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Preface 

This preface,  as wel l  as al l  footnotes and  annexes,  is included  for information  purposes and  is not part of 
ANSI/ISA-TR1 2.1 3.03.  

This document has been prepared  as part of the service of the International  Society of Automation  (ISA) 
toward  a goal  of uniformity in  the field  of instrumentation.   To be of real  value,  this document should  not 
be static but should  be subject to periodic review.   Toward  this end,  the Society welcomes al l  comments 
and  criticisms and  asks that they be addressed to the Secretary,  Standards and  Practices Board;  ISA;  67 
Alexander Drive;  P.  O.  Box 1 2277;  Research Triangle Park,  NC  27709;  Telephone (91 9) 549-841 1 ;  Fax 
(91 9) 549-8288;  E-mail :  standards@isa.org.  

The ISA Standards and  Practices Department is aware of the growing  need  for attention  to the metric 
system of units in  general,  and  the International  System of Units (SI ) in  particular,  in  the preparation  of 
instrumentation  standards.   The Department is further aware of the benefits to USA users of ISA 
standards of incorporating  suitable references to the SI  (and  the metric system) in  their business and  
professional  dealings with  other countries.   Toward  this end,  this Department wi l l  endeavor to introduce 
SI-acceptable metric units in  al l  new and revised  standards,  recommended practices,  and  technical  
reports to the greatest extent possible.   Standard for Use of the International System of Units (SI): The 
Modern Metric System,  publ ished  by the American Society for Testing  & Materials as IEEE/ASTM SI  1 0-
97,  and  future revisions,  wil l  be the reference guide for definitions,  symbols,  abbreviations,  and  
conversion  factors.  

I t is the pol icy of ISA to encourage and  welcome the participation  of al l  concerned individuals and  
interests in  the development of ISA standards,  recommended practices,  and  technical  reports.   
Participation  in  the ISA standards-making process by an  individual  in  no way constitutes endorsement by 
the employer of that individual,  of ISA,  or of any of the standards,  recommended  practices,  and  technical  
reports that ISA develops.  

CAUTION — ISA DOES NOT TAKE ANY POSITION WITH RESPECT TO THE EXISTENCE OR 
VALIDITY OF ANY PATENT RIGHTS ASSERTED IN CONNECTION WITH THIS DOCUMENT,  AND 
ISA DISCLAIMS LIABILITY FOR THE INFRINGEMENT OF ANY PATENT RESULTING FROM THE 
USE OF THIS DOCUMENT. USERS ARE ADVISED THAT DETERMINATION OF THE VALIDITY OF 
ANY PATENT RIGHTS, AND THE RISK OF INFRINGEMENT OF SUCH RIGHTS,  IS ENTIRELY THEIR 
OWN RESPONSIBILITY.  

PURSUANT TO ISA’S PATENT POLICY,  ONE OR MORE PATENT HOLDERS OR PATENT 
APPLICANTS MAY HAVE DISCLOSED PATENTS THAT COULD BE INFRINGED BY USE OF THIS 
DOCUMENT AND EXECUTED A LETTER OF ASSURANCE COMMITTING TO THE GRANTING OF A 
LICENSE ON A WORLDWIDE, NON-DISCRIMINATORY BASIS,  WITH A FAIR AND REASONABLE 
ROYALTY RATE AND FAIR AND REASONABLE TERMS AND CONDITIONS.  FOR MORE 
INFORMATION ON SUCH DISCLOSURES AND LETTERS OF ASSURANCE, CONTACT ISA OR 
VISIT WWW.ISA.ORG/STANDARDSPATENTS. 

OTHER PATENTS OR PATENT CLAIMS MAY EXIST FOR WHICH A DISCLOSURE OR LETTER OF 
ASSURANCE HAS NOT BEEN RECEIVED. ISA IS NOT RESPONSIBLE FOR IDENTIFYING PATENTS 
OR PATENT APPLICATIONS FOR WHICH A LICENSE MAY BE REQUIRED, FOR CONDUCTING 
INQUIRIES INTO THE LEGAL VALIDITY OR SCOPE OF PATENTS,  OR DETERMINING WHETHER 
ANY LICENSING TERMS OR CONDITIONS PROVIDED IN CONNECTION WITH SUBMISSION OF A 
LETTER OF ASSURANCE, IF ANY, OR IN ANY LICENSING AGREEMENTS ARE REASONABLE OR 
NON-DISCRIMINATORY. 
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ISA REQUESTS THAT ANYONE REVIEWING THIS DOCUMENT WHO IS AWARE OF ANY PATENTS 
THAT MAY IMPACT IMPLEMENTATION OF THE DOCUMENT NOTIFY THE ISA STANDARDS AND 
PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.  

ADDITIONALLY, THE USE OF THIS DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS,  
OPERATIONS OR EQUIPMENT.  THE DOCUMENT CANNOT ANTICIPATE ALL POSSIBLE 
APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN 
HAZARDOUS CONDITIONS. THE USER OF THIS DOCUMENT MUST EXERCISE SOUND 
PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S 
PARTICULAR CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF 
ANY GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH 
PRACTICES BEFORE IMPLEMENTING THIS DOCUMENT.  

THE USER OF THIS DOCUMENT SHOULD BE AWARE THAT THIS DOCUMENT MAY BE IMPACTED 
BY ELECTRONIC SECURITY ISSUES. THE COMMITTEE HAS NOT YET ADDRESSED THE 
POTENTIAL ISSUES IN THIS VERSION.  

The fol lowing people served  as members of ISA Subcommittee ISA1 2.1 3:  

NAME COMPANY 

J.  Mi l ler,  Chair Detector Electronics Corporation  
R.  Seitz,  Co-Chair Artech Engineering  
M.  Coppler,  Managing Director Ametek Inc.  
S.  Bal iga General  Monitors 
W.  Bennett Mine Safety Appliances Company 
J.  Berthold  Senscient Inc.  
D.  Bishop David  N  Bishop Consultant 
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Foreword 

Publication  of this Registered  Technical  Report has been approved by the Accredited  Standards 
Developer ISA,  67 Alexander Drive,  Research Triangle Park,  NC 27709.   This document is registered  as 
a Technical  Report series of publ ications according  to the procedures for the Registration  of Technical  
Reports with  ANSI .   This document is not an  American National  Standard  and  the material  contained  
herein  is not normative in  nature.   Comments on  the content of this document should  be sent to the 
Secretary,  Standards and  Practices Board;  ISA;  67 Alexander Drive;  P.  O.  Box 1 2277;  Research Triangle 
Park,  NC 27709.  

The primary reason for development of this technical  report is to support the existing  al lowance for 
combustible gas detectors as a method  of protection  as permitted  within  ANSI/NFPA 70,  National  
Electrical  Code (NEC),  Articles 500 and 505.   This  document also provides guidance on  the use of 
combustible gas detectors as a method  of area classification  designation,  gas free work permit (hot work 
permit) application  and  supplemental  protection.  

 

Abstract 

This document provides guidance on  the use of combustible gas detection  as a method  of protection  as 
permitted  by ANSI/NFPA 70 (NEC),  the use of combustible gas detection  for reduction  of area 
designation  by API  500 and  API  505,  and  to support the Hot Work Permit d iscussed in  OSHA regulations 
29 CFR 1 91 0.1 1 9(k).  

 

Keywords 

Apparatus,  combustible gas detection,  fixed  apparatus,  combustible gas,  combustible vapor,  gas 
concentration,  gas free work permit,  hot work permit,  portable apparatus,  transportable apparatus 
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Introduction 

Combustible gas detection apparatus and  systems should  be used  whenever there is the possibi l ity of a 
hazard  to l i fe or property caused  by the accumulation of a combustible gaseous atmosphere.  Such 
apparatus can provide a means of reducing  the hazard  by detecting  the presence of the combustible gas 
and issuing suitable audible or visual  warnings and/or to in itiate specific actions such as increased  
venti lation  rates,  plant shutdown,  evacuation,  and  operation  of fire suppression  procedures.  

Combustible gas detection apparatus and  systems may be used  to monitor a gas atmosphere to initiate 
maintenance or operation  action  when  low levels of combustible gas are detected.  

Additional ly,  combustible gas detection apparatus can be used  to confirm that the area is suitable for 
engagement of work activities or to permit energizing  electrical  equipment in  hazardous (classified) 
locations.  

Performance requirements for combustible gas detecting apparatus are set out in  ANSI/ISA-1 2.1 3.01  (IEC 
61 779-1  to -5 Mod) and  ANSI/FM 6325/ISA-1 2.1 3.04.   
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1  Scope 

Combustible gas detection used  for process safety management may also be used  to provide protection  
from explosion  or fires by minimizing  the possibi l ity of an  accumulation  of combustible gases reaching 
ignitable levels.   Criteria are developed to establ ish  combustible gas levels to initiate alarms,  initiate 
increase in  venti lation  rates and  to initiate shutdown of processes to shutoff the flow of combustible gas 
that has breached  containment.   I t is the intent of this document to compile and  refine techniques for the 
use of combustible gas sensors and  control lers to monitor and  control  sources of combustible gas release 
into the atmosphere within  designated  spaces.  I t is also the intent that these products and  techniques be 
adapted  by industries and  used  with  processes that have historical ly not employed combustible gas 
detection  as a method  of protection.  

1 .1  This document provides guidance on  the use of a combustible gas detection  system as a method  of 
protection  in  Class I  hazardous (classified) locations as defined  within  the fol lowing  specific documents:  

•  ANSI/NFPA 70 (NEC) where for specific applications,  electrical  equipment that would  not otherwise 
be permitted  in  the hazardous (classified) location  may be used  in  conjunction  with  combustible gas 
detection  equipment;  

•  API  RP 500 and  API  RP 505 for the use of combustible gas detection  equipment to augment 
venti lation  to ensure adequate di lution  of combustible gas to prevent the possibi l i ty of ignition;  

•  Title 29 Code of Federal  Regulations 1 91 0.1 1 9(k) OSHA regulations to support the hot work permit.  

NOTE 1  — Applicable combustible gas detection equipment performance standards include ANSI/ISA-1 2.1 3.01  and  ANSI/FM 

6325/ISA-1 2.1 3.04.  

For the purpose of this document combustible gases include combustible and  flammable gases and  
vapors.  

Documents other than API  RP 500 and  RP 505 that describe area classification  techniques,  but which  
have not included  combustible gas detection  as part of the process to reduce the probabil ity of ignition  
are ANSI/NFPA 497 and  ANSI/ISA-TR1 2.24.01  (IEC 60079-1 0 Mod).   Application  of combustible gas 
detection  and control  as described  in  this document can  provide additional  protection  from fire and  
explosion  over typical  area classification  protection  techniques by risk reduction  methods.   I ndustries that 
use these and  other area classification  documents can benefit by application  of the techniques and  
criteria presented  in  this document.  

NOTE 2 — Where mandatory text is provided  in  this Technical  Report,  the basis of the mandatory text is derived  directly from 

referenced  standards.  

1 .2 This document provides guidance on  the use of portable combustible gas detection  apparatus to 
al low l ive maintenance on  equipment or work with  electrical  powered  tools within  hazardous (classified) 
locations.  

1 .3 This document provides guidance on  the use of combustible gas detection  as a supplement in  
adequately venti lated  spaces.  

1 .4 For the purpose of this document,  apparatus includes 

fixed  apparatus;  

portable apparatus;  and  

transportable apparatus.  
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1 .5 This document is NOT intended to cover the fol lowing:  

a) Guidance on  area classification  

b) Apparatus intended only for the detection  of non-combustible toxic gases 

c) Apparatus of laboratory or scientific type intended only for analysis or measurement purposes 

d) Apparatus intended for mining  applications 

e) Apparatus intended for applications in  explosives processing  and  manufacture 

f) Apparatus intended only for process control  appl ications 

g) Apparatus intended for the detection  of a potential ly combustible atmosphere resulting  from dust 
or mist in  air 

h) Appartus intended for confined  space entry.  

1 .6 Combustible gas hardware as described  in  this document may be appl ied  as stand  alone 
sensor/control lers or may be incorporated  with  or into another system such as,  Basic Process and  Control  
System (BPCS),  Safety Instrumented  System (SIS) or Fire and  Gas System that may be employed in  an  
industrial  faci l ity.   When venti lation  rates must be control led  by the various responses of the combustible 
gas detection and  control  devices,  there must also be interaction  with  the HVAC control  system or 
devices.  

2 References 

The fol lowing referenced  documents are indispensable for the application  of this document.  For dated  
references,  only the edition  cited  appl ies.  For undated  references,  the latest edition  of the referenced 
document (including  any amendments) applies.  

ANSI/ISA-60079-0 (1 2.00.01 ),  Electrical  Apparatus for Use in  Class I ,  Zones 0,  1  & 2  Hazardous 
(Classified) Locations:  General  Requirements 

ANSI/ISA-TR1 2.24.01  (IEC 60079-1 0 Mod),  Recommended Practice for Classification  of Locations for 
Electrical  Instal lations Classified  as Class I ,  Zone 0,  Zone 1 ,  or Zone 2 

ANSI/NFPA 497,  Recommended Practice for the Classification  of Flammable Liquids,  Gases,  Vapors and  
of Hazardous (Classified) Locations for Electrical  Installations in  Chemical  Process Areas.  

ANSI/ISA-1 2.1 3.01  (IEC 61 779-1  to 5 Mod),  Performance Requirements for Combustible Gas Detectors 

ANSI/ISA-RP1 2.1 3.02 (IEC 61 779-6 Mod),  Recommended Practice for the Instal lation,  Operation,  and  
Maintenance of Combustible Gas Detection  Instruments 

ANSI/FM 6325/ISA-1 2.1 3.04,  Performance Requirements for Open Path  Combustible Gas Detectors 

ANSI/ISA-84.00.01  (IEC 61 51 1 -1  Mod),  Functional  Safety:  Safety Instrumented  Systems for the Process 
Industry Sector – Part 1 :   Framework,  Definitions,  System,  Hardware and  Software Requirements 

ANSI/NFPA 70,  National  Electrical  Code®
 
(NEC) 

ANSI/NFPA 72,  National  Fire Alarm Code®  
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API  RP500,  Classification of Locations for Electrical  Instal lations at Petroleum Facil ities Classified  as 
Class I ,  Division  1  and  Division  2 

API  RP505,  Classification of Locations for Electrical  Instal lations at Petroleum Facil ities Classified  as 
Class I ,  Zone 0,  Zone 1 ,  and  Zone 2 

API  RP1 4C,  Analysis,  Design,  Instal lation  and  Testing of Basic Surface Safety Systems on  Offshore 
Production  Platforms 

API  RP1 4F,  Recommended Practice for Design  and  Instal lation  of Electrical  Systems for Fixed  and  
Floating  Offshore Petroleum Facil i ties for Unclassified  and  Class I ,  Division  1  and  Division  2 Locations 

API  RP1 4FZ,  Recommended Practice for Design  and  Instal lation  of Electrical  Systems for Fixed  and  
Floating  Offshore Petroleum Facil ities for Unclassified  and  Class I ,  Zone 0,  Zone 1 ,  and  Zone 2  Locations 

Title 29,  Code of Federal  Regulations (29 CFR),  Occupational  Safety and  Health  Administration,  
Department of Labor,  Process Safety Management of Highly Hazardous Chemicals 

Title 49,  Code of Federal  Regulations (49 CFR),  Department of Transportation,  Transportation  of Natural  
and  Other Gas by Pipel ine:   Minimum Federal  Safety Standards 

EN  50402,  Electrical  apparatus for the detection  and  measurement of combustible or toxic gases or 
vapours or oxygen.   Requirements on  the functional  safety of fixed  gas detection systems.  

3 Definitions 

For the purpose of this document,  the definitions from ANSI/ISA-1 2.1 3.01  and  ANSI/FM 6325/ISA-
1 2.1 3.04 apply except where definition  is necessary as part of this document.  

3.1  alarm 

3.1 .1  low level  alarm 
a local  and/or remote indication  of a low level  gas concentration  

3.1 .2 high level  alarm 
a local  and/or remote indication  of a high  level  gas concentration  

3.2 l isted 
equipment,  materials,  or services included  in  a l ist publ ished  by an  organization  that is acceptable to the 
authority having  jurisdiction and  concerned  with  evaluation  of products or services,  that maintains periodic 
inspection  of production  of Listed  equipment or materials or periodic evaluation  of services,  and  whose 
l isting  states that either the equipment,  material,  or service meets appropriate designated  standards or 
has been tested  and  found  suitable for a specified  purpose.  

3.3 malfunction 
a fault condition  within  any part of the gas detection  system where the gas detection  system can no 
longer rel iably detect gas 

3.4 system 
sensors,  logic solvers,  and  final  control  elements for the purpose of taking  the process to a safe state 
when  predetermined  conditions are violated  
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4 Fixed  instal lations with  otherwise unsuitable equipment 

The fol lowing three cases i l lustrate how gas detection may be used  as a method  of protection  enabling  
the use of electrical  equipment in  hazardous areas where that equipment might not otherwise be al lowed.   
Where a space is classified  as Class I ,  Division  1 /Zone 1 ,  equipment that is rated  for Class I ,  Division  
2/Zone 2 applications would  be permitted  to be used  within  that space,  provided  the criteria stated  in  
Clause 4.1  are fol lowed.   Adherence to these same criteria would  permit equipment that is rated  for 
ordinary locations to be instal led  in  a location  classified  Class I ,  Division  2/Zone 2.  

a) inadequate venti lation.  In  a Class I ,  Division  1 /Zone 1  location  that is so classified  due to 
inadequate venti lation,  electrical  equipment suitable for Class I ,  Division  2/Zone 2 locations may 
be instal led.  Combustible gas detection equipment l isted  for Class I ,  Division  1 /Zone 1 ,  for the 
appropriate material  Group and  for the detection  of the specific gas or vapor to be encountered,  is 
necessary to monitor for combustible gas at the location.  

NOTE ⎯ API  RP 500:2002,  Section  6.5.1 (a) and  API  RP 505:2002,  Section  6.8.1 (a) al low that the instal lation  of 
combustible gas detection  equipment can  be the basis for designating  the area as Division  2/Zone 2.  

b) interior of a bui lding .  In  a bui ld ing  located  in,  or with  an  opening into,  a Class I ,  Division  2/Zone 2 
location  where the interior does not contain  a source of combustible gas,  electrical  equipment for 
unclassified  locations may be instal led.  Combustible gas detection equipment l isted  for Class I ,  
Division  1 /Zone 1 ,  for the appropriate material  Group and  for the detection  of the specific gas or 
vapor to be encountered,  is necessary to monitor for combustible gas within  the bui lding.  

NOTE ⎯ API  RP 500:2002,  Section  6.5.1 (a) and  API  RP 505:2002,  Section  6.8.1 (a) al low that the instal lation  of 
combustible gas detection  equipment can  be the basis for designating  the area as “unclassified”.  

c) interior of a control  panel .  In  the interior of a control  panel  containing  instrumentation  uti l izing  or 
measuring  combustible l iquids or gases,  electrical  equipment suitable for Class I ,  Division  2/Zone 
2 locations may be instal led.  Combustible gas detection  equipment l isted  for Class I ,  Division  
1 /Zone 1 ,  for the appropriate material  Group and  for the detection  of the specific gas or vapor to 
be encountered,  is necessary to monitor for combustible gas within  the control  panel.  

Subclauses 4.1  through 4.4 provide general  recommended practices for applying combustible gas 
detection  as a method  of protection  of electrical  equipment pertinent to requirements of ANSI/NFPA 70 
(NEC).  

4.1  Criteria for use 

The criteria for use of combustible gas detection  equipment as a method  of protection  include al l  of the 
fol lowing:  

a) The area to be protected:  

- is an  industrial  establ ishment;  

-  has restricted  publ ic access;  and  

- is governed by conditions of maintenance and  supervision  that ensure only qual ified  
persons service the instal lation.  

b) The combustible gas detection  equipment should  be Listed  for compliance to ANSI/ISA-1 2.1 3.01  
or ANSI/FM 6325/ISA-1 2.1 3.04.  The combustible gas detectors are of a stationary type,  
permanently mounted  and  Listed  for detection  of the specific combustible gas to be encountered.  
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(1 ) The portion  of the gas detection  equipment instal led  in  the described  cases of Clause 4 
(a) – (c) is required  to be rated  for Class I ,  Division  1 /Zone 1 ,  and  that portion  of the gas 
detection  equipment outside the described  cases is required  to be rated  for the location  in  
which  it is instal led.  

(2) The power circuit for the combustible gas detection  equipment is required  to be 
independent from any power circuit for the equipment within  the space in  order to permit 
continued  gas detection  monitoring  by the gas detection  system.  

NOTE 1  ⎯ Reference ANSI/ISA-84.00.01  for information regarding  safety instrumented  system requirements and  

ANSI/NFPA 72 for information  regarding  fire alarm code requirements.  

NOTE 2 ⎯ Combustible gas detection  equipment identified  as “Classified  as gas or vapor detection  enclosures” or 
“Classified  as gas or vapor detection  equipment” does not meet the requirement in  (b) above and  should  not be used in  

the appl ications reviewed in  this guide.  

c) An adequate number of sensors is installed  and  appropriately placed  to ensure the sensing  of 
combustible gas in  the space protected  in  al l  areas where such  gas might flow or accumulate.   

d) Sensing  a combustible gas concentration  of less than or equal  to 20% LFL (as defined  by risk 
assessment),  or 1  LFL•m,  should  activate a low level  alarm (audible or visual,  or both,  as most 
appropriate for the location).  

NOTE 1  ⎯ Reference ANSI/NFPA 72 for audible and  visual  alarm device detai ls.  

NOTE 2 ⎯ The 20% LFL has been historical ly acceptable to account for gas detection  equipment accuracy 

considerations for compliance with  49CFR 1 92.736.  

NOTE 3 ⎯ OSHA 1 91 0.1 46 Permit required  confined  entry spaces defines a hazardous atmosphere with  “flammable gas,  

vapour,  or mist in  excess of 1 0 percent of i ts lower flammable l imit (LFL)”.  

NOTE 4 — ISO 21 798 Gas Turbine Applications-Safety,  Clause 5.1 9.4,  specifies an  alarm level  of 1 0% LFL within   

venti lated  turbine enclosures.   Lower LFL alarm levels are recommended where di lution  of gas concentrations are l ikely.  

e) Action  to reduce the rate of increase in  combustible gas concentration  should  be taken  at or 
before the 20% LFL or 1  LFL•m.  

NOTE⎯ The 20% LFL has been historical ly acceptable to account for gas detection  equipment accuracy considerations 

for compliance with  49CFR 1 92.736.  

f) Detection  of a combustible gas concentration  of 40% LFL or 3 LFL•m (or less if defined  by risk 
assessment) should  activate a high  level  alarm (audible or visual,  or both,  as most appropriate for 
the area) and initiate automatic disconnection  of power from otherwise inappropriate electrical  
devices in  the area.   Disconnection  of the devices should  consider the fol lowing:  

1 ) In  a Division  2  (Zone 2) hazardous (classified) location,  the power disconnecting device(s) 
should  be suitable for Class I ,  Division  1  or Zone 1  as appropriate if located  inside the 
bui lding  (or similar area).   A power disconnecting  device l isted  for Division  2  may also be 
used  within  a Division  2 location.  

2) I f the disconnecting  device(s) is located  outside the bui lding  (or similar area),  i t should  be 
suitable for the area in  which  it is located.  Redundant or dupl icate components (such  as 
sensors) may be instal led  to avoid  disconnecting  electrical  power when single component 
malfunctions are indicated.  

3) When automatic shutdown could  introduce additional  or increased hazard,  this method  of 
protection  should  not be used.  
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NOTE 1  ⎯ I n  the case of sensing  40% LFL or a combustible gas detection  system malfunction,  corrective action  to 

reduce or l imit the increase in  gas concentration  should  be initiated  immediately.  

NOTE 2 ⎯ Reference ANSI/NFPA 72 for audible and  visual  alarm device detai ls.  

NOTE 3 ⎯ To prevent gas migration  through the conduit and/or cable system,  reference ANSI/NFPA 70 “Canned  Pumps,  

Process,  or Service Connections,  and  …” for additional  requirements on  seals.  

g) The cal ibration  of the combustible gas detection  system should  be checked and/or adjusted  as 
necessary in  accordance with  the manufacturer’s recommendations,  but at least once every three 
months.  Checks and  adjustments should  verify the entire system such  as test fi l ters or by actual  
exposure of the sensor to a known mixture (nominal  50% LFL is recommended) of d i luents and  
methane or other gas anticipated,  in  accordance with  the manufacturer’s recommendations,  but 
at least once every three months.  

NOTE ⎯ Reference ANSI/ISA-1 2.1 3.02 for combustible gas detection  cal ibration  detai ls.  

h) User-provided  systems that bypass the disconnecting  or other “corrective action” devices to al low 
cal ibration  and  maintenance are permitted,  provided  the bypass system is uti l ized  only during  
cal ibration  or maintenance operations,  and  only whi le the area is manned by personnel  who are 
qual ified  to take corrective action  should  there be a malfunction  in  process,  storage,  transfer,  or 
similar equipment that potential ly might release combustible gas into the area.  Any systems in  the 
bypass mode must be made continuously obvious by audible or visual  means to facil i ty 
personnel;  and  the audible or visual  alarm devices must remain  active while the bypass action is 
in  effect.  

NOTE ⎯ Reference ANSI/NFPA 72 for audible and  visual  alarm device detai ls.  

i)  When electrical  equipment is instal led  in  a location  in  accordance with  the requirements of 4.a or 
4.b,  the protected  location  should  contain  no electrical ly heated  parts or components that 
normally operate at a temperature equal  to or above 80% of the autoignition  temperature (in  
degrees Celsius) of the specific gas or vapour involved unless the part or component is Listed for 
Class I ,  Division  2,  (Group and  Temperature Class as appropriate) hazardous (classified) 
locations.  

NOTE – The maximum surface temperature of some parts may not occur unti l  after power is removed,  so the removal  of 

power may not remove al l  sources of thermal  ignition.  

j )  A malfunction  should  activate an  alarm (trouble,  audible and/or visual) as most appropriate for the 
area and  initiate automatic disconnection  of power from al l  electrical  devices in  the area that are 
not suitable for the classification  of the area.   Redundant or dupl icate components (such  as 
sensors) may be instal led  to avoid  process shutdown or disconnecting  electrical  power when 
single component malfunctions are indicated.  When automatic shutdown could  introduce 
additional  or increased hazard,  this method  of protection  should  not be used.   A malfunction  
indication  for this appl ication  should  be treated  as if i t were indication  that combustible gas has 
been detected  and  power should  not be restored  unti l  confirmation  that the space is free of 
combustible gas.  

k) For use of redundant or dupl icate components,  a single diagnostic fault for the 1 -out-of-2 
combustible gas detector configuration  should  activate an  alarm (audible or visual,  or both,  as 
most appropriate for the location).   A second  diagnostic fault condition  should  provide the same 
action  described  in  4.1 (j).  

l )  The combustible gas detection  system should  be configured  in  a fai lsafe de-energized–to-trip 
manner to ensure notification  upon fai lure or trouble condition.  
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4.2 System Architecture 

A gas detection  system includes a group of functional  modules designed  to monitor,  detect and report a 
hazard.  The hardware design  consisting  of individual  components may be arranged in  d ifferent ways.  
Depending  on  actual  devices selected,  components of a functional  module may belong  to different 
hardware components.  
 
Figure 1  (includes Figure 1 a and  1 b) i l lustrates the modules of a gas detection  system and  their relations 
to each other.   These figures are an  example of a typical  system and  are for reference only.   The actual  
system may contain  more or less components than  those indicated depending on  the actual  appl ication.  
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A combustible gas protection  layer typical ly does not stop the propagation  of the accident sequence.  By 
definition,  a successful  combustible gas detection  function  prevents an  already bad  situation  from getting  
worse.   A successful  combustible gas detection  function  prevents a fai lure in  the process containment 
from escalating  to a 1 00% LFL,  fire or explosion.   Mitigation  effectiveness is high  when a potential  hazard  
is detected  and  action  is taken early prior to escalation.   A detection  of a hazard  whi le i t is in  i ts early 
stages should  in itiate process shutdown action  to reduce or el iminate the hazard.  

The fol lowing should  be considered  for risk analysis:  

•  Hazardous Scenario 

•  Detection  Coverage 

•  Combustible Gas System Avai labi l ity 

•  Mitigation  Effectiveness 

4.3 Instal lation  

For guidance on  placement of combustible gas detection  sensors,  reference ANSI/ISA-RP1 2.1 3.02 and   
ANSI/ISA-84.00.01 .  In  addition,  guidance is provided  in  API  RP 1 4C,  API  RP 1 4F,  and  API  RP 1 4FZ.  

Location  of combustible gas detection  sensors depends on  the properties of the gas expected  to be 
released.  Considerations of sensor placement are l isted  in  i tems (a) through (g).  

a) For methane or other l ighter than air gases,  instal l  sensors above potential  sources of release.  

b) For heavier than air gas,  instal l  sensor at a level  about 1  ft above the floor.  

c) Evaluate the venti lation  system and  instal l  sensors to intercept the gas migration along a path  
between potential  sources and  air exhaust outlet.  

NOTE 1  ⎯ Response time,  air velocity compatibi l i ty and  maintenance access should  be basic considerations for sensor 

selection.  

NOTE 2 ⎯ An  increased  test interval  schedule may be necessary for combustible gas sensors appl ied  in  venti lation  

systems.  

d) Locate sensors at exhaust air outlets.  

e) Where the air handl ing  system re-circulates a portion  of room air,  place at least one sensor at the 
return  air inlet.  

f) Model ing  of the potential  l iquid  and/or gas release characteristics and  venti lation  pattern  and  
rates may be a tool  for determination  of sensor placement.  

g) Detector coverage assessment:  

A coverage assessment seeks to determine the degree of coverage of a monitored  area,  with  
potential  for a gas hazard.   The goal  is to determine the fraction  of geometric area within  a 
monitored  area in  which  a release would  be detected.   The factors of a coverage assessment 
include the sensor(s) placement in  the monitored  area,  obstacles that prevent/inhibit detection,  
and  the defined  voting  arrangement for the safety action.   

4.4 Maintenance requirements 

The combustible gas detection  system should  be instal led,  operated,  and  maintained  in  accordance with   
ANSI/ISA-RP1 2.1 3.02,  manufacturers’  instructions or recommended practices developed  for specific 
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appl ications of combustible gas detectors.   The combustible gas detector should  be bump tested  and/or 
cal ibrated  according  to the manufacturer’s instructions,  but at least quarterly,  for the gas or gases that are 
the basis for the classification.  

4.5 Documentation  

The type of detection  equipment,  i ts l isting,  instal lation  location(s),  alarm and  shutdown criteria,  and  
cal ibration  frequency should  be documented  when combustible gas detectors are used  as a protection  
technique.  The documentation  should  be readily available and  be part of maintenance and  safety 
procedures.  A ‘Management of Change’  procedure should  be in  place to insure the documentation  is 
updated  whenever there is a change to the setup.   

5 Live equipment maintenance 

5.1  General  

Combustible gas detection equipment used  to monitor local  conditions as a general  indication  of the 
presence of combustible gas at the place and  time that the permitted  work is being  performed must be 
suitably marked for use in  the hazardous (classified) location.   The combustible gas detection  equipment 
is to be capable of and  calibrated  for detection  of the combustible gas l ikely to be present in  the classified  
area during  the time that the permitted  work is being  performed.   The combustible gas detection  
equipment should  be Listed  for compliance to ANSI/ISA-1 2.1 3.01 .  

Note - The combustible gas detection  equipment may be of portable,  transportable or fixed  point type detection.  

5.2 Gas free work permit (hot work permit) 

The use of combustible gas detection  equipment as a method  of protection  must be applied  in  
accordance with  the documented  management work process (known as the Gas Free Work Permit 
(GFWP) or hot work permit) as described  in  OSHA 29 CFR 1 91 0.1 1 9 (k) or as permitted  by other 
appropriate regulation.  Electrical  equipment that uses an  acceptable method  of protection  that must be 
temporari ly bypassed for maintenance or trouble-shooting  may be operated  in  a hazardous location  with  
the method  of protection  bypassed whi le combustible gas detection apparatus is used  and  monitored  by 
trained  personnel.  In  addition,  any portable electronic devices not suitable for the hazardous (classified) 
location  may be operated  while the combustible gas detection  apparatus is used  to monitor the 
atmosphere within  the workplace.  As a minimum,  the fol lowing should  be incorporated:  

 
a) Al l  portable/transportable gas detection  systems should  be checked for functionality with  a known 

concentration of combustible gas just prior to use in  conjunction  with  a gas free permit to certify 
that a work location  is gas free before the introduction of sources of ignition  into that work area.  

b) In itial  measurements should  be taken to confirm the absence of an  ignitable concentration  of any 
combustible gas throughout the work area.  

c) Continuous monitoring  should  be used  to confirm the continued  absence of a combustible gas.  

d) Monitoring  equipment should  be used  and  monitored  by properly trained  personnel.  

e) Contingency plans for emergencies should  be in  place and  supervisors and  personnel  should  be 
trained  for proper response.  

Annex A provides an  example of a gas free work permit process that incorporates these requirements 
and  restrictions.  Portable combustible gas detection  equipment cannot be used  to provide any means of 
protection  other than under a managed work process or hot work permit situation.  
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6 Combustible gas detection  systems in  adequately venti lated  classified  areas 

The primary protection  against the accumulation  of 1 00% LFL combustible gas concentrations is by 
adequate venti lation,  where adequate venti lation  is defined  as the venti lation  rate (natural  or artificial) that 
is sufficient to prevent the accumulation  of significant quantities of vapor-air or gas-air mixtures in  
concentrations above 25% LFL.  Discussion  of adequate venti lation  is provided  in  API  RP 500,  Section  6.3 
and  API  RP 505,  Section  6.6.  

A space with  venti lation  rate of at least six air changes per hour can  be considered  as adequately 
venti lated  with  no additional  considerations.   

The combustible gas detection  equipment is required  to comply with  the requirements of 4.1 (b).   When 
used  in  conjunction  with  adequate venti lation,  combustible gas detection  equipment provides an  
additional  level  of protection  in  an  area.  

An  additional  benefit is that combustible gas detection equipment can  provide indication  of combustible 
gas levels that are well  below alarm levels (i .e.   5% < LEL < 20%).   Indication  of low levels of combustible 
gas should  be used  to initiate troubleshooting  and  repair activities that would  prevent d isruptive and  costly 
shutdown due to more severe gas leaks.   The appl ications described  in  Clauses 6.1  through  6.3 provide 
enhancement that can  provide for reduced  heating  cost with  reduced outside air changes;  el imination  of 
lost production,  reduced repair costs by identifying  low level  gas leaks early.  

6.1  Adequately venti lated  areas 

Where venti lation  rates are considered  adequate by being  at or in  excess of 6 air changes per hour,  i t is 
recommended  that a combustible gas system that meets the criteria of 4.1  (a) through (l) be uti l ized  in  
areas classified  Class I ,  Division  1  or 2  or Zone 1  or 2  where fire or explosion  hazards exist due to 
flammable gases or vapors.  

a) Disconnection  of electrical  equipment as described  in  4.1  (f) or 4.1 (j) need  not be considered  
upon detection  of combustible gas unless it is coincident with  loss of venti lation.  

b) Upon loss of venti lation  a trouble alarm is to be transmitted  to the control  room or other 
appropriate location.  

6.2 Low venti lation  rates 

Less than six air changes per hour may be employed  and  sti l l  considered  adequately venti lated  provided  
the air exchange rate has been determined  by one of the fol lowing  methods:    

a) Fugitive emission  calculations.    

Where adequate venti lation  rates less than  6 air changes per hour are determined  by fugitive 
emission  calculations,  i t is recommended that a combustible gas system that meets the criteria of 
4.1  (a) through (l)  be uti l ized  in  areas classified  Class I ,  Division  1  or 2  or Zone 1  or 2  where fire 
or explosion  hazards exist due to flammable gases or vapors.  

Most especially i f the venti lation  rate calculated  by the procedure described  in  the referenced 
documents is less than  3 air changes per hour it is highly recommended that continuous 
monitoring  with  fixed  combustible gas detectors be provided  to assure less than 25% LFL is 
maintained.  

NOTE ⎯ Reference API  RP 500,  Section  6.3.2.4.8 or API  RP 505,  Section  6.6.2.4.8 Fugitive Emission  calculation  

methods.  
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b) Recirculation   

Reduced outside air exchange below determined  adequate venti lation  rates may be used  where 
recirculation  of inside air is employed,  provided  al l  the fol lowing criteria are observed:  

1 ) the area is monitored  continuously with  a combustible gas detection  system that meets 
the criteria of 4.1  (b) through (l);  

2) the combustible gas detection  system is set up to automatical ly stop recirculation  and/or 
provide high  level  alarm;  and  

3) the outside air exchange is provided  at six air changes per hour or more if the measured  
level  exceeds 20% LFL (or 1  LFL•m) level.   

Disconnection  of electrical  equipment as described  in  4.1  (f) or 4.1 (l) need  not be considered  upon  
detection  of combustible gas unless i t is coincident with  loss of venti lation.  

Upon  loss of venti lation  a trouble alarm is to be transmitted  to the control  room or other appropriate 
location  to initiate corrective action.  

6.3 Unclassified  locations near potential  combustible gas sources 

Where venti lation  air,  free of ignitable concentrations of flammables is required,  for example,  the 
air intake for a control  room located  in  an  unclassified  location,  near potential  combustible gas 
sources,  gas detection  to monitor the air inlet should  be instal led.   The fol lowing actions should  
be considered  at or below the 20% LFL (or 1  LFL•m) level:  

1 ) Shut down the air intake (close dampers and/or de-energize fan  supply as appropriate) 

2) Shut down the process (to halt the release of combustible gas and  in  preparation  for de-
energizing  the electrical  power system) 

3) De-energize the power to the space and/or release the fire suppression  agent as an  
inerting  agent 

NOTE 1  ⎯ Caution  should  be exercised  when combustible gas sensors are instal led  inside venti lation air ducts or other 
turbulent flow applications.  This equipment and  sensors should  be specifical ly designed,  tested,  and  approved  for low-

level  combustible gas detection  in  turbulent air appl ications to ensure that the actions recommended above wil l  function  
when flammable gasses or vapors are present in  the venti lation  system.  

NOTE 2 ⎯ Consideration  should  be given  to the actions above to ensure that they do not result in  a more hazardous 

condition.  (See Appendix B.) 

NOTE 3 ⎯ Where condensation  of moisture or formation  of frost could  occur,  the equipment used  should  be selected  with  
considerations for prevention,  or toleration  of these conditions.  

Instal lation  of combustible gas detectors in  or adjacent to selected  electrical  equipment may be 
considered  to ensure that i f combustible gas continues to accumulate within  the space,  proper 
choice for disconnection  of electrical  power can be made.  
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Annex A ―  A permit for electrical  work in  classified locations (example) 

Date:    Time applicable:           Location:       Permit #:     

Specific work to be performed:          

           

           
 
Risk category(s) for activity or device:  (Circle one):     Probable(B)  Occasional(C)  Remote(D)  Improbable (E) 

 
Area classification  where work wil l  be performed:  (Circle one):   Division  1 /Zone 1 ,      Division 2/Zone 2       
 

The Risk category selected requires identification  of minimum safeguards for the specific devices and  

activities.    

In itial  those safeguards l isted  below that apply.   

 

____ 1 .  A Job Safety Analysis (JSA) has been conducted  for the specific work to be performed  per this 

permit.  

____ 2.  Appropriate action  has been taken to remove the reason(s) for the Division  1  classification  during  

the activity or device use.  (Examples:  increase venti lation  or el iminate source) 

____ 3.  The person responsible for the work wil l  remain  at the work site while the work is in  progress 

Name:        .  

____ 4.  A combustible gas indicator test wi l l  be conducted  before starting  and  as needed  whi le the work 

is performed.   Proper detector operation  has been  verified.   

Name:        .  

____ 5.  Firefighting  equipment is avai lable in  the vicinity of the work.  

____ 6.  Lockout Tagout (LOTO) has been employed where needed to el iminate potential  electrical  

sources of ignition.  

____ 7.  Other precautions (describe):           

           

 

I t is the responsibi l i ty of the person in  charge of the work to have a copy of this permit before work starts 
and  to ensure that al l  prescribed  precautions are fol lowed.  

             

          GFWP submitted  by                                GFWP approved by 

Exception(s) to above requirements / Justification:           

            

    

Exception(s) approved by:                                                                 

 

NOTE 1  — When a Gas Free Work Permit (GFWP) requires that the location  be tested  with  combustible gas detectors,  fixed  units 

add  to the safety,  but they may not be used  in  l ieu  of portable combustible gas detectors.  

NOTE 2 — I f extension  cords are used  in  conjunction  with  1 20 VAC electrical  tools or other devices,  a Gas Free Work Permit 

(GFWP) is required  if the tool  or device connects to the extension  cord  in  a classified  location.  

NOTE 3 — Connections between extension cords and  devices or tools should  uti l ize locking  means to prevent accidental  

d isconnection.
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Annex B  ⎯ Examples of actions  

Actions taken upon  detection  of combustible gas must be careful ly considered  to ensure that a more 
hazardous condition  is not developed.   For shutdown actions the order in  which  the actions occur could  
increase the release rate of the combustible gas,  remove the di luting  effect of the venti lation  system or 
possibly introduce an  ignition  source in  the presence of combustible gases if performed in  an  improper 
sequence.  Special  appl ication  examples fol low:  

1 .  Combustible gas detected  at the combustion  air intake of an  internal  combustion  engine (turbine 
or reciprocating) wi l l  initiate shutdown of the engine.  

2.  When combustible gas is detected  at the venti lation  air intake to an  unclassified  Control  or 
Electrical  room,  air intake must be halted  to prevent further accumulation  of combustible gas 
within  the room.   Air circulation  may be continued  with  al l  air re-circulating  through the air return  
after the damper for the outside air intake is closed,  to further di lute any accumulation  of 
combustible gas.  

3.  I f there is any chance that combustible gas could  be introduced directly into a Motor Control  
Center or other power equipment i t may be prudent to introduce a purge into the equipment prior 
to de-energizing  the equipment to el iminate ignition  of combustible gas from arcs produced at 
opening  contacts.  
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