardous areas and

denoting class I, zone 0, zones)

Zone 1, and zone 2

hazardous (classified)

areas

APPENDIX C (API RP 500) - Appendix C No comparable Clause | Type 3 - Does
Development of found in IEC Not Meet
Ventilation Criteria

APPENDIX D - informative Appendix D No comparable Clause | Type 3 - Does
annex— an alternate found in IEC Not Meet
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Section Title / Baseline Standard International Standard Assessment
Subject Issue API RP 500 and API RP 505 IEC 60079 Results
APPENDIX E - procedure Appendix E Part 10-1 Annex F Type 1 -
for classifying locations (Schematic approach to | Exceeds

classification of
hazardous area)

ANNEX F (APl RP 505) - Appendix F Part 10-1 Annex C Type 2 - Meets
(informative). Alternate (Ventilation Guidance)

ventilation criteria (IEC Annex D (Estimation of

79-10, MOD) hazardous zones)

APPENDIX F (API RP 500) - Appendix F No comparable Clause | Type 3 - Does
Preferred symbols for found in IEC Not Meet

denoting Class I, Division
1 and Division 2
Hazardous (Classified)
Locations

4.7.1 Appendix A

Appendix A in API RP 500 and API RP 505 provides equations for calculating the opening area required to
achieve the adequate ventilation by natural means. Similarly, Annex C of IEC 60079-10-1 provides
means for assessing natural ventilation in building. It contains equations that can be used to calculate
volume flow rate of air based on the effective areas of the upwind and downwind openings.

IEC 60079 has similar recommendations as in API RP 500 and API RP 505 and therefore meets the API
standards for this topic.

4.7.2 AppendixB

Appendix B in API RP 500 and API RP 505 provides a recommended calculation technique to determine
the required ventilation rate for an enclosed area by anticipating fugitive emissions from hydrocarbon
handling equipment. Annex C of IEC 60079-10-1 provides information on fugitive emissions in terms of
a definition and explanation in this annex. However, it does not provide any calculation techniques
using fugitive emissions. As such, IEC 60079 does not meet API standards for this subject.
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4.7.3 Appendix C

Appendix C of API RP 500 provides information about the evolution of the definition of 'adequate
ventilation'. IEC 60079 doesn't contain any appendix or annex with comparable on evolution of
adequate ventilation.

Appendix C of API RP 505 provides the preferred symbols for denoting Class |, Zone 0, Zone 1 and Zone
2. These symbols are derived from IEC standards. The preferred symbols are the same in APl RP 505
and IEC 60079-10-1.

Based on the analysis, IEC 60079 does not meet the Appendix C of APl 500. However, it should be noted
that Appendix C of APl RP 500 is for information purpose only. IEC 60079 meets the Appendix C of API
RP 505.

4.7.4 AppendixD

Appendix D in API RP 500 and API RP 505 presents the point source concept for determining the extent
of area classification and provides a detailed method for calculation. It also provides a means to
evaluate the extent of classified areas in non-enclosed adequately ventilated locations based on the
nature of potential flammable releases.

IEC 60079 provides information on classification by a source of release method which is the same as the
point source method. IEC 60079-10-1 refers to Annex F which summarizes the source of release method.

The API standards provide a detailed calculation example using the point source method. The calculation
based approach would be more precise than the schematic approach contained in IEC standard. Based
on this, IEC 60079 does not meet the APl RP 500 and APl RP 505 on this topic.

4.7.5 Appendix E

Appendix E in APl RP 500 and API RP 505 provides an outline of the basic procedure for classification of
locations. There is a step by step questions-based approach provided to determine the classification of
locations. Annex F of IEC 60079-10-1 provides the schematic approach classifying locations for
continuous grade release, primary grade release and secondary grade release.

The schematic approach provided in the IEC standard is a more detailed approach than the basic
procedure step by step approach provided in the API standards. Based on the analysis, IEC 60079
exceeds the API RP 500 and API RP 505 on this topic.

4.7.6 Appendix F

Appendix F of API RP 505 provides guidance to assess the degree of ventilation and to define the
ventilation condition. It also provides explanations, examples and calculation for the design of artificial
ventilation system. Annex Cin IEC 60079-10-1 provides guidance on ventilation and dispersion
conditions to determine the type of zone. It provides detailed guidance on assessment of artificial
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ventilation systems and natural ventilation arrangement for enclosed spaces. Annex D also provides a
table which can be used to estimate the type of zone based on the grade of release and effectiveness of
ventilation.

Appendix F of API RP 500 provides the preferred symbols for Class | hazardous locations. However, IEC
60079 doesn't cover the symbols for Class | Division 1 and Division 2 hazardous locations.

As indicated above, IEC 60079 meets the recommendation provided in appendix F of API RP 505,
however it doesn't meet the information provided in the appendix F of API RP 500.

5.  Summary Conclusion and Recommendations

5.1 Comparative Assessment Conclusions - IEC to API RP 14F and API RP 14FZ to
IEC 61892

Based on the comparative assessments in the above sections, various sections of the IEC 61892 meet,
exceed do not meet the API RP 14F and API RP 14 FZ.

IEC 61892 meets the requirements outlined in APl RP 14F and API RP 14 FZ in the following subject
areas:

e General Considerations and High Temperature Devices

e Protection Techniques (APl RP 14FZ2)

e Emergency Power

e Voltage Level Selection

e  Wiring Considerations

e Circuit Protection, Grounding and Enclosures

e Requirements for Floating Facilities

e Electric Motors

e Transformers

e Lighting

e Battery-Powered DC Supply Systems

e Platform Safety Control System

e Gas Detection System

o Fire Detection System

e Communication Equipment

e Heat Trace Systems

e Fire Pumps

e Adjustable Frequency Controllers

e Submarine Cables

e Cargo Tanks for Floating Facilities

e Special Considerations
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System Checkout

On the other hand, the IEC standard exceeds the APl recommend practices in the subject areas of:

Switchboards
Cargo Handling Rooms

The IEC standard does not meet the requirements outlined in the API recommend practices, in the

subject areas of:

5.2

Protection Techniques (APl RP 14F)
Marking of Electrical Equipment

Prime Movers

Conductor Selection

Working Space

Aid-to-Navigation Equipment

Electric Oil-Immersion Heaters

Electric Power-Operated Winches for Survival Craft
Electric Power-Operated Watertight Doors
Hull Mechanical Systems Controls

General Alarm System

Cathodic Protection System

Comparative Assessment Conclusions - IEC to API RP 500 and API RP 1505 to
IEC 60079

Based on the comparative assessments in the above sections, various sections of the IEC 60079-10-1
meet, exceed do not meet the APl RP 500 and API RP 505.

IEC 60079-10-1 meets the requirements outlined in API RP 500 and API RP 505in the following subject

areas:

Classification Criteria

Extent of a Classified Location

Recommendations for Determining Degree and Extent of Classified Locations around equipment
APPENDIX A — Sample calculation to achieve adequate ventilation of an enclosed area by
natural means using Equations 1 and 2

APPENDIX C (APl RP 505) — Preferred symbols for denoting class |, zone 0, Zone 1, and zone 2
hazardous (classified) areas

ANNEX F (API RP 505) — (informative). Alternate ventilation criteria (IEC 79-10, MOD)

On the other hand, the IEC standard exceeds the APl recommend practices in the subject area of:

APPENDIX E — procedure for classifying locations
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The IEC standard does not meet the requirements outlined in the API recommend practices, in the

subject areas of:

5.3

Basic Conditions for a Fire or Explosion

Flammable and Combustible liquids, gases and vapors

Recommendations for Determining Degree and Extent of Classified Locations — areas containing
gas-fueled or diesel-fueled engines/turbines, batteries and flammable and combustible products
Recommendations for Determining Degree and Extent of Classified Locations in Petroleum
Refineries

Recommendations for Determining Degree and Extent of Classified Locations at Drilling Rigs and
Production Facilities on Land and on Marine Fixed Platforms

Recommendations for Determining Degree and Extent of Classified Locations on Mobile
Offshore Drilling Units (MODUs)

Recommendations for determining degree and extent of Classified locations at drilling rigs and
production Facilities on floating production units

Recommendations for determining degree and extent of Classified locations at petroleum
pipeline transportation Facilities

APPENDIX B — calculation of minimum air introduction rate to Achieve adequate ventilation
using fugitive emissions

APPENDIX C (APl RP 500) — Development of Ventilation Criteria

APPENDIX D — informative annex—an alternate method for Area classification

APPENDIX F (API RP 500) - Preferred symbols for denoting Class I, Division 1 and Division 2
Hazardous (Classified) Locations

Recommendations

The recommendations in this Section are based on the comparative assessment between AP RP 14F,
API RP 14FZ to IEC 61892 and API RP 500 and API RP 505 to IEC 60079:10-1.

The following recommendations are offered for BSEE’s considerations;

1)

2)

3)

BSEE should develop and/or revise the Electrical Potential Incidents of Non-Compliance that
reference the APl 14FZ and API 14F to incorporate sections of the IEC 61892 and the IEC 60079
that exceed the API RP 500 and API RP 505. New and/or revised PINC will be considered during
Task 5 of this project.

BSEE may want consider incorporating the second edition of APl RP 14FZ into regulation to align
with the IEC.

For electrical standards not incorporated into regulation by reference, BSEE should consider
developing an audit protocol that would enable BSEE inspectors and engineers to determine
compliance with these standards. Development of an audit protocol will be considered during
Task 5 of this project.
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4)

5)

6)

7)

BSEE should provide training to inspectors and engineers on the IEC 61892 and the IEC 60079 so
that they are familiar with the various provisions

BSEE should provide inspectors and engineers with a copy of this report so they can become
familiar with the result of the analysis.

BSEE should obtain copies of the APl and IEC standards referenced in this report for use by
engineers and inspectors.

BSEE incorporates standards into federal regulation by reference in Title 30, Code of Federal
Regulations Part 250.198. Since these regulations represent minimum requirements, adherence
to other standards that exceed the comparable standards incorporated by reference into
regulation, including international standards, should represent at least an equivalent level of
safety. BSEE may want to consider incorporating into regulation clauses of the IEC 61892 and
the IEC 60079:10-1 that exceed the comparable clauses of the API RP14 and 14FZ, as well as API
RP 500 and API RP 505 identified in this report.
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Appendix A. Analysis of API RP 14 and API RP 14F to IEC 61892
Table 18 provides a summary of the comparative assessment between API Standard 14 and 14FZ to the IEC 61892. This appendix contains the

analysis for the following subjects:

Scope, Applicability of NEC, References (Codes, Rules, Guides & standards from Industries, Government and Class Society), and

Acronyms and Abbreviated Definitions

Electrical Equipment for Hazardous (Classified) Locations
Marking of Electrical Equipment

Electrical Power Generating Stations

Electrical Distribution Systems

Electrical Equipment

Special Systems

Special Considerations

System Checkout

Table 18: Comparative Assessment Results - API RP 14F and RP 14FZ to IEC 61892

| tT
No Section Title / Baseline Standard API IEC Standard (M;T:elz:cExcyepeeds Analvsis
’ Subject Issue RP 14 and API RP 14FZ IEC 61892 ! ’ ¥
Does Not Meet)
1 Scope 1.1 Part 1: Clause 1 Type 2 - Meets Both API and IEC provide design guidance and

considerations for electrical installations on offshore
facilities. The IEC standard focuses on proper design,
construction and installation of electrical system and
equipment.

API RP 14F & 14FZ were written specifically for offshore
production platforms (upstream segment). The
documents cover systems and equipment typically
required and found on offshore production platforms.
Not all the systems were covered in depth, but
references were made to other publications if more
detail information is needed for a particular system.
For example, API RP 14C was referenced in the fire
detection and gas detection systems.
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Classified) Locations —
General & High
Temperature Devices

No. Section Title / Baseline Standard API IEC Standard (N::;F;:cé);rgepeeds e
Subject Issue RP 14 and API RP 14FZ IEC 61892 ! ¢
Does Not Meet)
2 Applicability of NEC 1.2 Part 2 Type 2 - Meets NEC has detail requirements for specific electrical
Part 6 installations. Unless clearly stated in the API standard
as a departure from the NEC, the requirements are
expected to be followed.
IEC standard is intended to be an international standard
and therefore cannot refer to any specific national
standard
3 References (Codes, 2 All Parts, Clause 2 Type 2 - Meets Similar to the U.S. regulations (33 CFR, 46 CFR, etc.)
Rules, Guides & referenced by the API standard, normative references
standards from (SOLAS, IMO MODU Code, etc.) are required to be
Industries, followed to cover other systems not specifically
Government and Class mentioned in IEC 61892.
Society)
4 Acronyms and 3 All parts, Clause 3 Type 2 - Meets Terms and definitions provided are adequate to
Abbreviated understand the standard.
Definitions
5 Electrical Equipment 4 Part 7, Clauses 11 Type 2 - Meets The IEC standard provides more details in selection of
For Hazardous (4.1, 4.2) thru. 23 electrical equipment in hazardous locations. For

example, it include selection of equipment according to
gas group, ignition and ambient temperatures, and
external influences.
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No.

Section Title /
Subject Issue

Baseline Standard API
RP 14 and API RP 14FZ

IEC Standard
IEC 61892

Impact Type
(Meets, Exceeds,
Does Not Meet)

Analysis

Electrical Equipment
For Hazardous
Classified) Locations —
Protection Techniques

4
4.3 thru 4.5

Part 7, Clauses 11
thru. 23

Type 3 - Does Not
Meet (API RP 14F)

Type 2 — Meets
(API RP 14F2)

API RP 14F/14FZ does not reference a specific standard
for explosionproof, hermetically sealed devices or
nonincendive types of protection. Other types of
protections are referenced to ISA standards.

API RP 14F only allows purged and explosionproof
equipment in Division 1 areas. The IEC standard only
has requirements for flameproof. Although both
explosionproof and flameproof are intended to contain
explosions within the equipment enclosure, the testing
requirements for explosionproof are different from
flameproof.

Protection techniques listed in 14FZ are similar to those
listed in the IEC standard.

Marking of Electrical
Equipment

4.6 & 4.7 (14FZ only)

Part 7, Clause 7

Type 3 - Does Not
Meet

Marking of electrical equipment can be found in IEC
60079-0. It should be noted that IEC equipment
marking does not explicitly show the type of zone (0, 1
or 2) the equipment is certified for. Although all the
information is presented on the marking, to determine
whether the equipment is suitable for a particular zone,
knowledge of which protection technique can be used
on which type of zone is required.

Electric Power
Generating Station -
Prime Mover,
Generators and
Generator Packaging
Consideration

5(5.2,5.3 &5.4)

Part 2, Clause
10.4.2,
Part 3, Clause 5

Type 3 - Does Not
Meet

API provides typical requirements for control and
protection of the prime mover and the generator that
are easy to follow and understand. IEC on the other
hand, include more technical information of the gen-set
that maybe valuable to the detail design but not so
easy to verify.

NEMA MG1 and the IEC 60034 have the similar
performance requirements.
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Floating Facilities

No. Section Title / Baseline Standard API IEC Standard (N:zréjcé;rgepeeds Pl
Subject Issue RP 14 and API RP 14FZ IEC 61892 ! ¢
Does Not Meet)

9 Electric Power 5.5 Part 3: Clause 7 Type 1 - Exceeds IEC standard requires the main busbar to be subdivided
Generating Station - (7.4 and 7.5) so that some services may be restored even a section of
Switchboards the bus is damaged.

10 | Electric Power 5.6 Part 2: Clause 4.3 Type 2 - Meets Both API and IEC have the similar requirement.
Generating Station -

Floating Facilities only -
Emergency Power

11 | Electrical Distribution 6(6.1,6.2) Part 2 & Part 4 Type 2 - Meets Both API and IEC have the similar requirements.
Systems — Voltage
Level Selection

12 | Electrical Distribution 6.3 Part 2 & Part 4 Type 3 - Does Not | It should be noted that the minimum size of conductor
Systems — Conductor Meet allowed for paralleling is 1/0 by NEC article 310.10. Size
Selection 1/0 AWG is much larger than the 10mm2 (about 7

AWG).

13 | Electrical Distribution 6.4,6.5,6.5 Part 7, Clause 9.4.1 Type 2 - Meets The requirements in the IEC standard clauses 13
Systems - Wiring through 16 are based on IEC standard 60079-14.
Methods

14 | Electrical Distribution 6.7, 6.8 Part 4 & Part 7, Type 2 - Meets
Systems - Wiring Clauses 9.4, 9.5, 9.7
Considerations

15 | Electrical Distribution 6.9, 6.10,6.11 Part 2 Type 2 - Meets The IEC standard has different methods of grounding
Systems -Circuit the equipment enclosure. Familiar with the grounding
Protection scheme (Part 2, Clause 6) is necessary to verify

compliance. IEC allows use of 3-phase 4 —wire supply in
impedance grounded system.

16 | Electrical Distribution 6.12 Part 6, clause 9 Type 3 - Does Not | The IEC standard does not have different working space
Systems -Working Meet requirements for different voltage levels. Also, the
Spaces working space in the rear of equipment required by IEC

is less than that required by API (2.5 feet).

17 | Requirements for 6.13 Part 5, clause 5 Type 2 - Meets Both API and IEC have the same Inclination conditions.
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No. Section Title / Baseline Standard API IEC Standard (N::;F;:cé;rgepeeds Pl
Subject Issue RP 14 and API RP 14FZ IEC 61892 ! ¢
Does Not Meet)

18 | Electric Motors 7 Part 3: Clause 5 Type 2 - Meets API Std. 541 is standard for form-wound squirrel cage
induction motors, typically see in medium voltage
applications. IEEE Std. 841 is for TEFC motors typically
for low voltage but can include voltage up to 4000V.

19 | Transformers 8 Part 3: Clause 6 Type 2 - Meets Both ANSI and IEC standards for transformers are
recognized and used worldwide.

20 | Lighting 9 Part 3: Clause 10 Type 2 - Meets Both API and IEC have similar lighting level

Part 2: Clause 11 requirements. UL standard 1598A is mandated in 46
CFR Subchapter J for lighting fixtures in marine
environment.

21 | Battery-Powered DC 10 Part 3, Clause 8, 9 Type 2 - Meets Battery chargers, UPS, VFD are categorized as

Supply Systems Part 6, Clause 11 semiconductor converters in the IEC standards.
Part 7, Clause 25
22 | Special Systems 11
23 | Platform Safety 11.1 Part 2, Clause Type 2 - Meets It should be noted that API RP 14C is referenced by 30
Control System 12.12.1 CFR 250 in many places for platform safety systems.
24 | Gas Detection System 11.2 Part 2, Clause Type 2 - Meets Chapter 9, clause 9.11.1 of IMO MODU Code stated
12.12.2 “gas detection and alarm system should be provided to
Part 7, Clause 5.5.1, the satisfaction of the administration”.
5.5.2,5.5.3,
25 | Fire Detection Systems 11.3 Part 2, Clause Type 2 - Meets No specific guidance provided and no specific standard
12.12.2 being referenced in the IEC 61892 for the placement of

detectors, and no mention of the use of fusible plug
loops for fire detection. It should be noted that both
IMO MODU Code and SOLAS have guidance for locating
fire detectors in the accommodation, service spaces
and machinery spaces, but not in the
production/process areas.
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Operated Watertight
Doors

Meet

No. Section Title / Baseline Standard API IEC Standard (N:zréjcé;rgepeeds Pl
Subject Issue RP 14 and API RP 14FZ IEC 61892 ! ¢
Does Not Meet)
26 | Aids-to-Navigation 114 Part 2, Clause 11.6 Type 3 - Does Not | It should be noted that the four days battery power
Equipment Part 6, Clause 12.3 Meet may not satisfy USCG requirement in certain districts.
For example, USCG eighth district typically requires 8
days battery power for manned platforms and 30 days
for unmanned platforms.
27 | Communications 11.5 Part 3, Clause 13 Type 2 - Meets Internal communication and radio communication
Equipment Part 2, Clause requirements are provided in Chapter 11 of the IMO
12.15 MODU Code and SOLAS.
28 | Heat Trace System 11.6 Part 7, Clause 12.5 Type 2 - Meets API reference the IEEE 515 which provides test criteria
Part 6, Clause 14 to determine the suitability of heating devices and
fittings that are used for commercial applications. The
standard also includes detailed recommendations for
the design, installation, and maintenance of electrical
resistance heat tracing in these applications. IEC
reference IEC 60519-10 and IEC 60079-30-2 with similar
provisions for heat tracing.
29 | Fire Pumps 11.7 Part 2, Clause Type 2 - Meets
10.4.6.2
Part 7, Clause 9.1
30 | Adjustable Frequency 11.8 Part 3, Clause 8 Type 2 - Meets IEC 61800 is the standard for design, construction and
Controllers testing of AFDs.
31 | Submarine Cables 11.9 Part 4 Type 2 - Meets It should be noted that Submarine cables are excluded
in both APl and IEC standards.
32 | Electric Qil-lmmersion 11.1 Type 3 - Does Not | The requirements provided in APl are to prevent
Heaters Meet explosion. IEC standard covers only protection
requirement.
33 | Electric Power- 11.11 Type 3 - Does Not | Proper degree of protection (IP rating) is a general
Operated Winches for Meet requirement for IEC standard.
Survival Craft
34 | Electric Power- 11.12 Type 3 - Does Not | Requirements for Electric Power-Operated Watertight

Doors can be found in SOLAS
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Part 7, Clause 26,
27

No. Section Title / Baseline Standard API IEC Standard (N:zréjcé;rgepeeds Pl
Subject Issue RP 14 and API RP 14FZ IEC 61892 ! ¢
Does Not Meet)
35 | Hull Mechanical 11.13 Type 3 - Does Not | Requirements for mechanical ventilation shutdown
Systems Controls Meet arrangement are provided in SOLAS, IMO MODU Code,
and Class Society Rules.
36 | Cargo Tanks of Floating 11.14 Part 7, Sub-clause Type 2 - Meets API provides basic information such as types of
Facilitie 4.8 electrical equipment allowed in the space and
recommended automatic shutdown of submerged
pumps for low liquid level.
37 | Cargo Handling Rooms 11.15 Part 7, Sub-clause Type 1 - Exceeds API recommends minimum 6 air changes per hour for
4.8 cargo handling room; IEC 60092-502 requires minimum
of 20 air changes per hour ventilation requirement.
38 | General Alarm System 11.16 Part 2, Sub-clause Type 3 - Does Not | The IEC standard does not specify the general alarm
12.15 Meet system to have multiple tones for different types of
Part 3, Clause 13.4 alarm. It does not mention any sign that accompany
the alarm speaker. The designer will have to refer to
other IEC standards for guidance; for example the IMO
Code on Alerts and Indicators.
39 | Cathodic Protection 11.17 Type 3 - Does Not | Section 11.17 of API RP14F and API 14 FZ include a
Meet detailed discussion of impressed current type of
corrosion protection. This topic is not mentioned in IEC
61892
40 | Special Considerations 12 PARTS 1, 3,6,7 Type 2 - Meets
41 | System Checkout 13 Part 6, Clause 18 Type 2 - Meets
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Appendix B. Analysis of API RP 500 and API RP 505 to IEC 60079

Table 19 provides a summary of the comparative assessment between API RP 500 and API RP 505 and the IEC 60079. This appendix contains the

analysis for the following subjects:

Scope, References (Codes, Rules, Guides & standards from Industries, Government and Class Society), Acronyms and Abbreviated

Definitions

Basic Conditions for a Fire or Explosion
Flammable and Combustible Liquids, Gases, and Vapors

Classification Criteria

e Extent of a Classified Location
e Recommendations for Determining Degree and Extent of Classified Locations
e Appendices
Table 19: Comparative Assessment Results
. . Baseline Standard Impact Type
No. Zic;;zstTégje/ API RP 500 and API Iﬁ(éé:;m(;:l;;d (Meets, Exceeds, Analysis
RP 505 Does Not Meet)

1 Scope 1 Part 10-1 Clause 1 Type 2 - Meets Note:

AP| RP 500 & API RP 505 are referenced by 30 CFR 250
as the standards for electrical area classification for
offshore.

IEC 60079-10 is referenced by IEC 61892 as the
standard for area classification.

2 References (Codes, 2 Part 10-1 Clause 2 Type 2 - Meets It should be noted that the references listed in the API
Rules, Guides & RP 500 & API RP 505 are informative only and should
standards from not to be considered a part of the RP except for those
Industries, specifically referenced.

Government and Class
Society)

3 Acronyms and 3 Part 10-1 Clause 3 Type 2 - Meets
Abbreviated
Definitions
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Baseline Standard

Impact Type

and Clause 5;
Part O Clause 4

No. iic;;z:tT;?je/ API RP 500 and API Iﬁ(éé?;;;;d (Meets, Exceeds, Analysis
RP 505 Does Not Meet)
4 Basic Conditions for a 4 Part 10-1 Clause 4.1 | Type 3 - Does Not IEC standard does not contain any information on the
Fire or Explosion Meet basic conditions for a fire/explosion. It is noted that
information on basic fire conditions in APl is
information purpose only.
5 Flammable and 5 Type 3 - Does Not IEC standard does not provide any information on
Combustible Liquids, Meet flammable and combustible liquids, gases and vapors.
Gases, and Vapors
6 Flammable and 5.5 Part 0 Clause 4.2 Type 2 - Meets Most of the hazardous areas on the oil and gas
Combustible Liquids, (Equipment production platforms are Group D (which is equivalent
Gases, and Vapors Grouping) to group IIA in IEC standard).
It is to be noted that Class | does not appear in area
classification based on IEC standard. Therefore, the gas
group lIA, 11B or IIC and temperature class (T code) must
be specified for the proper selection of electrical
equipment.
7 Classification Criteria 6 Part 10-1 Clause 3 Type 2 - Meets API RP 500 and API RP 505 both makes a provision for

use of combustible gas detection equipment for certain
scenarios, where as there is no provision in IEC for use
of combustible gas detection equipment. From safety
perspective, this can be viewed that IEC is more
stringent as it does not allow the use of combustible
gas detection equipment for purpose of reducing the
Zone classification.AP| defines adequate ventilation as
keeping the gas concentration below 25%. IEC standard
doesn't define adequate ventilation as done in API.
However, it provides detailed qualitative guidance on
the assessment of ventilation and dilution and its
influence on hazardous area.
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Determining Degree
and Extent of Classified
Locations at Drilling
Rigs and Production
Facilities on Land and
on Marine Fixed
Platforms

(Examples of Meet
hazardous area

classification)

. . Baseline Standard Impact Type
No. Zic;;z:tT;?je/ API RP 500 and API Iﬁ(éé?;;;gd (Meets, Exceeds, Analysis
RP 505 Does Not Meet)
8 Extent of a Classified 7 Part 10-1 Clause 8 Type 2 - Meets API provides more of an example-based approach to
Location (Extent of zone) and determine the extent of a classified location around
Annex D (Estimation different equipment.
of hazardous zones) Whereas IEC standard provides examples showing the
Part O Clause 4 extent of classified locations based on calculations and
charts which can be seen as a theory-based approach.
This approach can provide more precise radius for
extent of a classified location.
9 Recommendations for 8.1,8.2.1,8.2.2 and Part 10-1 Annex E Type 2 - Meets
Determining Degree 8.2.3 (Examples of
and Extent of Classified hazardous area
Locations — Common classification)
Applications
10 Recommendations for 8.2.5, 8.2.6 and Part 10-1 Annex E Type 3 - Does Not IEC 60079-10 does not have any guidance on classifying
Determining Degree 8.2.7 (Examples of Meet specific areas that contain gas-fueled or diesel-fueled
and Extent of Classified hazardous area engines/turbines or locations containing batteries or
Locations — Common classification) paint products. Where APl RP 500 and API RP 505 both
Applications provide basic guidance on classifying locations that
contain such equipment.
11 Recommendations for 9 Part 10-1 Annex E Type 3 - Does Not There are guidelines provided in API RP 500 and API RP
Determining Degree (Examples of Meet 505 for classifying locations around process and
and Extent of Classified hazardous area production equipment in petroleum refineries.
Locations in Petroleum classification) However, this topic is not covered in IEC standard.
Refineries
12 Recommendations for 10 Part 10-1 Annex E Type 3 - Does Not API RP 500 and API RP 505 provide specific examples

classifying locations around process and production
equipment used on Drilling rigs and Production facilities
on Land and on Marine fixed locations which is not
covered by IEC standard.
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Baseline Standard

Impact Type

calculation of
minimum air
introduction rate to
Achieve adequate

(Ventilation
Guidance)

Meet

No. iic;;z:tT;?je/ API RP 500 and API Iﬁ(éé?;;;;d (Meets, Exceeds, Analysis
RP 505 Does Not Meet)

13 Recommendations for 11 Part 10-1 Annex E Type 3 - Does Not IEC Standard does not cover guidelines in terms of
Determining Degree (Examples of Meet specific examples for classifying locations around
and Extent of Classified hazardous area drilling equipment found on mobile drilling units
Locations on Mobile classification) whereas APl RP 500 and API RP 505 both provide
Offshore Drilling Units examples showing hazardous area classification for
(MODUs) locations on drilling rigs.

14 Recommendations for 12 Part 10-1 Annex E Type 3 - Does Not API RP 500 and API RP 505 provide specific examples
determining degree (Examples of Meet classifying locations for electrical installations at
and extent of Classified hazardous area locations around oil/gas drilling, workover rigs and
locations at drilling rigs classification) facilities on floating production units which is not
and production covered by IEC standard.

Facilities on floating
production units

15 Reserved for future 13
use

16 Recommendations for 14 Part 10-1 Annex E Type 3 - Does Not IEC 60079-10 provides some examples of hazardous
determining degree (Examples of Meet area classification in Annex that can be used for
and extent of Classified hazardous area petroleum pipeline transportation facilities. However, it
locations at petroleum classification) doesn't provide the specific examples provided in API.
pipeline transportation
Facilities

17 APPENDIX A—Sample Part 10-1 Annex C Type 2 - Meets
calculation to achieve (Ventilation
adequate ventilation Guidance)
of an enclosed area by
natural means
usingEquations 1 And 2

18 APPENDIX B— Part 10-1 Annex C Type 3 - Does Not AP| RP 500 and API RP 505 both provide detailed

explanation and a recommended calculation technique
to determine the ventilation rate by considering
fugitive emissions from drilling/process equipment
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. . Baseline Standard Impact Type
No. iic;;z:tT;?je/ API RP 500 and API Iﬁ(éé?;;;gd (Meets, Exceeds, Analysis
RP 505 Does Not Meet)
ventilation using where IEC standard doesn't contain this detail and
fugitive emissions technique.

19 APPENDIX C (API RP Part 10-1 Clause 3.3 | Type 2 - Meets
505) —Preferred (hazardous areas and
symbols for denoting zones)
class |, zone O,

Zone 1, and zone 2

hazardous (classified)

areas

APPENDIX C (API RP Type 3 - Does Not Information provided in the baseline standard about
500) —Development Meet the evolution of the definition of 'adequate ventilation'
of Ventilation Criteria is for informational purposes.

20 APPENDIX D— Type 3 - Does Not API provides detailed calculation example which
informative annex—an Meet considers the point source method which can be more
alternate method for precise than the schematic approach contained in IEC
Area classification standard.

21 APPENDIX E— Part 10-1 Annex F Type 1 - Exceeds The schematic approach provided in IEC standard is
procedure for (Schematic approach more detailed approach than the basic procedure step
classifying locations to classification of by step approach provided in API.

hazardous area)

22 ANNEX F (API RP 505) Part 10-1 Annex C Type 2 - Meets
— (informative). (Ventilation
Alternate ventilation Guidance)
criteria (IEC 79-10, Annex D (Estimation
MOD) of hazardous zones)

23 APPENDIX F (API RP Type 3 - Does Not IEC standard does not cover the Division Classification

500) - Preferred

symbols for denoting
Class |, Division 1 and
Division 2 Hazardous
(Classified) Locations

Meet

method as covered in Task 1 analysis.
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1. Introduction

On September 16, 2016, the Bureau of Safety and Environmental Enforcement (BSEE) Office of Offshore
Regulatory Programs (OORP) contracted ABSG Consulting, Inc. (ABSG) to conduct the Comparative
Assessment of Electrical Standards and Practices study (GS-00F-026A, #E16PC00014). BSEE currently
incorporates various industry standards by reference into Title 30 Code of Federal Regulations (CFR)
250.198. BSEE considers it a priority to have an accurate understanding of the concepts detailed in these
industry standards documents when conducting inspections of offshore oil and gas facilities to ensure
compliance with regulations.

With more facilities and components being manufactured overseas to international standards,
determining acceptable equivalencies between the domestic standards incorporated by reference (IBR)
and the comparable international standards has become challenging. BSEE recognizes these challenges
with many of the electrical standards IBR in 30 CFR 250.198. The purpose of this study was to conduct a
gap analysis to compare domestic electrical standards (i.e., NEC, API, ANSI and UL standards) to
international electrical standards (i.e., International Electrotechnical Commission standards). As part of
this study the following comparative assessments were conducted:

J Task 1 —IEC vs. NEC standards

J Task 2 —IEC vs. API standards

. Task 3 —IEC vs. ANSI/UL standards

. Task 4 —Other gap analysis assessments

o Task 6 —United States vs International Accreditation Practices

Through this comparative gap analysis, BSEE may determine that some of the existing international
electrical standards may be easier to follow by the offshore oil and gas industry, more robust, and easier
to enforce. BSEE may use the results of this analysis to inform the policies and regulations associated
with the electrical-related standards IBR. The ultimate goal of improved regulations is safer operations
on the OCS, resulting in better protection of the environment and a reduction in the loss of life and
property

This report presents the results of Task 3, the comparative assessment to determine if the International
Electrotechnical Commission (IEC) series 60079 series meets, exceeds or does not meet the American
National Standards Institute (ANSI) | Underwriters Laboratory (UL) Standards for Safety 674, 823, 844,
913, 1203 and 2225.

c.us “

LISTED
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2. Methodology

ABSG conducted a comparative assessment to determine if the IEC 60079 series of standards meet,
exceed or do not meet the ANSI/UL Standards 674, 823, 844, 913, 1203, and 2225. The latest editions of
the IEC 60079 Series standards were used for this analysis along with the UL standards listed in Table 1.
This report is structured to summarize the results of this comparative assessment for each of the UL
standards listed. Each section includes a brief overview of the subject area, a table highlighting the
assessment results and a discussion where there are differences between the international and
domestic standards.

Table 1: UL Standards used for the comparative analysis with IEC 60079 series

Document Number Title

UL 674 Ed. 5 May 31, 2011 Standard for Safety for Electric Motors and Generators for Use in
Hazardous (Classified) Locations (Revised on May 19, 2017)

UL 823 Ed. 9 October 20, Standard for Safety for Electric Heaters for Use in Hazardous

2006 (Classified) Locations (Reaffirmed on April 22, 2016)

UL 844 Ed. 13 June 29, 2012 Standard for Luminaires for Use in Hazardous (Classified) Locations
(including revisions through March 11, 2016)

UL 913 Ed. 8 December 06, Standard for Safety for Intrinsically Safe Apparatus and Associated

2013 Apparatus for Use in Class |, Il, 1ll, Division 1, Hazardous (Classified)
Locations (including revisions through October 16, 2015)

UL 1203 Ed. 5 November 22, | Standard for Safety for Explosion-Proof and Dust-Ignition-Proof
2013 Electrical Equipment for Use in Hazardous (Classified) Locations

(including revisions through October 16, 2015)
UL 2225 Ed. 4 September 30, | Standard for Safety for Cables and Cable-Fittings for Use In Hazardous
2013 (Classified) Locations (including revisions through March 24, 2017)

The UL standards covered in this Report as listed in Table 1 are applicable to specific equipment and/or
protection types. IEC 60079 series specify the requirements for construction, testing and marking of
electrical equipment and Ex Components intended for use in explosive atmospheres without limitation
on specific equipment/components. Specific types of protection are addressed in different standards in
the IEC 60079 series, separately. The comparative assessment is based on the scope of the UL standards
and applicable IEC 60079 standards. The nonconformance/nonequivalence between UL standards and
IEC 60079 standards caused by the scope limitation of the UL standards are not considered.

The comparative assessment is focused on Class | hazardous locations (flammable gases, flammable
liquid—produced vapors, or combustible liquid—produced vapors). Class Il locations (combustible dust)
and Class lll locations (combustible fibers/flyings) are not covered in the scope of this assessment.

To conduct the analysis, ABSG developed a Standards Analysis Tool to facilitate the comparative
assessment. The Standards Analysis Tool was used to map the domestic baseline standard (UL) to the
comparable section of the international standard (IEC 60079 series of standards). The Standards Analysis

2
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Tool incorporated an Impact Type criteria, which allowed for a side-by-side comparison of each section
of the domestic baseline standard (UL) to the comparable section of the international standard (IEC
60079 series of standards). Lastly, the Standards Analysis Tool included an analysis section for the SME
to provide comments on the impact category that was selected. The comments includes a justification
of each designation (meets, exceeds, or does not meet) descriptions of similar provisions, additional
requirements or shortfalls.

Summary versions of the completed analysis templates are provided in Appendices A through F as
references in this report.

Table 2 provides a description of the Impact Type criteria used for the comparative assessment. The
subject matter expert (SME) reviewed each section and assigned an impact category.

Table 2: Impact Type Criteria

Impact Category Description

Type 1 - Exceeds The International Electrotechnical Commission standards exceed
the standards currently used by BSEE

Type 2 - Meets The International Electrotechnical Commission standards meet
the standards currently used by BSEE

Type 3 - Does Not Meet The International Electrotechnical Commission standards does
not meet the standards currently used by BSEE

3. UL 674 vs.IEC 60079 series

UL 674 Standard for Safety for Electric Motors and Generators for Use in Hazardous (Classified) Locations
provides requirements for the construction, performance and marking of electrical motors and
generators or other rotating machinery with the type of protection explosion-proof or dust-ignition-
proof, intended for use in explosive atmospheres.

Based on the scope of this UL standard, the comparative assessment was conducted with IEC 60079-0,
IEC 60079-1, IEC 60079-14 and IEC 60079-10-1 as listed below:

e |EC60079-0 Explosive atmospheres — Part 0: Equipment — General requirements specifies the
general requirements for construction, testing and marking of electrical equipment and Ex
Components intended for use in explosive atmospheres.

e |EC60079-1 Explosive atmospheres — Part 1: Equipment protection by flameproof enclosures “d”
contains specific requirements for the construction and testing of electrical equipment with the
type of protection flameproof enclosure “d”, intended for use in explosive gas atmospheres.

e |EC60079-14 Explosive atmospheres — Part 14: Electrical installations design, selection and
erection contains the specific requirements for the design, selection, erection and initial
inspection of electrical installations in, or associated with, explosive atmospheres

e |EC60079-10-1 Explosive atmospheres — Part 10-1: Classification of areas — Explosive gas
atmospheres is concerned with the classification of areas where flammable gas or vapor hazards
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may arise and may then be used as a basis to support the proper selection and installation of

equipment for use in hazardous areas.

The scope of the comparative assessment between the UL 674 with IEC 60079 included the following

topics:

e General
e Construction

e Performance Tests

e Marking

3.1 General

Table 3 provides the results of the comparative assessment for the general provisions. Subsequent

sections provide further analysis where the IEC does not meet or exceeds the UL standards. Note that

some sections in the UL 674 are not contained in the IEC 60079 standards. In these subject areas, the

IEC does not meet the UL 674.

Table 3: Motor General - Comparative Assessment Results
Section Title /

Baseline Standard

International Standard

Assessment Results

Subject Issue UL 674 IEC 60079 Series

Scope and application 1 Part0, Clause 1 & 4 Type 2 - Meets

Part 1, Clause 1
Conditions for use 2 Part 0, Clause 1 Type 3 - Does Not Meet
Normative references 3 Part 0/1/14, Clause 2 Type 3 - Does Not Meet
Dated and Undated 4 Part 0/1/14, Clause 2 Type 2 - Meets
References
Definitions 5 Part 0/1/14, Clause 3 Type 2 - Meets
Components 6 Part 0, Clause 6.1 Type 3 - Does Not Meet
Units of measurement 7 IEC uses Metric System | Type 2 - Meets

No equivalent Type 3 - Does Not Meet
Terminology 8 requirements in [EC

60079

Zone and Group 9 Part O, Clause 4 Type 2 - Meets
Equivalency Part 10-1, Clause 3

UL 674 covers electric motors and generators or submersible and nonsubmersible sewage pumps and
systems as well as other rotating machinery installed in Class |, Division 1, Group B, C & D (equivalent to
Class I, Zone 1, Group lIA and 1B, [IB+H2). The UL standard only addresses types of protection explosion-
proof or dust-ignition-proof for the equipment aforementioned. All types of protection are contained in
the IEC 60079 series.
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3.1.1 Conditions for Use

The normal ambient conditions defined in UL 674 and IEC 60079-0 are similar, except temperature
range. Minimum ambient temperature -50 °C is specified in UL for the use in Canada, which is lower
than -20 °C minimum temperature given in IEC 60079-0, and maximum normal temperature in IEC
60079-0 is 60 °C, higher than 40 °C in UL 674.

The Division system for hazardous area classification employed in UL 674 is not used in IEC 60079 series.
The equivalency between Division system and Zone System based on NFPA 70 National Electric Code
(NEC) Article 500 and 505 are provided in the UL standard. The definitions and basis for the Zone
(including Gas Groups) method classification in NEC Article 505 and IEC 60079-10-1 are very similar. The
detailed analysis can be found in Task 1 Report. Please note that installation in Gas Group IIC containing
acetylene is not in the scope of UL 674. Group IIB+H2 in the UL standard can be considered as Group IIC
without acetylene in IEC 60079 series (refer to UL 1203, Sec. 6.3).

3.1.2 Normative References and Components

UL 674 does not employ any IEC standard for base requirements. Normative references in UL 674 are
U.S., Canada and Mexico standards.

Both UL 674 and IEC 60079-0 standards require that electrical equipment and components in hazardous
(classified) locations shall also comply with applicable safety requirements of the relevant industrial
standards for installation in ordinary locations (unclassified). However IEC standards do not require that
the compliance with the industrial standard be verified, whereas UL standards for ordinary location have
requirements on equipment be verified by the testing lab.

3.1.3 Terminology

Both UL and IEC standards provide adequate definitions of the terms used within the standards, except
terms "motor" and "sewage pump" in Section 8 of UL 674 are for the use in this UL standard only. It shall
be understood that the requirements for the motor also apply to a generator or a sewage pump motor
in the UL standard.

Based on the above, it can be concluded that IEC can meet UL 674 from the scope and application
aspects generally, where installation area ambient temperature is not less than -20 °C. For low
atmospheric temperature installation, a case by case study may be needed.

3.2 Construction

This section focuses on the comparison of requirements of explosion-proof motor enclosure in UL 674
with flame-proof enclosure in IEC 60079-1 as well as 60079-0 and IEC 60079-14, as applicable. The
results of the comparative assessment are summarized in Table 4. . Subsequent sections provide further
analysis where the IEC does not meet the UL standards. Note that some sections in the UL 674 are not
contained in the IEC 60079 standards. In these subject areas, the IEC does not meet the UL 674.

5
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Table 4: Motor Construction - Comparative Assessment Results

Section Title / Baseline Standard @ International Standard Assessment Results
Subject Issue UL 674 IEC 60079 Series
Enclosures 10.1 thru 10.4 Part 1, Clause 12.4, Type 3 - Does Not Meet
12.7, & 15

Part 0, Clause 8.3
Part 1, Clause 5.1, 5.2.1 | Type 3 - Does Not Meet

Joints in Enclosures 11.1 thru 11.5 thru 5.2.4
Holes in Enclosures 12 Part 0, Clause 9.3 Type 2 - Meets

Part 1, Clause 11
Shaft Opening 13 Part 1, Claguse 5.2.2 & | Type 3 - Does Not Meet
Drain .and Breather 14 Part 1, Clause 10 Type 2 - Meets
Plugs in Enclosure
Air-Gap Gauge Plugs 15 No equivalent Type 3 - Does Not Meet
in Enclosure requirements in [EC

60079

Devices with 16 IEC 60079-1, Sec. 7 Type 2 - Meets
Operating Rods &
Spindles
Protection Against 17 IEC 60079-1, Sec. 5.1 | Type 2 - Meets
Corrosion
Materials Applied to 18 IEC 60079-1, Sec. 5.1 | Type 2 - Meets

Joint Surfaces

Part 1, Clause 13 Type 2 - Meets

F|eld—W|r|ng 19 Part 14, Clause 9, 10 &
Connections
11

Cord-Connected 20 No equivalent Type 3 - Does Not Meet
Motors requirements in [EC

60079
Assemblies of 21 IEC 60079-14, Sec. 5 Type 2 - Meets
Equipment
External fans and fan 22 IEC 60079-0, Type 2 - Meets
guards Sec.17.1.2 & 17.1.3
Gasoline Submersible 23 No equivalent Type 3 - Does Not Meet
Motors requirements in [EC

60079
Leakage Detectors 24 No equivalent Type 3 - Does Not Meet

requirements in [EC

60079
Maximum External 25 IEC 60079-0, Sec. Type 2 - Meets
Surface Temperature 5.3.2.2
Devices for Limiting 26 IEC 60079-0, Sec 30.3 | Type 2 - Meets
External Surface
Temperatures
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Section Title / Baseline Standard @ International Standard Assessment Results

Subject Issue UL 674 IEC 60079 Series
Spacing 27 No equivalent Type 3 - Does Not Meet

requirements in [EC
60079

Test Voltages and Test 28 IEC 60079-0, Sec 26.5 | Type 2 - Meets
Conditions
Instrumentation- 29 IEC 60079-0, Sec 26.6 | Type 2 - Meets
Temperature
Measurements
Variable-Frequency 30 IEC 60079-0 Type 2 - Meets
Inverter-Driver Annex D/E
Motors

3.2.1 Enclosure

The motor enclosures are made of metal materials. Comparisons show that enclosure material
requirements are not consistent in IEC 60079 series and UL 674. UL 674 may be considered more
stringent than IEC due to no allowance on zinc alloys as well as magnesium and its alloys in UL 674. Also
UL 674 has detailed requirements for surface porosity in casting materials of enclosures without
limitation on a specific material, whereas only cast iron quality is required not less than the quality 150
as defined by ISO 185 in IEC.

Both UL 674 and IEC 60079-1 require that enclosure strength shall be sufficient to withstand the stresses
(pressure) resulting from internal explosion pressure test and over pressure test. The test requirements
in UL and IEC can be considered equivalent. The comparisons of two tests between UL and IEC are
included in Section 3.3 Performance Test. In addition, in UL 674, the ability of a motor enclosure to
withstand internal explosion pressure can also be determined by calculations with the safety factors and
minimum thickness of motor enclosure walls as specified. Similar requirements were not found in IEC.

Based on the analysis above, it can be concluded that IEC 60079-1 does not meet UL 674 from material
aspect.

3.2.2 Joints in Enclosure

Though the contents in General section for enclosure joints in UL and IEC are not same, the related
requirements can be found in the other sections. For example, metal joint surface average roughness
0.0064 mm maximum is specified in Sec. 11.1 General of UL, the same requirement is included in Clause
5.2 of IEC 60079-1.

Both UL and IEC provides the dimensional requirements for enclosure joints based on gas groups (B, C, D
in UL/ IIA, 11B, & IIC in IEC) and joint types (non-threaded joint or thread joint).

For non-threaded joint of enclosure in Group (C, D / llA, 1IB) locations, minimum required joint width in
IEC and UL are the same, but UL gives maximum allowable joint gaps less than IEC under the same joint
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width ranges and enclosure volumes for the equivalent gas groups. For Group B (lIC) location, UL
requirements are more conservative on the gaps or widths of joint for free internal volume 100 <V <
500 and 1640 < V < 2000 (V; unit: cm3). Also width and gap of rabbet joint in UL cannot be satisfied by
the IEC standard and no minimum cover thickness at the joint flange is specified in the IEC standard for
Group IIC.

Per IEC 60079-1, two types of threaded joints National Pipe Thread (NPT) and cylindrical can be used for
all gas groups (lIA, 1IB, IIC). NPT shall conform to ANSI/ASME B1.20.1 Pipe Threads, General Purpose, Inch
and cylindrical thread shall conform with I1SO 965-1 ISO general purpose metric screw threads --
Tolerances -- Part 1: Principles and basic data and 1SO 965-3 ISO general purpose metric screw threads --
Tolerances -- Part 3: Deviations for constructional screw threads. Both types require a minimum of five
fully engaged threads. In UL 674, NPT is used for gas groups (B, C, D), but parallel threads based on I1SO
965-1 and ISO 965-3 are only mentioned in the section for the enclosure in Group B location only. The
exact minimum engaged thread numbers required are given per threaded section maximum diameter or
the thread class of fit, but in no case less than five fully engaged threads. In addition, minimum length of
threaded engagement specified for cylindrical threads, based on the enclosure volume are same in the
IEC and UL standards.

Both UL 674 and IEC 60079-1 contain requirements for bolts in joint width. The required minimum
flame path length (from inside or outside of enclosure to the nearest edge of bolt hole) in IEC is less than
in UL under the same joint width ranges.

Based on the analysis above, IEC 60079-1 meets the requirements of UL 674 for threaded joints of
enclosures, but IEC 60079-1 does not meet UL 674 for the requirements of non-threaded joint and bolts
in joint width of enclosure.

3.2.3 Shaft Opening

Minimum length of joint and clearance (gap) for motor shaft opening depend on gas groups, shaft joint
types (straight or labyrinth) and bearing types (sleeve or ball). For the same length of joints as well as
same joint types and bearing types, the maximum allowable clearance (gap) for Group C & D locations in
UL is less than equivalency Group IIA & IIB locations in IEC, thus UL 674 is more stringent. However the
shaft opening for Group B locations is not covered in UL, but provided in IEC for Group IIC location.

Based on the comparable shafting opening dimensions, it may be considered that IEC 60079-1 does not
meet UL 674.

3.3 Performance Tests

Twenty test procedures are defined in UL 674. Comparison analysis of these test procedures with IEC
60079-0 & 60079-1 defined tests is summarized in Table 5. No further analysis is provided for the tests
included in UL but without equivalent requirements in IEC. . Subsequent sections provide further
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analysis where the IEC does not meet or exceeds the UL 674. Note that some sections in UL 674 are not
contained in the IEC 60079 standards. In these subject areas, the IEC does not meet the UL 674.

Table 5: Motor Performance Tests - Comparative Assessment Results

Section Title /

Baseline Standard

International Standard

Assessment Results

Subject Issue

UL 674

IEC 60079 Series

Fan Guards Test

60079

Temperature Tests- 31 Part O, Clause 26.5 Type 2 - Meets
General
Temperature tests on 32 Part O, Clause 26.5 Type 3 - Does Not Meet
sinewave power for
single speed or multi-
speed motors
Temperature tests for Type 3 - Does Not Meet
Variable-Frequency 33 Part 0, Annex D/E
Inverter-Driver Motors
Dielectric-voltage Nc.> equivalgnt Type 3 - Does Not Meet
Withstand Test 34 requirements in IEC
60079
Explosion Test 36 Part 1, Clause 15.2.2 & | Type 2 - Meets
15.3
Over Pressure Test on 37 Part 1, Clause 15.2.3 Type 2 - Meets
Enclosures
Test on Temperature- Type 2 - Meets
Limiting Devices for 38 Part 14, Clause 13.3 &
Limiting External 13.4
Surface Temperature
Secureness Test on Part1,C.3.3.1 Type 3 - Does Not Meet
. 39
Conduit Hubs
Electrical-Resistance 40 Part 0, Clause 26.12 Type 1 - Exceeds
Test
Accelera.ted—Aglng Test 41 Part 0, Clause 26.8 Type 2 - Meets
on Bushing
No equivalent Type 3 - Does Not Meet
Cord-Pull Test 42 requirements in IEC
60079
No equivalent Type 3 - Does Not Meet
Rough-Usage Test 43 requirements in IEC
60079
Drop Test 44 Part O, Clause 26.4.3 Type 2 - Meets
No equivalent Type 3 - Does Not Meet
Gasoline-Leakage Test 45 requirements in IEC
60079
Non-Metallic Fans and N(.) equivalgnt Type 3 - Does Not Meet
46 requirements in IEC
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Section Title / Baseline Standard International Standard Assessment Results
Subject Issue UL 674 IEC 60079 Series
No equivalent Type 3 - Does Not Meet
Pull Test on Tubes 47 requirements in IEC
60079
Sealing Compounds 48 IEC 60079-1, Annex C.3 | Type 3 - Does Not Meet
Test
Low Ambient-Duty N(.) equivalgnt Type 3 - Does Not Meet
Motors 49 requirements in [EC
60079
Grounding-Continuity 50 Part 0, 26.12 Type 1 - Exceeds

test

3.3.1 Temperature Tests on Sinewave Power for Single Speed or Multi-speed Motors

The exterior surface of a motor shall not exceed the marked operating temperature or temperature
class (T-code). Covering the test methods for normal temperature, overload, overload to burnout, single
phasing, locked-rotor, 72 hour locked-rotor, air test per UL 674, which is more stringent than IEC 60079-
0 requirement that the test to determine maximum surface temperature shall be performed under the
most adverse ratings with an input voltage between 90 % and 110 % of the rated voltage or 110 % of the
rated current of the electrical equipment.

3.3.2 Temperature tests for Variable-Frequency Inverter-Driver Motors

Test methods for variable-frequency invertor-drive (VFID) motor under normal temperature, overload,
overload to burnout, single phasing, locked-rotor air test conditions are provided in UL 674. Thermal test
for the motor with the particular converter required by IEC 60079-0 is same as discussed in 3.3.1. UL 674
test requirements for VFID motor are more stringent than IEC.

3.3.3 Secureness Test on Conduit Hubs

Torque on the conduit required for the test per IEC 60079-1 is less than UL 674 under the same conduit
sizes. IEC 60079-1 does not meet UL 674.

3.3.4 Electrical-Resistance Test

UL 674 requires the electrical resistance test to determine the resistance of the grounding path at
threaded joint surfaces not exceeding 0.003 Q by adding a direct or alternating current of 50 amperes.
Also UL has requirements on resistance of the grounding path between ground conductor and dead
metal parts of portable motor. Earth continuity test in IEC 60079-0 is not only limited at threaded joint
surfaces and the resistance between the earth plates or parts of earth plates is tested by passing a direct
current of 10 A to 20 A between the earth plates. The resistance for non-metallic material shall not
exceed 0.005 Q. In addition, IEC has more detailed requirements for the test, including materials, parts,
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assembly of test sample and test time & temperature, etc. Therefore IEC60079-0 exceeds the
requirement in UL 674.

3.3.5 Sealing Compounds Test

This test required by UL is to determine sealing compound resistance to chemicals and to be tested to
13 chemicals, whereas IEC 60079-1 has no such detailed requirements. In this regard, IEC does not meet
the requirements of UL 674.

3.3.6 Grounding-Continuity Test

Per UL 674, this test is a routine production-line test of manufacturer to check if grounding plug or
conductor is electrically connected to dead metal parts of a motor. No detailed requirements are
provided in UL. Earth continuity test in IEC 60079-0 includes the requirements on materials, parts,
assembly of test sample and test time & temperature, etc. Therefore IEC60079-0 exceeds UL 674.

3.4 Marking

The results of the comparative assessment for marking requirements is summarized in Table 6.
Subsequent sections provide further analysis where the IEC does not meet the UL standards.

Table 6: Marking - Comparative Assessment Results

Section Title / Baseline Standard International Standard Assessment Results
Subject Issue UL 674 IEC 60079 Series
Marking 51 IEC 60079-0, Type 3 - Does Not Meet
Sec. 29

The UL 674 standard, Section 51, contains marking requirements, including:
e Manufacturer information
e Motor rating
e Rated ambient temperature
e Class, Division or Zone, Group rating e.g. "Class 1, Group D" and/or "Class 1, Zone 1, Group IIA"
e Maximum external operating temperature or temperature class (T Code)
e Terminal Box Info

The IEC 60079-0, Section 29 requires that marking are mainly to cover:
e Manufacturer information
e Name or mark of the certificate issuer and certificate reference
e Exmarking
Symbol (e.g. Ex d)

o Group (e.g. llA)
o Temperature class (e.g. T6);
o Equipment protection level (e.g. Ga)

11
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o Ambient Temperature (e.g. Ta or Tamb)

In general the marking in both standards are providing similar information as listed here. The IEC
marking doesn’t indicate Zone whereas UL marking indicates Zone 0, 1 or 2. Ex Symbols and equipment
protection level in the IEC are not employed by UL. Although it may be considered that IEC does not
meet UL for marking due to difference between 2 standards, it should have no negative affect on the
safety level of equipment operation.

3.5 Summary Conclusions

Based on the comparative assessments in the above sections, various sections of the IEC 60079 series
meet, exceed, or do not meet the requirements of UL 674.

IEC 60079 series meets the requirements outlined in UL 674 in the following subject areas:
e Scope and applications
e Dated and Undated References
e Definitions
e Units of measurement
e Zone and Group Equivalency
e Holes in enclosures
e Drain and Breather Plugs in Enclosure
e Devises with Operating rods and Spindles
e Protection Against Corrosion
e Materials Applied to Joint Surfaces
e Field-Wiring Connections
e Assemblies of Equipment
e External fans and fan guards
e Maximum External Surface Temperature
e Devices for Limiting External Surface Temperatures
e Test Voltages and Test Conditions
e Instrumentation-Temperature Measurements
e Variable-Frequency Inverter-Driver Motors
e Temperature Tests — General
e Explosion Test
e Over Pressure Test on Enclosures
e Accelerated-Aging Test on Bushing
e Test on Temperature-Limiting Devices for Limiting External Surface Temperature
e Drop Test

The IEC standard does not meet the requirements outlined in the UL 674, in the subject areas of:
e Conditions for use

12
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¢ Normative references
e Components
e Enclosures
e Joints in Enclosures
e Shaft Opening
e Temperature tests on sinewave power for single speed or multi-speed motors
e Temperature tests for Variable-Frequency Inverter-Driver Motors
e Secureness Test on Conduit Hubs
e Sealing Compounds Test
e Marking
e Requirements with no equivalent requirements in IEC 60079
o Terminology
o Construction
= Air-Gap Gauge Plugs in Enclosure
= Cord-Connected Motors
= Gasoline Submersible Motors
= Leakage Detectors
=  Spacing
o Performance Tests
= Dielectric-voltage Withstand Test
= Cord-Pull Test
= Rough-Usage Test
=  Gasoline-Leakage Test
= Non-Metallic Fans and Fan Guards Test
=  Pull Test on Tubes
= Low Ambient-Duty Motors

The IEC standard exceeds the requirements outlined in the UL 674, in the subject areas of:
e Electrical-Resistance Test
e Ground-Continuity Test

4. UL 823 vs. IEC 60079 Series

UL 823 Standard for Safety for Electric Heaters for Use In Hazardous (Classified) Locations provides
requirements for the construction, performance and marking of portable and fixed electrical heaters
with the type of protection explosion-proof or dust-ignition-proof and dust-tight, intended for use in
explosive atmospheres.

Based on the scope of this UL standard, the comparative assessment was conducted with IEC 60079-0,
IEC 60079-1, IEC 60079-14 and IEC 60079-10-1 as listed below:

13



%?ABS Group

Comparative Assessment: International Electrotechnical Commission vs National Electrical Code

IEC 60079-0 Explosive atmospheres — Part 0: Equipment — General requirements specifies the
general requirements for construction, testing and marking of electrical equipment and Ex
Components intended for use in explosive atmospheres.

IEC 60079-1 Explosive atmospheres — Part 1: Equipment protection by flameproof enclosures “d”
contains specific requirements for the construction and testing of electrical equipment with the
type of protection flameproof enclosure “d”, intended for use in explosive gas atmospheres.

IEC 60079-14 Explosive atmospheres — Part 14: Electrical installations design, selection and
erection contains the specific requirements for the design, selection, erection and initial
inspection of electrical installations in, or associated with, explosive atmospheres

IEC 60079-10-1 Explosive atmospheres — Part 10-1: Classification of areas — Explosive gas
atmospheres is concerned with the classification of areas where flammable gas or vapor hazards
may arise and may then be used as a basis to support the proper selection and installation of
equipment for use in hazardous areas.

The scope of the comparative assessment between the UL 823 with IEC Standard 60079 included the

following topics:

4.1

General

Construction

Performance tests

Heaters for Class |, Division 2, Group A, B, C & D locations
Manufacturing and production tests

Marking

General

Table 7 provides the results of the comparative assessment for the general provisions. Subsequent

sections provide further analysis where the IEC does not meet the UL standard. Note that some sections
in the UL 823 are not contained in the IEC 60079 standards. In these subject areas, the IEC does not
meet the UL 823.

Table 7:

Section Title / Baseline Standard International Standard

Heater General - Comparative Assessment Results

Assessment Results

Subject Issue UL 823 IEC 60079 Series
Scope 1 PartQ, Clause 1 & 4 Type 2 - Meets
Scope - Atmospheric 1.7 Part 1, Clause 1 Type 3 - Does Not Meet
Conditions
General 2 Part O, Clause 6.1
Components 3 Part O, Clause 6.1
Units of measurement 4 IEC uses Metric System | Type 2 - Meets
Undated References 5 Part 0/1/14, Clause 2 Type 2 - Meets
Enclosure Types 6 IEC 60079-0/-1/-14 Type 3 - Does Not Meet
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Section Title / Baseline Standard International Standard Assessment Results
Subject Issue UL 823 IEC 60079 Series
Class |, Zone and Group 7 Part O, Clause 4 Type 2 - Meets
Equivalency Part 10-1, Clause 3
Glossary 8 Part 0/1/14, Clause 3 Type 2 — Meets
4.1.1 Scope

UL 823 covers portable and fixed electric heaters installed in Class I, Division 1, Group A, B, C& D
(equivalent to Class I, Zone 1, Group IIA and 1IB (1IB+H2) & IIC). The UL standard only addresses types of
protection explosion-proof or dust-ignition-proof and dust-tight and is applicable to electric air heaters,
hot-water or steam radiators, electric hot plates and paint heaters rated 600 volts or less. All types of
protection are contained in IEC 60079 series.

The normal ambient conditions defined in UL 823 and IEC 60079-0 are similar, except temperature
range. Minimum ambient temperature -50 °C is specified in UL, which is lower than -20 °C minimum
temperature given in IEC 60079-0, and maximum normal temperature in IEC 60079-0 is 60 °C, but no
maximum temperature is specified in UL 823.

Both UL and IEC standards require that electrical heaters and components in hazardous (classified)
locations also comply with applicable safety requirements of the relevant industrial standards for
installation in ordinary locations (unclassified). However IEC 60079-0 does not require compliance with
industrial standard be verified, whereas UL standards for ordinary location have requirements on
equipment be verified by the testing lab.

Both IEC and UL standards have requirements on protecting equipment from ingress of liquid/solid
foreign objects. However, type 4X enclosure in UL 823 is watertight corrosion-resistant enclosure and is
required to be manufactured from corrosion-resistant materials. There are no equivalent enclosures
identified by IP rating in IEC. Also UL 823 requires heaters with Type 7 enclosures to meet the applicable
requirements for indoor Class | locations. Enclosures marked as Type 7 per UL can be used in explosive
gas atmospheres accordingly. Such enclosure type is not employed by IEC 60079.

The Division system for hazardous area classification employed in UL 823 is not used in IEC 60079 series.
The equivalency between the Division system and Zone System based on NEC Article 500 and 505 are
provided in the UL standard. The definitions and basis for the Zone (including Gas Groups) method
classification in NEC Article 505 and IEC 60079-10-1 are very similar. The detailed analysis can be found
in Task 1 Report. Please note that Group IIB+H2 in the UL standard can be considered as Group IIC
without acetylene in IEC 60079 series (refer to UL 1203, Sec. 6.3).

Both UL and IEC standards provide adequate definitions of the terms used within the standards.

Based on the above, it can be concluded that IEC can meet UL 823 from the scope and application
aspects generally, where installation area ambient temperature is not less than -20 °C. For low
atmospheric temperature installation, a case by case study may be needed.
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4.2 Construction

This section focuses on the comparison of requirements of explosion-proof heater enclosure in UL 823
with flame-proof enclosure in IEC 60079-1 as well as 60079-0 and IEC 60079-14, as applicable. The

results of the comparative assessment are summarized in Table 8. Subsequent sections provide further

analysis where the IEC does not meet or exceeds the UL standards. Note that some sections in the UL
823 are not contained in the IEC 60079 standards. In these subject areas, the IEC does not meet the UL

823.

Table 8: Heater Construction - Comparative Assessment Results
Section Title /

Baseline Standard

International Standard

Assessment Results

Subject Issue UL 823 IEC 60079 Series
Construction-All 9 No equivalent Type 3 - Does Not Meet
Heaters requirements in IEC 60079
Enclosure - Materials 10.1 Part 1, Clause 12.4 & 12.7 | Type 3 - Does Not Meet
Part 0, Clause 8.3
Enclosure - Thickness 10.2 No eguwalent Type 3 - Does Not Meet
requirements
Joints in Enclosure - 11.1 Part 1, Clause 5.1&5.2 | Type 2 - Meets
General
Joints in Enclosure - Part 1, Clause 6
Cemented Joint 11.2 Part 0, Sec. 12 Type 2 - Meets
Joints in Enclosure -
Joints with flamepaths
Class |, Group A, B, C 11.3 Part 1, Clause 5.4 & 8.1.3 | Type 2 - Meets
and D
Joints in Enclosure - Part 1, Clause 5.2.1 thru
Class.l, Group Cand D 11.4 5248813 Type 3 - Does Not Meet
locations
Joints in Enclosure -
Class |, Group B 11.5 Part 1, Cla5u;e45.2.1 thru Type 3 - Does Not Meet
Locations o
Joints in Enclosure - Type 2 - Meets
Class |, Group A 11.6 Part 1, Clause 5.3
locations
Joints in E|j1c.losure - 11.7 Part 1, Clause 5.3 Type 2 - Meets
Threaded joints
Joints in EnFIosure i 11.8 Part 1, Clause 5.2.2 & 8 Type 3 - Does Not Meet
Shaft Opening
Holes in Enclosure - 121 Part 1, Clause 13 Type 2 - Meets
Class | Locations ) Part 14, Clause 9, 10 & 11
Hotjwater or Steam 13 Part 14, Clause 13 Type 2 - Meets
Radiators
S.upply Connections - 14.18 14.2 Part 1, Clause 13 & Annex | Type 2 - Meets
Fixed Heaters C
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Section Title /

Baseline Standard

International Standard

Assessment Results

Subject Issue UL 823 IEC 60079 Series
Supply connections - 14.4 See Parts/Clauses for 11.1 | See results for 11.1 —
Portable Heaters ’ —11.8 of UL 823 above 11.8 of UL 823 above
Cord Clamp 14.5 No equivalent Type 3 - Does Not Meet
Securing of threaded 14.6 requirements in IEC 60079
joints 15
Hooks and Handles 16
Casters and Wheels 17
External Metal Parts
Bondmg and 18 Part O, Clause 15 Type 1 - Exceeds
Grounding
Temperature-Limiting Part 14, Clause 13.3 & Type 2 - Meets

. 19
Devices 134
Protection Against 20 Part 0, Clause 15.4 Type 2 - Meets
Corrosion Part 1, Clause 5.1
!Vl.aterlals applied to 21 Part 1, Clause 5.1 Type 2 - Meets
joint surfaces

4.2.1 Enclosure (Materials)

The heater enclosure housing can be made of metal materials or nonmetallic materials. Comparisons
show that enclosure metal material requirements are not consistent in IEC 60079 series and UL 823. UL
823 may be considered more stringent than IEC due to no allowance on zinc alloys as well as magnesium
and its alloys in this UL standard. Also UL 823 has maximum limit of copper content of alloy (30%) less
than required by IEC (60%) for use in Class |, Group A (equivalent to Group IIC containing acetylene).

Per UL 823, nonmetallic materials shall comply with the requirements in Section 32, Non-Metallic
Enclosure Materials Tests. The comparisons of non-metallic material test between UL and IEC are
covered in Section 4.3 of this Report.

Based on the above, it can be concluded that IEC does not meet UL 823 from material aspect.

4.2.2 Joint in Enclosures (Class I, Group C and D locations)

For non-threaded joints of enclosures, width and clearance of the joints required by UL 823 are provided
in a figure which shows a near linearization of width and clearance, with a minimum width limit to 3/4"
(19.1mm) and maximum clearance 0.045" (0.11mm). Comparison with minimum width and maximum
clearance in Table 2 of IEC60079-1 shows that UL requirements on joint width and/or clearance (gap)

are more stringent than IEC, except for enclosure with free internal volume 6 in® (100 cm3) or less for

the equivalent gas group.

Bolts in joint width are accepted with conditions, such as minimum joint length and flame path length
(from inside or outside of enclosure to the nearest edge of bolt hole) and maximum diametrical
clearance between bolt and bolt hole in UL 823. The IEC standard does not have such limitation. Where
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the bolt in joint width is provided, the required minimum flame path length in IEC 60079-1 is less than in
UL823 under the same joint width ranges.

IEC 60079-1 does not meet UL 823 for the requirements of non-threaded joint and bolts in joint width of
enclosure in Dr. C & D locations.

4.2.3 Joints in Enclosures (Class I, Group B locations)

Minimum required non-threaded joint width in the IEC and UL standards are the same. However, for
free internal volume (V cm”3) of enclosure 100 < V <500 and 1640 < V < 2000, UL 823 gives maximum
allowable joint gaps less than IEC 60079-1 under the same joint width ranges and enclosure volumes for
the equivalent gas groups. Also width and gap of rabbet joint in UL cannot be satisfied by IEC 60079-1,
Table 3 and no minimum thickness of cover thickness at the joint flange is specified in IEC.

Similar as in Group C & D locations, bolts in joint width in Group B locations are also accepted with
conditions in UL, which is not required by IEC. Where the bolt in joint width is provided, the required
minimum width of joint and/or minimum flame path length (distance from inside of enclosure to
nearest edge of bolt hole) in IEC 60079-1 less than UL 823.

IEC 60079-1 does not meet UL 823 for the requirements of non-threaded joint and bolts in joint width of
enclosure.

4.2.4 Joints in Enclosures (Shaft Openings)

Minimum length of joint and clearance (gap) for shaft opening depend on gas groups, shaft joint types
(straight or labyrinth) and bearing types (sleeve or ball). For the same length of joints as well as same
joint types and bearing types, the maximum allowable clearance (gap) for Group C & D locations in UL
823 is less than equivalency Group IIA & IIB locations in IEC 60079-1, therefore the UL standards is more
stringent.

IEC 60079-1, Table 3 for Group IIC enclosure is applied to free internal volume more than 2000 cm?
whereas Group A & B enclosure with shaft opening in UL 823 is limited to free internal volume of 30 in®
(500 cm3) or less. UL 823 also requires that shaft opening in an enclosure for Group A & B locations shall
have a path length not less than 1” (25.4 mm) and maximum clearance 0.045" (0.11 mm), which more
stringent than IEC 60079-1.

Based on the comparisons, it is concluded that IEC 60079-1 does not meet UL 823 for shafting opening
requirements.

4.2.5 Supply Connections (Portable Heaters)

UL 823 requires that portable heaters shall have provisions for connection of flexible cords and seals
between heater and terminal enclosure. Terminal enclosures in Class | locations shall have metal-to-
metal joints in accordance with Section 11.1 through 11.8 of the standard. See Table 8 of this report for
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the comparative assessment results of “joints in enclosure” requirements in 11.1-11.8 of UL 823 with
IEC.

4.2.6 Bonding and Grounding

Bonding and grounding requirements in IEC 60079-1 and UL 823 are similar, except that minimum cross-
sectional area of earthing conductor are specified based on phase conductors in the IEC standard, which
are not found in UL 823. Thus it is considered that IEC 60079-1 exceeds the requirements of UL 823 for
bonding and grounding.

4.3 Performance Tests

Sixteen test procedures are defined in UL 823. Comparison analysis of these test procedures with IEC
60079-0 & 60079-1 defined tests are summarized in Table 9. Subsequent sections provide further
analysis where the IEC does not meet or exceeds the UL standard. Note that some sections in the UL 674
are not contained in the IEC 60079 standards. In these subject areas, the IEC does not meet the UL 674.

Table 9: Heater Performance Tests - Comparative Assessment Results
Section Title /

Subject Issue

Baseline Standard
UL 823

International Standard
IEC 60079 Series

Assessment Results

Temperature Tests 22 Part O, Clause 26.5 Type 1 - Exceeds
Accelerated-Aging Test 23 Part O, Clause 26.8 Type 2 - Meets
on Bushing
Strain-Relief Test 24 No equivalent Type 3 - Does Not Meet
requirements in [EC
60079
Rough-Usage Test 25 No equivalent Type 3 - Does Not Meet
requirements in [EC
60079
Drop Test 26 Part 0, Clause 26.4.3 Type 2 - Meets
No equivalent Type 3 - Does Not Meet
Overturning Test 27 requirements in [EC
60079
No equivalent Type 3 - Does Not Meet
Stability Test 28 requirements in IEC
60079
Dielectric-voltage Nc.> equivalgnt Type 3 - Does Not Meet
Withstand Test 29 requirements in [EC
60079
No equivalent Type 3 - Does Not Meet
Thermal-Cutoff test 30 requirements in IEC
60079
No equivalent Type 3 - Does Not Meet
Low-Water Cutoff Test 31 requirements in IEC
60079
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Section Title /

Subject Issue

Baseline Standard

UL 823

International Standard
IEC 60079 Series

Assessment Results

Non-Metallic Enclosure

Type 3 - Does Not Meet

factory-Installed
conduit seals

60079

. 32 Part 0, Clause 7 & 26.7
Material Tests
Explosion Test 33 Part 1, Clause 15.2.2 & | Type 2 - Meets

15.3

Hydrostatic Pressure 34 Part 1, Clause 15.2.3 Type 2 - Meets
Test
Secureness of Conduit 36 Part1, C.3.3.1 Type 3 - Does Not Meet
Hubs Test
Resistance Test - No equivalent Type 3 - Does Not Meet
Leakage test on 372 requirements in [EC

Resistance Test -
Electrical-resistance
test

37.1,37.3&37.4

IEC 60079-0, Sec. 26.12

Type 1 - Exceeds

Resistance Test - Tests
on joint gaskets

37.5

No equivalent
requirements in [EC
60079

Type 3 - Does Not Meet

4.3.1 Temperature tests

UL 823 requires heater surface temperature to be tested at rated frequency and voltage specified in

Table 22.1. Maximum temperatures for all heaters are specified in Table 22.2. Exterior surface

temperature of a heater for use when Class | & Class Il conditions may exist simultaneously is

determined by maximum temperature specified in Table 22.3 for Class Il heaters. IEC 60079-0 requires

that the test to determine maximum surface temperature shall be performed under the most adverse

ratings with an input voltage between 90% and 110% of the rated voltage of the electrical heater. The T-

class is determined by maximum surface temperature in IEC 60079-0, Clause 26.5.1.3.

The maximum voltage for the test is equal to the rated value in UL 823, lower than 110% of the rated

voltage required by IEC 60079-0. Also the T-class is determined by maximum surface temperature in the
IEC standard. Therefore IEC 60079-exceeds the temperature test requirement UL 823.

4.3.2 Non-Metallic Enclosure Material Tests

In UL 823 tests include material chemical compatibility, accumulation of static electricity and sealing

compounds. Requirements for the tests in IEC 60079-0 are more than in UL 823, except chemical

resistance test. For chemical compatibility test, UL 823 requires the compatibility to 13 chemicals to be

tested, whereas IEC 60079-0 has no such detailed requirements. In this regard, it is considered that
IEC60079-0 does not meet the requirements of UL 823.
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4.3.3 Secureness of Conduit Hubs Test

The torque specifications for conduit required by IEC 60079-1 is less than UL 823 under the same
conduit sizes. Therefore IEC 60079-1 does not meet the requirement of UL 823 for secureness of conduit
hubs.

4.3.4 Resistance Test

UL 823 requires the electrical resistance test to determine the resistance of the grounding path at
threaded joint surfaces not exceeding 0.003 Q by adding a direct or alternating current of 50 amperes.
Also UL has requirements on resistance of the grounding path between ground conductor and dead
metal parts of portable equipment. Earth continuity test in IEC 60079-0 is not limited to the specific joint
types or equipment. The resistance between the earth plates or parts of earth plates is tested by passing
a direct current of 10 A to 20 A between the earth plates. The resistance for non-metallic material shall
not exceed 0.005 Q. In addition, IEC has more detailed requirements for the test, including materials,
parts, assembly of test sample and test time & temperature, etc. Therefore IEC60079-0 exceeds the
requirement in UL 823.

4.4 Heaters for Class I, Division 2, Group A, B, C & D locations

Per Sections 38-43 of UL 823, a heater for use in Class |, Division 2 locations shall comply with the
requirements for a heater for use in ordinary locations (see Sections 2 and 3 in Table 7) and other
requirements on enclosures, supply connections, corrosion protection, and temperature test as below.

The heater enclosure for an arcing or sparking part shall meet the requirements for an enclosure in Class
I, Division 1 locations (refer to Sections 10, 11 and 12 of UL 823). The requirements for other enclosures
are general, such as, the strength and rigidity necessary to resist mechanical damage and impact, etc.,
except that the minimum thicknesses are specified for different material enclosures. The requirements
for supply connections, corrosion protection and temperature test of the heaters in Class I, Division 2
locations are referred to Sections 14, 20 and 22 of UL 823 for Division 1 locations. See Tables 8 and 9 for
the related assessments.

4.5 Manufacturing and production tests

According to Sections 51-54 of UL 823, heaters shall be subjected to the production-line tests including
hydrostatic pressure test, air-leakage test, dielectric voltage-withstand test and bonding test. The
requirements of hydrostatic pressure test, dielectric voltage-withstand test and bonding test are similar
as Sections 33, 29 and 37.3 & 37.4, respectively. See Table 9 of this Report for the comparative
assessment results of the related tests. The air-leakage test is for heater element sheath and no
equivalent requirements are found in IEC 60079.
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4.6 Marking

The results of the comparative assessment for marking requirements is summarized in Table 10.
Subsequent sections provide further analysis where the IEC standard does not meet the UL standard.

Table 10: Marking - Comparative Assessment Results

Section Title / Baseline Standard International Standard Assessment Results
Subject Issue UL 823 IEC 60079 Series
Marking 51 IEC 60079-0, Type 3 - Does Not Meet
Sec. 29

UL 823, Section 51 contains marking requirements including:
e Manufacturer info
e Heater rating
e Rated ambient temperature
e