
MEETING OF THE 

TECHNICAL CORRELATING COMMITTEE 
ON FIRE AND EMERGENCY SERVICES 

PROTECTIVE CLOTHING AND EQUIPMENT 

October 11-13, 2011 
BALTIMORE, MD 

 

AGENDA 
 

ROP MEETING FOR NFPA 1851, NFPA 1852, NFPA 1855, 
NFPA 1981, NFPA 1982, NFPA 1989, NFPA 1999 

ROC MEETING FOR NFPA 1801 
 
TUESDAY, OCTOBER 11 (continuing through close of business on October 13) 
 

1. 9:00 Call to Order - Chair Bill Haskell 
2. Introduction of Members and Guests 
3. NFPA Staff Liaison Report – Dave Trebisacci 
4. Chair Remarks – B. Haskell 
5. Approval of the TCC Minutes of the May 24-26, 2011 meeting, Colorado Springs  
6.  NFPA Update – Ken Willette, Director, NFPA Public Fire Protection Division (10/11) 
7. Fire Protection Research Foundation Update – Casey Grant (10/12) 
8. ROP on NFPA 1999, Standard on Protective Clothing for Emergency Medical 
 Operations* 
9. ROP on NFPA 1855, Selection, Care, and Maintenance of Protective Ensembles for 
 Technical Rescue Incidents* 
10. ROP on NFPA 1852, Standard on Selection, Care and Maintenance of Open-Circuit  
 Self-Contained Breathing Apparatus (SCBA)* 
11. ROP on NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus  
 (SCBA)* 
12. ROP on NFPA 1989, Standard on Breathing Air Quality for Fire and Emergency Services  
 Respiratory Protection* 
 



13. ROP on NFPA 1851, Standard on Selection, Care and Maintenance of Protective  
 Ensembles for Structural Fire Fighting and Proximity Fire Fighting* 
14. ROP on NFPA 1982, Standard on Personal Alert Safety Systems (PASS)* 
15.  ROC on NFPA 1801, Standard on Thermal Imagers for the Fire Service* 
16.  Chair Reports 

 TC on EMS – B. Haskell  
 TC on ELS – B. Varner  
 TC on HAZ – C. Baxter  
 TC on RPE – D. Rossos  
 TC on SCE – D. Cox  
 TC on SPF – S. King  
 TC on WFF – R. Swan  

17. Old Business 
18. New Business 
 

 Exposure hazards during overhaul 
 TC Chair for EMS 
 TC meetings (mid-2012) 

o Review of recently issued standards 
o Task group assignments 
o TCC issues and requests 
o SCAM documents future planning (SC action on new project requests)   

 Next meeting date and location – January-February 2012 Conference Call; June 
2012, ROCs on NFPA 1999, NFPA 1851, NFPA 1852, NFPA 1981, NFPA 1982, 
NFPA 1855, and NFPA 1989; Public Input (formerly ROP) for NFPA 1975. 
 

19. Adjourn at close of business, October 13, 2011  
 
*Proposals and comments will be sent separately NLT 9/30 



















































































































































Report on Proposals  –  November 2012 NFPA 1851
_______________________________________________________________________________________________
1851-1     Log #CP1  FAE-SPF

_______________________________________________________________________________________________
Technical Committee on Structural and Proximity Fire Fighting Protective Clothing and Equipment,

Review entire document to: 1) Update any extracted material by preparing separate proposals to
do so, and 2) review and update references to other organizations documents, by preparing proposal(s) as required.

To conform to the NFPA Regulations Governing Committee Projects.

The technical committee reviewed the entire document and updated any extracted material by
preparing separate proposals to do so, reviewed and update references to other organizations documents, by preparing
proposal(s) as may have been required.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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Report on Proposals  –  November 2012 NFPA 1851
_______________________________________________________________________________________________
1851-2     Log #CP9  FAE-SPF

_______________________________________________________________________________________________
Technical Committee on Structural and Proximity Fire Fighting Protective Clothing and Equipment,

Revise text to read as follows:
3.3.13.2 Contract Cleaning. Cleaning conducted by a facility outside the organization that specializes in cleaning

protective clothing.
3.3.49 Independent Service Provider (ISP).  An independent third party utilized by an organization to perform any one

or any combination of advanced inspection, advanced cleaning, or advanced repair services.
3.3.49.1 Manufacturer trained ISP.  An independent third party trained by any element manufacturer of the same

element type to conduct cleaning, inspection and basic repair.
3.3.49.2 Verified ISP.  An independent third party verified by a third party certification organization to conduct cleaning,

inspection and repair.
3.3.59.1 Manufacturer trained organization.  An organization trained by any element manufacturer of the same element

type to conduct inspection, cleaning and basic repair.
3.3.59.2 Verified organization.  An organization third party verified by a third party certification organization to conduct

cleaning, inspection and repair.
4.1.4  Manufacturers shall be allowed to exclude proprietary components or specific models from this care and

maintenance program.
4.2.4  Where the organization performs its own repairs or uses an independent service provider (ISP) to perform

garment elements repair services, the organization or ISP shall meet the requirements of Chapter 11, Verification, and
shall be verified by a third-party certification organization.  The repairs identified in Section 8.3 shall be excluded from
this requirement.
4.2.4 The organization shall use one of the following to perform advanced cleaning, advanced inspection and

advanced repair of ensembles and ensemble elements:
(a)* Manufacturer trained organization.
(b)* Manufacturer trained ISP.
(c)* Verified organization.
(d)* Verified ISP

4.2.4.1 Verified organizations or verified ISPs shall meet the requirements of Chapter 11, Verification and shall be
verified by a third-party certification organization.
4.2.4.2 Where the organization is a verified organization or uses a verified ISP for advanced cleaning, advanced

inspection or advanced repairs, approval from the element manufacturer shall not be required.
4.2.4.13 Verified The organizations or verified ISP’s shall receive written verification from the third-party certification

organization to perform garment element advanced cleaning, advanced inspection and advanced repair services.
4.2.4.24* The certification organization’s written verification shall specify the categories of garment element repair the

verified organization or the verified ISP is verified approved to perform and the processes used to perform these
services.
4.2.4.35 The written verification shall indicate that the verified organization or the verified ISP has demonstrated a

working knowledge of Chapter 8, Repair, of this standard as well as the design and performance requirements of NFPA
1971, Standard on Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting.
4.2.4.6 All garment advanced repairs shall be conducted by a verified organization or verified ISP.
4.2.4.7 Manufacturer trained organizations or manufacturer trained ISPs performing advanced cleaning and advanced

inspection shall be trained by an element manufacturer of the same element type or by a verified ISP.   The element
manufacturer or verified ISP shall provide documentation that the organization or ISP has received the necessary
training.
4.2.5  Where the organization performs its own advanced inspection or advanced cleaning, the organization shall be

trained by the ensemble or ensemble element manufacturer or an verified ISP. Where the organization uses an ISP to
perform advanced inspection or advanced cleaning, the ISP shall be trained by the ensemble or ensemble element
manufacturer.
4.2.5.1*  The element manufacturer or ISP training provider shall have instructional delivery requisite knowledge and

skills for an instructor. Documentation shall be provided upon request to the organization and, where applicable, to the
certification organization.
4.4.2* Where the manufacturer’s instructions regarding the care or maintenance of the protective ensembles or

elements differ from a specific requirement(s) in this standard, the manufacturer’s instructions shall be followed for that
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Report on Proposals  –  November 2012 NFPA 1851
requirement.
6.3.1  Advanced inspection and any necessary testing shall be performed by a manufacturer trained organization, a

manufacturer trained ISP, a verified organization or a verified ISP or the organization’s trained personnel.
6.4.1  Complete liner inspection of all garment elements shall be performed by a manufacturer trained organization, a

manufacturer trained ISP, a verified organization or a verified ISP or the organization’s trained personnel.
7.1.9*  When a manufacturer trained ISP or verified ISP is used for contract cleaning or decontamination is used, the

ISP shall demonstrate, to the organization’s satisfaction, that the procedures for cleaning and decontamination do not
compromise the performance of ensembles and ensemble elements.
7.3.1 Advanced cleaning shall be performed by a manufacturer trained organization, a manufacturer trained ISP, a

verified organization or a verified ISP or the organization’s trained personnel.
7.3.1.1 The advanced cleaning shall be managed by a member of the organization or conducted by members of the

organization who have received training in the advanced cleaning of protective ensembles and ensemble elements. The
ensemble or ensemble element manufacturer or verified ISP and the organization shall determine the level of training
required to perform advanced cleaning. The ensemble or ensemble element manufacturer or verified ISP shall provide
written verification of training.
8.1.1 All repairs shall be performed by the original manufacturer, an verified ISP, or a member of the verified

organization who has received training by the manufacturer or by an verified ISP in the repair of ensembles or ensemble
elements.
8.1.5  Due to the different methods of construction, the ensemble or ensemble element manufacturer shall be

contacted if the verified organization or verified ISP is unsure of whether a repair can be accomplished without adversely
affecting the integrity of the ensemble or ensemble element.
8.3 Additional Requirements for Basic Garment Element Repair.
The repairs specified in this section shall be performed by the element manufacturer, by both verified and nonverified

organizations, or by both verified and nonverified ISPs manufacturer trained organizations, manufacturer trained ISP’s,
verified organizations or verified ISP’s. Basic repairs shall be limited to the following:

(1) Patching of minor tears, char marks, and ember burns to a separable outer shell
(2) Repairing of skipped, broken, and missing stitches to a separable outer shell
(3) Replacement of missing hardware, excluding positive closure systems to a separable outer shell
(4) Reclosing of the liner of a garment after inspection

8.4.2  Major repairs to the garment outer shell shall be performed only by the garment element manufacturer or by a
verified ISP consistent with the garment element manufacturer’s methods. The garment element manufacturer shall be
contacted if the organization is unsure of whether a repair is major or minor.
8.4.3*  All repairs to the garment moisture barrier shall be performed only by the garment element manufacturer or by a

verified ISP consistent with the moisture barrier manufacturer’s methods. The organization shall contact the original
garment element manufacturer if the organization is unsure as to whether an area to be repaired contains a moisture
barrier.
8.4.6  Restitching of more than 25 continuous mm (1 continuous in.) of a Major A seam shall require consulting the

garment element manufacturer or shall be performed by the garment element manufacturer or by a verified ISP and
shall be conducted in a manner consistent with the garment element manufacturer’s methods.
8.4.7 Repairs to Major B seams in the moisture barrier shall require consulting the garment element manufacturer and

shall be conducted in a manner consistent with the barrier manufacturer’s recommendations. be repaired or altered only
by the garment element manufacturer or by a verified ISP and shall not be repaired by the organization unless the
organization is also a verified ISP.
8.4.7.1  Repairs to Major B seams in the thermal liner that do not affect any moisture barrier material shall be

permitted. Restitching of more than 25 continuous mm (1 continuous in.) of any Major B seams shall require consulting
the garment element manufacturer or shall be performed by the garment element manufacturer or by a verified ISP and
shall be conducted in a manner consistent with the garment element manufacturer’s methods.
8.4.9  If replacing trim necessitates sewing into a Major A seam, trim replacement shall be conducted in a manner

consistent with the garment element manufacturer’s methods. done only by the garment element manufacturer or by a
verified ISP unless the organization is also a verified ISP.
8.4.10*  Replacement zippers shall be installed in a manner consistent with the garment element manufacturer’s

method of construction. If the complexity of the repair is uncertain, the garment element manufacturer shall be
consulted. Zippers that are part of a positive closure system shall not be replaced by the organization unless the
organization is also a verified ISP.
8.5.2*  Where there is indication of a crack, dent, abrasion, bubbling, soft spot, discoloration, or warping in the helmet

shell, the helmet element manufacturer or manufacturer trained ISP or verified its designated ISP shall be contacted to
determine serviceability.
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Report on Proposals  –  November 2012 NFPA 1851
8.7.2  Other than the replacement of bootlaces and zipper assemblies, all repairs to boots shall be performed by the

footwear element manufacturer or manufacturer trained ISP or verified its designated ISP.
11.1.1.1 Verification of the organization or ISP shall be limited to include advanced inspection, advanced cleaning and

advanced repairs of garment elements only. Verification of the organization or ISP shall not apply to helmet elements,
glove elements, footwear elements, hood element, or optional CBRN ensembles.
11.1.1.2 The verification listing shall contain the repair categories that the organization or the ISP is verified to conduct.

Repair categories shall be garment outer shell repairs, garment moisture barrier repairs, and garment thermal barrier
repairs.
11.1.4  All verified organizations or ISPs shall be listed by the certification organization. The listing shall contain the

repair categories that the organization or the ISP is verified to conduct. Repair categories shall be garment outer shell
repairs, garment moisture barrier repairs, and garment thermal barrier repairs.
11.1.5 The certification organization shall not issue any new verifications to the 2008 edition of NFPA 1851, Standard

on Selection, Care and Maintenance of Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting, on
or after the NFPA effective date for the 2013 edition which is [NEW EFFECTIVE DATE TO BE INSERTED]
11.1.6 Organizations or ISP’s verified to the 2008 edition of NFPA 1851, Standard on Selection, Care and Maintenance

of Protective Ensembles shall undergo verification to the 2013 edition of NFPA 1851 within 6 months of the NFPA
effective date for the 2013 edition which is [NEW EFFECTIVE DATE TO BE INSERTED]
11.3.7 For verification of an organization’s or an ISP’s advanced cleaning services, the certification organization shall

evaluate the organization’s or ISP’s procedures in accordance with Section 7.3 of this standard.
11.3.8 For verification of an organization’s or an ISP’s advanced inspection services, the certification organization shall

evaluate the organization’s or ISP’s procedures in accordance with Sections 6.3 and 6.4 of this standard.
11.3.9 11.3.7 For verification of an organization’s or an ISP’s repair services, the following series of tests shall be

required for each repair category for which the organization or the ISP is verified. Testing shall be conducted using new
materials as outlined in Table 11.3.9 11.3.7(a) through Table 11.3.9 11.3.7(c).
Renumber Table 11.3.7 (a) through (c) as Table 11.2.9 (a) through (c).
11.3.9.1 11.3.7.1 For repairs to tears in the outer shell, moisture barrier, and thermal barrier, the certification

organization shall create the tear in the material(s) to be repaired in accordance with Figure 11.3.9.1 11.3.7.1.

****EXISTING FIGURE 11.3.7.1 TEAR REPAIRS HERE AND RENUMBER AS 11.3.9.1****

11.3.9.2 11.3.7.2 For moisture barrier hole repairs, the certification organization shall create the hole in the material(s)
to be repaired in accordance with Figure 11.3.9.2 11.3.7.2.

****EXISTING FIGURE 11.3.7.2 HOLE REPAIRS HERE AND RENUMBER 11.3.9.2****

11.3.9.3 11.3.8 The certification organization shall not allow test specimens that have been conditioned and tested for
one method to be reconditioned and tested for another test method unless specifically permitted in the test method.
11.3.10 11.3.9 The organization or the ISP shall maintain all inspection and test data from the certification organization

used in the verification of the organization’s or the ISP’s services. The organization or ISP shall provide such data, upon
request, to the purchaser or authority having jurisdiction.
11.3.11 11.3.10 All repair categories that are verified in accordance with this standard shall undergo verification on an

annual basis.
A.4.2.4(a) A manufacturer trained organization receives training from an element manufacturer or a verified ISP in

cleaning, inspection and repair services.  For garment elements, this entity has not received any formal verification from
a third party certification organization.
A.4.2.4(b) A manufacturer trained ISP receives training from an element manufacturer or a verified ISP in cleaning,

inspection and repair services.  For garment elements, this entity has not received any formal verification from a third
party certification organization.
A.4.2.4(c) A verified organization has demonstrated the ability to conduct cleaning, inspection and repairs to a third

party certification organization in accordance with this standard and is not required to have the approval of the element
manufacturer to perform these services.
A.4.2.4(d) A verified ISP has demonstrated the ability to conduct cleaning, inspection and repairs to a third party

certification organization in accordance with this standard and is not required to have the approval of the element
manufacturer to perform these services.
A.4.2.4.24 The end user should always request a product verification the list of repair categories for which the verified

ISP is approved to perform from the ISP.
A.4.2.5.1  Requirements for instructional delivery requisite knowledge and skills can be found in NFPA 1041, Standard
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Report on Proposals  –  November 2012 NFPA 1851
for Fire Service Instructor Professional Qualifications. An Instructor II level or equivalent is recommended.
A.4.4.2 It should be noted that the intent of this requirement is not to allow manufacturers to dictate which ISP an

organization must use.  The organization is allowed a choice in service providers for cleaning, inspection and repairs.
A.6.3.2.1 For any inspection program to be effective, ensembles and ensemble elements should be evaluated by

trained individuals. The individuals evaluating the ensembles and ensemble elements should understand the limitations
of each element and recognize the signs of failure. Utilizing trained individuals provides consistency on whether an item
should be repaired or retired. The manufacturer or verified ISP and the organization should determine the level of
training required to perform advanced inspections. Resources for training that should be considered, as a minimum, are
the manufacturer(s) of the elements in use; the Fire and Emergency Manufacturers and Services Association (FEMSA)
user guides; NFPA 1500, Standard on Fire Department Occupational Safety and Health Program; and professional
cleaning and repair facilities.
A.8.2.4  Although some hardware can be replaced in the field, it should be noted that field application might not be as

permanent or as strong as when the hardware is replaced at the factory, by a verified organization, or by a verified ISP.
A.11.2.5  The contractual provisions covering verification programs should contain clauses advising the verified

organization or verified ISP that, if requirements change, the process should be brought into compliance with the new
requirements by a stated effective date through a compliance review program involving all currently verified repairs.
Without such clauses, certification organizations would not be able to move quickly to protect their names, marks, or
reputations. A verification program would be deficient without these contractual provisions and the administrative means
to back them up.
A.11.2.12  Such inspections should include witnessing of advanced cleaning, advanced inspections and advanced

repairs and review of the quality management system.

The technical committee is providing the following modifications in order to further clarify and expand
the requirements for verification, ISP’s and organizations.  This language is intended to clarify what entities can perform
various functions and the level of training needed and who can provide this training.

Affirmative: 27  Negative: 2
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

LAKEY, S.:  3.3.49 Change Advanced repair to Basic repair when "ISP" is not used in conjunction with Verified.
OLIVER, A.:  4.2.4, (b) - Manufacturer Trained ISP should be limited to basic repairs as there is no oversight of these

companies.  If this category is needed to expand choice for organizations, the manufacturer trained ISP should be held
to the same testing time frame as Verified ISP's.  The manufacturer trained ISP should be required to be trained by the
manufacturer at the manufacturer's facilities and subject to both an on-site practical and written test annually or every 23
months as proposed.  In addition, the manufacturer should provide the trained ISP a certificate that indicates an
expiration date of 12 months or to correspond with the 1851 standard revision cycle.  Manufacturers should also be
required to provide a public list of their manufacturer trained ISP's to assist in market oversight.
8.4.2 Delete "Major".  The word "major" implies an advanced repair can be completed by a manufacturer trained
organization or ISP.
8.4.3  - Moisture barrier repairs should be considered Advanced repairs and subject to 4.2.4.6

STULL, J.:  The committee should endeavor to create parity for the requirements of verification affecting both ISPs and
organizations, such that one group of providers does not have a distinct advantage over others. Specific qualifications
are needed for verification of inspection and cleaning capabilities.
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_______________________________________________________________________________________________
1851-3     Log #42  FAE-SPF

_______________________________________________________________________________________________
Jason L. Allen, Intertek Testing Services

New text to read as follows:
An additional layer of outer shell, moisture barrier, thermal barrier, and visibility marking material that is

placed on top of a damaged area of a garment for the purposes of making a repair.
Patches do not include moisture barrier seam sealing tape in the case of repairs made on moisture

barrier material using moisture barrier seam sealing tape.
A definition of patch is needed. It could be misconstrued that a patch includes moisture barrier seam

sealing tape. The definition is needed for clarification for the acceptability of repairs.

The definition for patch is not required, see 1851-32 (Log #43).

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-4     Log #1  FAE-SPF

_______________________________________________________________________________________________
Glossary of Terms Technical Advisory Committee,

Revise text to read as follows:
3.3.36* Flame resistance (protective apparel).  The property of a material whereby combustion is prevented,

terminated, or inhibited following application of a flaming or non-flaming source of ignition, with or without subsequent
removal of the ignition source. Flame resistance can be an inherent property of a material, or it can be imparted by
specific treatment. (See also 3.3.50, Inherent Flame Resistance.)
A.3.3.36 Flame resistance can be an inherent property of the textile material, or it can be imparted by specific

treatment.
It is important to have consistent definitions of terms within NFPA.  The term flame resistance is widely

used in the documents associated with protective apparel.  NFPA definitions should be in a single sentence.  Most
NFPA definitions of “flame resistance” and uses of the term are in the documents associated with firefighters/first
responders. In general, for other uses the term has been replaced and previous references to flame resistance are now
being replaced by references to materials that meet the requirements of NFPA 701.  It is likely that the documents
associated with first responders would like to retain this concept and therefore the definition is being modified with a
qualifier and with an annex note for the second sentence. Also, a recommendation is being made that NFPA 1500 be
the primary document responsible.  The definition is included in NFPA 1851, 1951, 1971, 1975, 1977, 2112 and 2113.

Revise text to read as follows:
3.3.36* Flame resistance (protective clothing and equipment).  The property of a material whereby combustion is
prevented, terminated, or inhibited following application of a flaming or non-flaming source of ignition, with or without
subsequent removal of the ignition source. Flame resistance can be an inherent property of a material, or it can be
imparted by specific treatment. (See also 3.3.50, Inherent Flame Resistance.)
A.3.3.36 Flame resistance can be an inherent property of the textile material, or it can be imparted by specific treatment.

The technical committee accepted the proposal in principle, and provided the revised text of
Section 3.3.36 (see meeting action). The term "protective clothing and equipment" is more applicable to NFPA 1971,

, than protective apparel. The
submitter also proposes removing the sentence that states that flame resistance can be inherent or can be imparted to
the Annex, which is appropriate as well. This change is in agreement with similar proposals reviewed by the NFPA 1951
Special Operations Technical Committee.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-5     Log #20  FAE-SPF

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
Where the organization performs its own advanced inspection, advanced cleaning or basic repair, the organization

shall be trained by the ensemble or ensemble element manufacturer, a Verified ISP or an ISP. Where the organization
uses an ISP to perform advanced inspection, or advanced cleaning or basic repair, the ISP shall be trained by the
ensemble or ensemble element manufacturer.

The standard creates two categories of Independent Service Provider (ISP) — Verified ISP and ISP.
A Verified ISP has annual testing of repairs, facility inspection and their Quality Manual audited to verify continued
compliance of all services provided. An ISP has not been evaluated for compliance to the standard; therefore should be
trained by the manufacturer to perform these services and to to train organizations to perform them. Manufacturer
training should not be required by Verified ISPs.

The technical committee accepted the proposal in principle. See 1851-2 (Log #CP9).

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-6     Log #32  FAE-SPF

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

Change 5.1.2(6) to read "* Specific physical area of operation" Renumber current (6) as (7).
Add new paragraph to A.5.1.2.(6):  One of the hazards faced by firefighters is being struck by vehicular traffic.  The

high visibility materials required on firefighter PPE effectively enhance visual conspicuity  during the variety of fireground
operations.  The continuous use of high visibility garments is one component of a strategy to mitigate risks from
struck-by hazards, which are known to cause serious firefighter injuries and fatalities on an annual basis.  Additional
high visibility requirements for firefighters on or near roadways are regulated by the Federal Highway Administration's
Manual on Uniform Traffic Control Devices (MUTCD, 2009 version).  It is the responsibility of the authority having
jurisdiction (AHJ) to specify appropriate high visibility apparel from the available garment options, if any, and based on a
risk assessment, to establish policies for use in accordance with prevailing regulations (the MUTCD) and in compliance
with applicable standards (e.g., NFPA 1971, ANSI/SEA 107, ANSI/SEA 207, et.).
Ordinary firefighter protective ensembles many not permit firefighter to float and are likely to impact the safety of

firefighters if they fall into water.  The use of personal flotation devices may need to be considered for operations near
water ways.  Personal flotation devices must comply with applicable U.S. Coast Guard Regulations.
Firefighters operating at elevation may need some form of fall protection, which may or may not be incorporated into

their protective clothing.  Consideration must be given to devices that comply with NFPA 1983.
The need for additional safety equipment may vary with the physical location of the firefighter. In

particular, specific person-position hazards such as operating near vehicle traffic, waterways, or at elevation warrant
consideration of additional PPE such as supplemental high visibility apparel, personal flotation devices, or fall protection.

Change 5.1.2 (6)* to read "Specific physical area of operation."
Renumber current (6) as (7).
Add new paragraph to A.5.1.2.(6):
A.5.1.2 (6) Examples of physical areas of operations include but are not limited to:
a) One of the hazards faced by firefighters is being struck by vehicular traffic.  The high visibility materials required on
firefighter PPE effectively enhance visual conspicuity  during the variety of fireground operations.  The continuous use of
high visibility garments is one component of a strategy to mitigate risks from struck-by hazards, which are known to
cause serious firefighter injuries and fatalities on an annual basis.  Additional high visibility requirements for firefighters
on or near roadways are regulated by the Federal Highway Administration's Manual on Uniform Traffic Control Devices
(MUTCD, 2009 version).  It is the responsibility of the authority having jurisdiction (AHJ) to specify appropriate high
visibility apparel from the available garment options, if any, and based on a risk assessment, to establish policies for use
in accordance with prevailing regulations (the MUTCD) and in compliance with applicable standards (e.g., NFPA 1971,
ANSI/SEA 107, ANSI/SEA 207, et.).
b) The use of personal flotation devices may need to be considered for operations near water ways.
c) Firefighters operating at elevation may need some form of fall protection, which may or may not be incorporated into
their protective clothing.

The technical committee accepted the proposal in principle, and provided amended text to the
submitted Annex item.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-7     Log #17  FAE-SPF

_______________________________________________________________________________________________
Karen E. Lehtonen, LION

New text to read as follows:
5.1.6.1* As a minimum the organization shall ensure the proper overlap between ensemble elements being used,

including but not limited to coat to hood and helmet, coat to pant, coat to glove, and pants to footwear.  Any other
specialty equipment being used shall also be considered to ensure the equipment does not interfere with the proper
function and interface of the protective ensemble or ensemble elements.

Additional attention should be given to the interface areas between elements during the selection
process.  Specific reference to the interface areas should be called out in this standard to ensure the proper attention is
given.

Delete asterisk to 5.1.6
Delete A.5.1.6.
Delete existing text in 5.1.6, and replace with the following:
5.1.6 The organization shall ensure the proper interface between ensemble elements, including but not limited to coat to
hood and helmet, coat to pant, coat to glove, and pants to footwear. Any other specialty equipment being used shall also
be considered to ensure the equipment does not interfere with the proper function and interface of the protective
ensemble or ensemble elements.

The technical committee accepted the proposal in principle, and provides revised clarifying text
as shown in the meeting action.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-8     Log #2  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

Revise text to read as follows:
Exposed or deformed steel-toe, steel-midsole, or shank.
New / Exposed or deformed protective toe, protective midsole, or shank.

The document assumes that boots will always use steel to protect the toe and midsole. The standard
should allow for other technologies that may replace steel.

Revise text to read as follows:
6.2.2.5(3)(c)  Exposed or deformed steel protective toe, steel protective midsole, or shank.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-9     Log #3  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

Add - Separation or peeling of aluminized fabric.
Peeling and separation of the fabric has been observed during inspeclion of aluminized fabric. Issue

appears in both new and used fabric.

Add a new 6.2.3.1(3) Delamination as evidenced by separation or peeling of the outer shell.

The technical committee added the term delamination, and revised the text to add clarity to the
intent of the paragraph.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-10     Log #4  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

Add - Separation or peeling of aluminized fabric.

Peeling and separation of the fabric has been observed during inspection of aluminized fabric. Issue
appears in both new and used fabric.

Add a new 6.2.3.3 (3) Delamination as evidenced by separation or peeling of the outer shell.
Renumber subsequent.
Add a new 6.2.3.2 (3) Delamination as evidenced by separation or peeling of the outer shell.
Renumber subsequent.

The technical committee added the term delamination, and revised the text to add clarity to the
intent of the paragraph. The the TC also added the same text to 6.2.3.2 (3).

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-11     Log #21  FAE-SPF

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
Advanced inspection and any necessary testing shall be performed by a verified ISP, ISP, or the organization's trained

personnel.
The standard must clearly delineate the differences between ISP and verified ISP, and the fact that the

ISPs which are under no scrutiny must have manufacturers' training to perform advanced inspection and to train
organizations on advanced inspection. Verified ISPs on the other hand have chosen to invest in developing NFPA 1851
compliant processes and have chosen to have these processes scrutinized and deemed acceptable by a third party
certification organization.

The technical committee accepted the proposal in principle. See 1851-2 (Log #CP9).

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-12     Log #16  FAE-SPF

_______________________________________________________________________________________________
Karen E. Lehtonen, LION

Revised text to read as follows:
Advanced inspections of all protective ensemble elements, even if not issued and used, shall be conducted at a

minimum of every 12 months, or whenever routine inspections indicate that a problem could exist.
There is confusion in the field regarding this paragraph and if advanced inspections are required

annually even if the ensemble or ensemble element is not issued or used.  The added language is intended to clarify the
committee intent assuming the advanced inspection is required annually regardless of the element being issued or
used.  See also 7.3.3 for reference.

Revise text to read as follows:
6.3.3* Advanced inspections of all protective ensemble elements that are issued shall be conducted at a minimum of
every 12 months, or whenever routine inspections indicate that a problem could exist.
A.6.3.3 If ensemble elements have been issued, they are not reserve, and are intended to be subjected to the advanced
inspection.
6.3.3.1 Ensemble elements that have been properly stored in accordance with Chapter 9 and are not being used, are
not required to be subjected to advanced inspection.
6.2.1 Individual members shall conduct a routine inspection of their protective ensembles and ensemble elements upon
issue and after each use.

The technical committee accepted the proposal in principle, and provided the text as shown in
the meeting action to address the issue. Clarification provided by the TC resulted in language to specify when advanced
inspections are necessary for issued ensemble elements.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-13     Log #5  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

The findings of the advanced inspection shall be documented on an inspection form.
Add: This form may be paper, electronic or any type of permanent record.

The statement causes the user to assume they must use a paper form.

Revise 6.3.4 as follows:
6.3.4 The findings of the advanced inspection shall be documented. on an inspection form.

The technical committee accepted the proposal in principle and revised the text of 6.3.4. The
TC agrees that the paragraph causes the user to assume they must use a paper form.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-14     Log #33  FAE-SPF

_______________________________________________________________________________________________
Stacy Trenkamp, University of Kentucky Textile Testing Laboratory

Add new text to read as follows:
The advanced inspection shall include, as a minimum, the inspections specified in 6.3.5.1 through 6.3.5.7 and

for garment elements only the testing specified in Section 12.1 and Section 12.2.
Section 12.2

It is important to realize that this field evaluation procedure can produce results that are inconsistent with
more comprehensive or sophisticated testing and might detect only the worse-case failure areas. To perform more
sophisticated testing of the moisture barrier, the garment manufacturer should be contacted for advice.

If there are questions about using an alcohol-tap water mixture for evaluating the protective garment, the
garment manufacturer should be contacted directly for advice
Add new Annex text:

Loss of integrity can be determined by a field test evaluation of the moisture barrier using the Leakage
Evaluation Test. It is important to realize that this field evaluation procedure can produce results that are inconsistent
with more comprehensive or sophisticated testing and might detect only the worse-case failure areas. The procedure in
this section is based on Section 12.2 of NFPA 1851 2008 Edition. It is recommended that this section be moved to the
annex because the Leakage Evaluation Test is an easy and inexpensive indicator of leakage for field evaluations;
however, the study from the Firefighter Durability Study Phase I shows that the Water Penetration Barrier Evaluation
shows more accurate results.
For this testing, at a minimum, the front and back body panels of each protective garment should be evaluated using

three different moisture barrier material areas. Liner evaluations areas should be from high-abrasion areas of the
garment, including, but not limited to:
(1) Broadest Part of the shoulders
(2) Back waist area of the coat
(3) Knees
(4) Crotch Area
(5) Seat Area
In addition to the areas listed where potential damage to the garment outer shell or thermal barrier has been detected,

the evaluation should be conducted on the corresponding area of the moisture barrier. Where potential damage to the
garment moisture barrier has been detected, the evaluation should also be conducted on that area.
The liner composite should be positioned in the evaluation apparatus so that the moisture barrier is oriented upward and
is contacted with the liquid exposure in the evaluation apparatus. An alcohol-tap water solution should be made by
combining 1 part rubbing alcohol, 70 percent isopropanol alcohol with 6 parts tap water. If there are questions about
using an alcohol-tap water mixture for evaluating the protective garment, the garment manufacturer should be contacted
directly for advice. A 5 gal bucket or similar container should be used to support the liner during evaluation. The
evaluation should be performed at room temperature. The evaluation should be conducted using the following
procedure:
(1) If possible, separate the liner from the outer shell.
(2) Orient the liner such that the moisture barrier is on the outside.
(3) Position the dry liner over the bucket with the thermal barrier facing down and the moisture barrier side facing up.
(4) Cup the liner area that is being evaluated, so that it is lower than the surrounding liner.
(5) Pour 1 cup of the alcohol-tap water mixture onto the moisture barrier in the cupped area of the liner.
The liner should be visually inspected for leakage on the thermal barrier side after 3 minutes. If any liquid passes

through the moisture barrier and wets the thermal barrier, the liner should be removed from service and repaired or
replaced. After the evaluation procedure has been performed, the liner shall be cleaned and allowed to completely dry to
remove all traces of the alcohol-tap water mixture.

It is proposed and recommended to remove the Leakage Evaluation Test from the body of the
Standard and revise/enter the test into the annex. The Durability Study (Phase I) conducted at the University of
Kentucky did not show a strong correlation between the Water Penetration Barrier Evaluation and the Leakage
Evaluation tests, indicating that the accuracy of the Leakage Evaluation Test is not reliable enough for placement in the
body of the text. The study documented that 32% of the moisture barriers tested failed the Leakage Evaluation Test,
where as 66% of the same moisture barriers tested failed the Water Penetration Barrier Evaluation. A high concentration
of failures in the Water Penetration Barrier Evaluation occurred at moisture barrier seams; therefore, it is being
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recommended that the Leakage Evaluation Test be moved to the annex of NFPA 1851. This would provide a simple and
inexpensive test to be conducted on moisture barrier fabrics as a field evaluation/inspection.

This is an appropriate field test and does not exclude the use of a more stringent hydrostatic
test.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-15     Log #6  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

ADD - Label integrity and legibility

Label integrity and legibility is required for record keeping.

Add a new 6.3.5.2 (8)* Label integrity and legibility
Asterisk 6.3.5.2 (8) and add an Annex item
A.6.3.5.2 (8) If a label problem is identified, the organization should contact the manufacturer of the ensemble or
ensemble element.

The technical committee accepted the proposal in principle, and added a new list item and
Annex item.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-16     Log #7  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

ADD - Label integrity and legibility

Label integrity and legibility is required for record keeping.

Add a new 6.3.5.3 (13)* Label integrity and legibility
Asterisk 6.3.5.3 (13) and add an Annex item
A.6.3.5.3(13) If a label problem is identified, the organization should contact the manufacturer of the ensemble or
ensemble element.

The technical committee accepted the proposal in principle, and added an explanatory Annex
item.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

14Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1851
_______________________________________________________________________________________________
1851-17     Log #8  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

ADD - Label integrity and legibility
Label integrity and legibility is required for record keeping.

Add a new 6.3.5.4 (8)* Label integrity and legibility
Asterisk 6.3.5.4 (8) and add an Annex item as follows:
A.6.3.5.4(8) If a label problem is identified, the organization should contact the manufacturer of the ensemble or
ensemble element.

The technical committee accepted the proposal in principle, and added an explanatory Annex
item.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-18     Log #9  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

ADD - Label integrity and legibility

Label integrity and legibility is required for record keeping

Add a new 6.3.5.5 (10)* Label integrity and legibility
Asterisk 6.3.5.5 (10) and add an Annex item
A.6.3.5.5(10)* If a label problem is identified, the organization should contact the manufacturer of the ensemble or
ensemble element.

The technical committee accepted the proposal in principle, and added a new list item and
explanatory Annex item.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-19     Log #10  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

ADD - Label integrity and legibility
Label integrity and legibility is required for record keeping

New 6.3.5.7(5) Label integrity and legibility
Asterisk 6.3.5.7(5) and add an Annex item
A.6.3.5.7(5) If a label problem is identified, the organization should contact the manufacturer of the ensemble or
ensemble element.

The technical committee accepted the proposal in principle, and added a new list item and
explanatory Annex item.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-20     Log #11  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

Add - Separation or peeling of aluminized fabric.
Peeling and separation of the fabric has been observed during inspection of aluminized fabric. Issue

appears in both new and used fabric.

Add a new 6.3.6.1(3) Delamination as evidenced by separation or peeling of the outer shell.
The technical committee added the term delamination, and revised the text to add clarity to the

intent of the paragraph.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-21     Log #12  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

Add - Separation or peeling of aluminized fabric.
Peeling and separation of the fabric has been observed during inspection of aluminized fabric. Issue

appears in both new and used fabric.

Add a new 6.3.6.2(5) Delamination as evidenced by separation or peeling of the outer shell.
The technical committee added the term delamination, and revised the text to add clarity to the

intent of the paragraph.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-22     Log #13  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

Add - Separation or peeling of aluminized fabric.
Peeling and separation of the fabric has been observed during inspection of aluminized fabric. Issue

appears in both new and used fabric.

Add a new 6.3.6.3(5) Delamination as evidenced by separation or peeling of the outer shell.
The technical committee added the term delamination, and revised the text to add clarity to the

intent of the paragraph.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-23     Log #14  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

Add - Separation or peeling of aluminized fabric.
Peeling and separation of the fabric has been observed during inspection of aluminized fabric. Issue

appears in both new and used fabric.

Add a new 6.3.6.5(3) Delamination as evidenced by separation or peeling of the outer shell.
The technical committee added the term delamination, and revised the text to add clarity to the

intent of the paragraph.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-24     Log #34  FAE-SPF

_______________________________________________________________________________________________
Stacy Trenkamp, University of Kentucky Textile Testing Laboratory

Revise text to read as follows:
A complete liner inspection of all garment elements shall be conducted at a minimum after 3 2 years in service

and annually thereafter or whenever advanced inspections indicate that a problem might exist. The liner system shall be
opened to expose all layers for inspection and testing.

It should be noted that this standard’s requirement that a complete liner inspection be performed after the first
3 2 years of service and every year thereafter should not negate the necessity of conducting a complete liner inspection
sooner than the required time frame if circumstances or appearances dictate. For example, inside layers that show
marked discoloration or physical deterioration should trigger a complete liner inspection.

We recommended changing the liner inspection from after three years of service to two years of
service based on findings of the Water Penetration Barrier Evaluation conducted in the Firefighter Durability Study
Phase I. In this study, it was found that 53% of garments in the 2-3 year age category leaked during the Water
Penetration Barrier Evaluation. Since over half of the moisture barriers had water penetration after the evaluation, it is
recommended that a liner inspection be completed after two years in service for the safety of the firefighter and for
preventative measures against burn injury.

The technical committee rejected the proposal because it believes that the 3 year requirement
is sufficient.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-25     Log #30  FAE-SPF

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

Revise text to read as follows:

The moisture barrier liner shall be tested using the hydrostatic test to evaluate the water penetration barrier
evaluated for liquid leakage, as specified in Section 12.3 Section 12.2 and shall show no leakage.

If leakage of the liner is found, then those portions of the liner showing leakage shall be further evaluated
using the hydrostatic test of the moisture barrier as specified in Section 12.3 to determine the specific areas of leakage.

The results of the hydrostatic testing shall be used to make a determination if the liner can be repaired or
must be replaced.

This evaluation method shall apply to moisture barrier materials and moisture barrier seams in
structural or proximity fire fighting protective garment elements that are in service and are found to be leaking as a result
of the leakage evaluation applied during the advanced inspection.

The same areas of the garment liner that have been found to leak when tested during advanced inspection
using the leakage evaluation in 12.2 shall be evaluated.

The tested areas shall coincide with the center of the test areas evaluated in accordance with 12.2.
A preliminary study has shown that the hydrostatic test identifies leaks in the moisture barrier that are

unlikely to result in liquid exposure of the wearer. End users are finding higher than expected failure rates in hydrostatic
testing of moisture barriers. These failures apply to material as well as seams and are leading to higher maintenance
costs and lower perceptions of barrier quality. A significant number of the failures cannot be identified visually.
Moreover, there is often no apparent damage or exposure/use history that can be cited to explain the specific location of
the identified failures. Garments that show hydrostatic failures often seem to be still completely serviceable by the
respective end users, with no associated complaints of liquid leakage into the garments. In limited testing, garments that
show hydrostatic failures have not been shown to have corresponding failures within the Whole Garment Integrity Test
(Shower Test) or in other tests that attempt to simulate fireground liquid exposures.
The proposed changes rely on the leakage evaluation (puddle test) to identify potential failure areas of the liner and

moisture barrier. Where leakage is found, it is recommended that the water penetration barrier evaluation be applied to
determine the specific areas of leakage in the moisture barrier.

The technical committee rejected the proposal because it believes this is not just a test for
water leakage. The hydrostatic test is a more reproducible test than the puddle test.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

STULL, J.:  The action on this proposal is inconsistent with the approach being proposed for NFPA 1855. No changes
have been accepted with respect to the procedures used for integrity checks of the moisture barrier. The current
procedures do not reflect industry practice by ISPs and other organizations and should be given further consideration.
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_______________________________________________________________________________________________
1851-26     Log #31  FAE-SPF

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

Revise text to read as follows:
The moisture barrier shall be tested using the hydrostatic test to evaluate the its resistance to water penetration

barrier, as specified in Section 12.3 and shall show no Type 2 leakage.
(3) Visually inspect the visible side of the moisture barrier after 15 seconds to determine if water penetration

has occurred and rate any water penetration according to the instructions provided in 12.3.4.2.
Rate the observed water penetration for leak location, time of leak, and type of leak according to Table

12.3.4.2.

******Insert Table 12.3.4.2 Here******

Any test location that shows a Type 2 rating for any of the rating categories (leak location, time of leak, and
type of leak) shall be classified as Type 2 leakage.

If any water passes through any Type 2 leakage is found for the moisture barrier or moisture barrier seam, the
liner shall be removed from service and repaired or replaced.

The system for applying a pass/fail determination for hydrostatic testing of garment moisture barrier
and moisture barrier seams during the complete liner inspection does not account for the potential contribution of the
leak to the overall integrity of the garment and its ability to prevent liquid contact with the wearer. Small, non-visible
pinhole leaks randomly located on the liner do not result in exposure of the wearer when evaluated under simulated
liquid exposure conditions. In contrast, leaks which are visible, which readily occur, and which occur allowing relatively
large volumes of liquid do result in potential exposure of the wearer to liquids. The proposed system of rating the
damage at the leak location, the onset of leakage, and the type of leak provides discrimination for the significant and
potential safety associated with leaks identified by a rigorous hydrostatic test method.

The technical committee rejected the proposal, and believes that it represents a major change
in the standard without any supporting data.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

OLIVER, A.:  Reporting more detailed levels of failure will assist organizations, along with input from their ISP, in
determining whether further investment in the element is both safe and economical.  In addition,  the failure levels with
help indicated the type of repairs are needed or whether moisture barrier replacement is needed.  This type of reporting
should be encouraged by organizations from their service providers.
STULL, J.:  Hydrostatic testing has a potentially high impact on firefighter safety and the costs of clothing maintenance.

There are also concerns about how the identification of leaks relate to firefighter exposure. While it prudent for the
committee to reject the proposed change on the basis of no supporting data, the committee should endeavor to address
this topic in a manner which provides an appropriate level of safety and practicality.
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Table 12.3.4.2 ─ System of Rating Moisture Barrier Leaks During Hydrostatic Testing 
 Leak Location Time of leak Type of leak 
Type 1 No apparent visible 

damage 
During full applied 
pressure 

1 to 3 water droplets form; 
thin water stream from 
pinhole 

Type 2 Visible damage at 
location of leak 

Before full applied 
pressure 

More than 4 water droplets 
form; test basin fills with 
water 
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_______________________________________________________________________________________________
1851-27     Log #38  FAE-SPF

_______________________________________________________________________________________________
Daniel J. Gohlke, W.L. Gore & Assoc., Inc.

Revise text to read as follows:
6.4.5.2 delete "and shall show no leakage."
Delete old 12.3.5.1.
New 12.3.5.1 Moisture barriers shall be repaired or replaced if leaks appear in every test site or 4 or more leaks appear

in any one test site.
Delete old 12.3.5.2.
New 12.3.5.2 After testing, and before repairing if needed, the liner shall be allowed to dry completely before being

returned to service.
The existing criteria for determining whether a moisture barrier needs to be repaired or replaced has

led to unnecessary repairs and replacements of moisture barriers.  This proposition is supported by observations in the
industry of garments performing very satisfactorily or effectively in use, but still incurring repair costs when maintained
according to NFPA 1851.  Some departments have chosen not to implement NFPA 1851, or not to implement it fully,
because of this discrepancy.  There also seems to be no evidence or correlation between the level of scrutiny required
by NFPA 1851 and actual exposure of the fire fighter on the fire ground to liquids, whether by rain, chemical or blood.  In
fact, NFPA 1851 actually creates a higher level of scrutiny than does NFPA 1971 for the new garment.  Is it
unreasonable to have a zero defect exception, when even the FDA does not require zero defects in barriers used in
operating room gowns?  Even vapor tight suits (NFPA 1991) are allowed lo leak, i.e. they are allowed a pressure decay
rate in the inflation test.  NFPA 1994 garments specify different levels of protection, non of them absolute.  Therefore, it
seems reasonable to conclude that for structural fire fighting garments not every and all water leaks found according to
Clause 12.3 lead to exposure on the fire ground.  There are multiple possible modifications to the inspection regime that
would alter the current level of required scrutiny.  This proposal suggests that the criterion for implementing repairs be
graded, so that serious flaws and failures get required as they should be but that inconsequential ones (e.g. single
pinholes?) do not mandate repair or replacement.

The technical committee rejected the proposal, and believes that it represents a major change
in the standard without any supporting data.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

STULL, J.:  See my Comment on Affirmative on Proposal 1851-26  (Log #31).
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_______________________________________________________________________________________________
1851-28     Log #22  FAE-SPF

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
Advanced cleaning and any necessary testing shall be performed by a verified ISP, ISP, or the organization's trained

personnel.
The standard must clearly delineate the differences between ISP and verified ISP, and the fact that the

ISPs which are under no scrutiny must have manufacturers' training to perform advanced cleaning and to train
organizations on advanced cleaning. Verified ISPs on the other hand have chosen to invest in developing NFPA 1851
compliant processes and have chosen to have these processes scrutinized and deemed acceptable by a third party
certification organization.

The technical committee accepted the proposal in principle. See 1851-2 (Log #CP9).

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-29     Log #15  FAE-SPF

_______________________________________________________________________________________________
James M. Baker, TotalCare

New text to read as follows:
7.3.7(10)
ADD – Cleaning and soaking agents shall not leave any residue or cause any degrading of the ensemble of ensemble

elements

Preliminary testing of some products show a residue after cleaning. This issue is of particular concern
with the moisture barrier. It appears that this residue can cause premature seam tape failures.

The technical committee rejected the proposal. The TC believes that there is no way to check
for residue, and that most  laundry cleaning agents will leave a residue and add to degradation.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-30     Log #23  FAE-SPF

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
All repairs shall be performed by the original manufacturer, a Verified ISP, and ISP, or a member of the organization

who has received training by a manufacturer, a Verified ISP, or by an ISP in the repair of ensemble or ensemble
elements.

The standard must clearly delineate the differences between ISP and verified ISP, and the fact that
ISPs which are under no scrutiny must have manufacturers' training to perform basic repairs and to train organizations
on basic repairs. Verified ISPs on the other hand have chosen to invest in developing NFPA 1851 compliant processes
and have chosen to have these processes scrutinized and deemed acceptable by a third party certification organization.

The technical committee accepted the proposal in principle. See 1851-2 (Log #CP9).

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-31     Log #CP3  FAE-SPF

_______________________________________________________________________________________________
Technical Committee on Structural and Proximity Fire Fighting Protective Clothing and Equipment,

Revise 8.2.3 as follows:
8.2.3 Add to end of this paragraph: For any tears, char marks, ember burns and abraded areas that require a patch

larger than 160 cm2 (25 in2), the manufacturer or the verified ISP, in conjunction with the organization, shall be
consulted.
8.2.3 Delete "32 cm2 (5 in2)" and replace with "160 cm2 (25 in2)"

The proposed change clarifies the procedures for repairs larger than 160 cm2 (25 in2). In 8.2.3 the
intent was to allow a 5 square inch patch but in the standard it is currently written as 5 in2, not 25 in2.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-32     Log #43  FAE-SPF

_______________________________________________________________________________________________
Jason L. Allen, Intertek Testing Services

New text to read as follows:
Where moisture barrier tears, holes, or abrasions are being repaired, the applied seam tape shall extend at

least 18 mm (3/4 in.) in all directions beyond the edge of the patch or the repaired damage.
The current language in 8.2.3.1 implies that the moisture barrier seam sealing tape must extend 1 inch

beyond the edge of the patch or the repaired area of damage; however, the majority of moisture barrier sealing tapes
are not sufficiently wide enough to provide this amount of overlap. Furthermore, the required test for efficacy of repairs
addressed in Table 11.3.7(c) provides a relatively rigorous demonstration of continued moisture barrier performance.

Add new text to read as follows:
8.2.3.4 Where moisture barrier tears, holes, or abrasions are being repaired, a single width of seam tape shall be used
and shall be required to extend at least 12.5 mm (1/2 inch) in all directions beyond the edge of the repaired damage.
Where the moisture barrier has a hole or abrasion measuring more than 12.5 mm (1/2 inch) in diameter in any direction
or a tear greater than 3 inches in length, a patch consisting of the same moisture barrier fabric shall be used for repair.

The technical committee accepted the proposal in principle, and added a second clarifying
sentence to the new paragraph 8.2.3.4.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

24Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1851
_______________________________________________________________________________________________
1851-33     Log #39  FAE-SPF

_______________________________________________________________________________________________
Daniel E. Nichols, Roosevelt Fire District

Revise text to read as follows:
10.1.2 Structural fire fighting ensembles and ensemble elements protective garments, structural firefighting protective

gloves, and structural fire fighting protective hoods shall be retired in accordance with 10.2.1, no more than 10 years
from the date the ensembles or ensemble elements were manufactured.
10.1.3 Proximity fire fighting ensembles and ensemble elements protective garments, proximity fire fighting protective

gloves, and proximity fire fighting protective hoods shall be retired in accordance with 10.2.1, no more than 10 years
from the date the ensembles or ensemble elements were manufactured.
10.1.4 Structural fire fighting protective helmets and proximity fire fighting protective helmets shall be retired at a time

frame determined by the organization, taking into consideration to condition and maintenance record of such elements.
10.1.4.1 Ear covers of fire fighting protective helmets and proximity fire fighting protective helmets shall be retired in

accordance with 10.2.1, no more than 10 years from the date the ensemble elements were manufactured, and shall be
replaced in accordance with Chapter 8.
[Renumber subsequent sections]

The 2007 edition placed a finite retirement date on firefighting gear, 10 years from manufacturer.
Reviewing the committee documents from last cycle and the information found in the 1851 annex, the information
seems to stem from the maintenance and care of textile-based gear components; namely coats and pants. I did not see
any compelling information to the need to retire helmets after 10 years of manufacturer. Helmets are not susceptible to
sunlight and UV rays as garments, do not flex like garments, and are not degraded by the cleaning process as garments
(1851 has specific cleaning processes for helmets). Helmet inspections are much easier to complete than garments, as
the failure points found in 1851 include many things that you can see with the naked eye (cracks, bulges, broken
hardware, chipped paint, missing components, separating shells and outer layers).
Furthermore, helmets are crafted using various materials; leather, Kevlar, and fiberglass-composites. I did not find any

information that these materials degraded similar to the outer shell or liners of protective garments.
This issue is important to us for two reasons. First, we buy helmets at a bulk rate to get a lower price since we do not
need to buy a sized helmet for most of our incoming volunteer members. We have helmets that may be in their original
factory boxes for 2-3 years prior to distribution. Being subjected to absolutely no hazards, we have needlessly lost out
on using these helmets for their intended lifespan. Secondly, we have bought helmets that we have seen last longer
than other, particularly leather helmets. We made a significant investment in some of our helmets being leather due to
the increased durability we have seen with these helmets.
To specifically address the ear covers, which are made and have the similar properties of garments, we have proposed

the 10 year retirement and mandatory replacement of these in this proposal.
It is our opinion that a blanket 10 years for all helmets is not warranted due to the vast different between garments and

helmets as well as the current blanket requirement not taking into account the different materials a helmet can be
constructed from. The proposed language allows the organization to determine the life cycle of helmets, based on
maintenance, use, materials, and idle (storage) time.
Thank you for your consideration.

The technical committee rejected the proposal, and directs the reader to 1851-36 (Log #18).

Affirmative: 28  Negative: 1
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

MELIA, D.:  There is no scientifically-validated data that shows that a fire helmet degrades over a 10 year period to the
point of failure.  Many helmets are still in excellent condition after 10 years and are being forced into retirement by this
standard.  The committee without any hard data is putting a financial burden on the fire service.  With all the
technological advances seen over the last 20 years I find it hard to comprehend how the manufacturers and testing labs
cannot develop a non destructive test that would show a fire helmet can still provide the needed protection for a
firefighter after 10 years.  An example would be football helmet testing.  The expense to the fire service to be forced to
replace a fire helmet that still provides adequate protection is unacceptable.
Having one blanket retirement age for all components of this standard puts an undue burden on the fire service.  It is
well accepted that gloves will never make it to 10 years.  A well made helmet does provide the needed protection for
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longer than 10 years with a documented  inspection, care and maintenance program in place.  The goal is to provide
safe equipment for the people wearing the gear.  I know several larger departments that have decided not to follow the
guidelines established by the NFPA because they cannot afford to replace helmets that are still being maintained and
continue to provide adequate protection.

_______________________________________________________________________________________________
1851-34     Log #CP10  FAE-SPF

_______________________________________________________________________________________________
Technical Committee on Structural and Proximity Fire Fighting Protective Clothing and Equipment,

10.1.2 and 10.1.3:
Change "10.2.1" in each of these paragraphs to read "10.2.1 or 10.2.2."

The technical committee is proposing these changes to indicate that in certain situations structural fire
fighting ensembles and ensemble elements may be used in non-live fire training.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-35     Log #36  FAE-SPF

_______________________________________________________________________________________________
Stacy Trenkamp, University of Kentucky Textile Testing Laboratory

Revise text to read as follows:
Structural fire fighting ensembles and ensemble elements shall be retired in accordance with 10.2.1, no more

than 10 years from the date the ensembles or ensemble elements were manufactured.
Structural fire fighting garments shall also be retired prior to the 10 years from date of manufacture in the

event the garment has sustained damage such that it is beyond repair. Additional factors to consider shall include but
not be limited to physical damage, thermal damage, or excessive soil build up to any or all of the layers.

According to the Fire Fighter Durability Study Phase I completed at the University of Kentucky, 23 of
the 40 retired garments collected were retired prior to the 10 years from the date of manufacture.  The reason for
retirement varied and 57% of these retired garments did not meet one or more of the NFPA 1851 Advanced Inspection
Requirements. 
Soiled ensembles and ensemble elements typically reflect less radiant heat. After materials are saturated with
hydrocarbons, they tend to absorb rather than reflect the radiant heat from the surrounding fire. Ensemble and
ensemble elements contaminated with hazardous bodily fluids could spread contaminants in the fire station and or living
areas if a firefighter wears it again. Ensembles and ensemble elements impregnated with oil, grease, and hydrocarbon
deposits from soot and smoke can ignite and cause severe burns and injuries, even if the materials are normally flame
resistant.

The technical committee rejected the proposal because it believes this is covered elsewhere in
the standard (see paragraph 10.1.4).

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-36     Log #18  FAE-SPF

_______________________________________________________________________________________________
Karen E. Lehtonen, LION

Revised text to read as follows:
10.1.2* Structural fire fighting ensembles and ensemble elements shall be retired in accordance with 10.2.1, no more

than 10 years from the date the ensembles or ensemble elements were manufactured. Structural fire fighting
ensembles and ensemble elements that have followed the cleaning, inspection and repair requirements of this standard
at least annually shall be retired 10 years from the date the ensemble or ensemble element was issued to be worn.
Structural fire fighting ensembles and ensemble elements that have not followed the cleaning, inspection and repair
requirements of this standard at least annually shall be retired no more than 10 years from the date the ensembles or
ensemble elements date of manufacture.
10.1.3* Proximity fire fighting ensembles and ensemble elements shall be retired in accordance with 10.2.1, no more
than 10 years from the date the ensembles or ensemble elements were manufactured. Proximity fire fighting ensembles
and ensemble elements that have followed the cleaning, inspection and repair requirements of this standard at least
annually shall be retired 10 years from the date the ensemble or ensemble element was issued to be worn.  Proximity
fire fighting ensembles and ensemble elements that have not followed the cleaning, inspection and repair requirements
of this standard at least annually shall be retired no more than 10 years from the date the ensembles or ensemble
elements date of manufacture.

Ensembles and Ensemble elements that at least annually have been properly cared for, inspected and
maintained in accordance with the requirements of this standard should be allowed to be retired more than 10 years
after placement in service.  By following a program for inspection, care and maintenance as outlined in this standard
there is a protocol that has been established for proper review of the ensemble or ensemble element to ensure its
continued fitness for use.  In the absence of a care and maintenance program then the element should be required to be
retired 10 years from the date of manufacture.

The technical committee spent considerable time discussing the issue of mandatory retirement.
The technical committee is rejecting this proposal and is making no changes to the retirement criteria based on the
following factors:
(1) Since the NFPA standards are revised every five years, the ten years represents two revision cycles which
incorporate significant enough performance enhancements in ensembles and ensemble elements to warrant retirement
of PPE 10 years from the date of manufacture.
(2) In the absence of a scientifically-validated test method that would support modifying or eliminating the current
mandatory retirement of 10 years, the Technical Committee confirmed the existing 10 year requirement for all PPE.
(3) In the absence of a non-destructive test or evaluation method that can conclusively and reliably determine PPE
remains compliant with the performance requirements in place at the time of manufacture, the committee continues to
support the existing retirement criteria.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-37     Log #24  FAE-SPF

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
Verification of the organization or ISP shall be limited to advanced inspection, advanced cleaning and repairs of

garment elements only. Verification of the organization or ISP shall not apply to helmet elements, glove elements,
footwear elements, hood element, or optional CBRN ensemble.

The standard contains redundant training requirements for Verified ISPs. Presently Verified ISPs have
non-brand specific repair testing to ensure they meeting performance criteria established by the standard, but must seek
training from each brand manufacture to clean and inspect the garments that they have demonstrated competence to
repair. Although verification testing is specific to garment repairs, the scope of verification covers all operational
processes and the quality system since they are required to be documented in a Quality Manual. Once annually, the
third party certification organization performs a random inspection of the facility and audits the Quality Manual to verify
continued compliance for all services provided. This means that advanced inspection and advanced cleaning, in addition
to repairs, are scrutinized for NFPA 1851 compliance and deemed acceptable by a third party certification organization.
Advanced inspection and advanced cleaning training by each individual brand manufacturer should not be required for
Verified ISPs.

The technical committee accepted the proposal in principle. See 1851-2 (Log #CP9).

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-38     Log #48  FAE-SPF

_______________________________________________________________________________________________
Jason L. Allen, Intertek Testing Services

Revise text to read as follows:
The certification organization shall have a follow-up inspection program of the organization’s or the ISP’s

facilities of the compliant services with at least one random and unannounced visit per 12 month period annually to
verify continued compliance.

The proposed change will permit more flexibility in the scheduling of audits.

Revise text to read as follows:
The certification organization shall have a follow-up inspection program of the Verified organization’s or the

Verified ISP’s facilities of the compliant services with at least one random and unannounced visit per 12 month period
annually to verify continued compliance.

The technical committee accepted the proposal in principle and agrees with the intent of the
proposal. However, the TC offered alternative language to clarify the issue.

Affirmative: 28  Negative: 1
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

LAKEY, S.:  there are Federal Agencies that require the Verified ISP's currency to be within the 12 month period and
do not recognize a facility that is past their due date typed on the verification certificate. The cause and effect would be
the Verified ISP to lose a customer. Case example would be a Nuclear Energy Site run on Strict SOP's.
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_______________________________________________________________________________________________
1851-39     Log #44  FAE-SPF

_______________________________________________________________________________________________
Jason L. Allen, Intertek Testing Services

New text to read as follows:
Outer shell, thermal barrier, and moisture barrier material shall be selected for verification testing such that

the materials have breaking strengths that are in excess of the respective seam requirements for seams constructed of
these materials.

For example, if an outer shell is evaluated for seam strength and is required to have a seam strength that is
greater than 667 N (150 lb), then the outer shell material must have a breaking strength that is at least 667 N (150 lb).

In the evaluation of repaired seams, it is important that the quality of the seam be evaluated through its
ability to meet the respective strength requirements in paragraph 7.1.1.3, as specified in NFPA 1971, if seams are
constructed of a fabric that has a breaking strength that is less than the required seam strength, the breaking of the
fabric along the seam does not permit an adequate evaluation of the organization of ISP’s ability to properly repair the
seam.

The technical committee rejected the proposal because NFPA 1971,
, has a provision for the seam to be stronger than the

material, which is why it is allowed here. This could require a repaired seam to be stronger than a new seam.

Affirmative: 28  Negative: 1
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

STULL, J.:  The requirement in NFPA 1971 is recognized; however, the objective of verification is to permit an
independent assessment of the ISP or organization to conduct a valid repair. This can only be confirmed by the
quantitative measurement of seam strength. In this circumstance, certainly the failure of the seam before the base
material is one proof that seam repair quality is deficient. However, it does not provide an objective basis for assessing
seam quality.
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_______________________________________________________________________________________________
1851-40     Log #45  FAE-SPF

_______________________________________________________________________________________________
Jason L. Allen, Intertek Testing Services

New text to read as follows:
Sample seams shall be prepared by the organization or the ISP that have been certified as compliant with the

applicable requirements of NFPA 1971.
It shall be permitted that sample seams be provided to the certification organization from a manufacturer of

NFPA 1971 compliant garments.
If an ISP provides repairs for several different manufacturers, then only one set of seam samples shall be

required for testing.
No instructions are currently provided in NFPA 1851 for how and who creates the seam samples for

verifying the repair capabilities of the organization of ISP. The above instructions are intended to clarify the
responsibilities for the source of seam samples and issues related to testing ISPs that service multiple manufacturer
garments.

Add new text to read as follows:
11.3.7.3 Sample seams shall be prepared and submitted to the certification organization by a NFPA 1971 certified
manufacturer, verified organization, or verified ISP submitting the seams for verification testing.
11.3.7.3.1 Where a verified organization or verified ISP performs repairs for more than one manufacturer, then only one
set of seam samples shall be required for verification testing.

The technical committee accepted the proposal in principle, and added the clarifying text as
shown in the meeting action.

Affirmative: 27  Negative: 2
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

LAKEY, S.:  NFPA 8.2.1 States that the repair  shall be performed in the manner and using like materials as the
garment element manufacturer which includes Seams. Sample seams should not be treated any differently than a seam
used in actual repair situations. We are Testing for  Competency in performing actual repairs.
OLIVER, A.:  Professional ISP's that decide to obtain third party verification should be required to have the equipment

and the ability to create their own seam samples in order to become verified.
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_______________________________________________________________________________________________
1851-41     Log #49  FAE-SPF

_______________________________________________________________________________________________
Jason L. Allen, Intertek Testing Services

New text to read as follows:
For repairs to outer shell and thermal barrier seams, the certification organization shall create defects in

sample seams by removing multiple stitches such that the seam would not longer be compliant in terms of its seam
strength.

No instructions are currently provided in NFPA 1851 for how and who creates the seam samples for
verifying the repair capabilities of the organization or ISP. The above instructions are proposed so that the certification
organizations can consistently provide samples for verification of seam repair

Add new text to read as follows:
11.3.7.3.3 For outer shell and thermal barrier seam repairs, the certification organization shall damage the sample
seams by cutting multiple stitches to a distance of 75 mm (3 in.) + 12.5 mm /-0.00 mm (+1/2 in/-0 in).

The technical committee accepted the proposal in principle, and added new clarifying text to
this section.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-42     Log #46  FAE-SPF

_______________________________________________________________________________________________
Jason L. Allen, Intertek Testing Services

New text to read as follows:
For repairs to moisture barrier seams, the certification organization shall create defects in sample seams by

cutting multiple stitches through the seam tape such that the seam would no longer be compliant in terms of its seam
strength.

No instructions are currently provided in NFPA 1851 for how and who creates the seam samples for
verifying the repair capabilities of the organization or ISP. The above instructions are proposed so that the certification
organizations can consistently provide samples for verification of seam repair.

Add new text to read as follows:
11.3.7.3.2 For moisture barrier seam repairs, the certification organization shall damage the sample seams by cutting
multiple stitches and the seam tape to a distance of 75 mm (3 in.) + 12.5 mm /-0.00 mm (+1/2 in/-0 in).

The technical committee accepted the proposal in principle, and provides the new text in this
section to address the issue.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-43     Log #41  FAE-SPF

_______________________________________________________________________________________________
Jason L. Allen, Intertek Testing Services

Revise text to read as follows:
In Table 11.37(a), insert (“Major A)” after “5 ft felled seam” and “(Minor)” after “5 ft overedge seam.”

Clarification of the appropriate seam requirements is required in the table on Outer Shell Repairs. An
overedge seam is a hem type seam, sometimes used in pockets, and does not result in immediate danger to the wearer
when it ruptures.

It was the intent of the technical committee to evaluate overedge seams to the Major B
performance requirements.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-44     Log #40  FAE-SPF

_______________________________________________________________________________________________
Jason L. Allen, Intertek Testing Services

Revise text to read as follows:
In Table 11.3.7(b), insert “(Major B)” after “5 ft felled seam” and “(Minor)” after “5 ft overedge seam.”

Clarification of the appropriate seam requirements is required in the table on Thermal Liner Repairs.
An overedge seam is a hem type seam and does not result in immediate danger to the wearer when it ruptures.

It was the intent of the technical committee to evaluate overedge seams to the Major B
performance requirements.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-45     Log #19  FAE-SPF

_______________________________________________________________________________________________
Rick Mansfield, Apex Fire Services

Revise text to read as follows:
All repair categories that are verified in accordance with this standard shall undergo verification on an annual basis.

whenever a revised NFPA 1851 standard is issued, the physical facility of the verified ISP is moved to a new location,
and/or the named ISP changes its business name.

Current annual certification is an economic burden on ISPs and end users.  Requiring ISPs to
re-certify driven upon logical events would make providing services to end users more affordable as well as make it
more cost effective for larger end users to become an ISP.

The technical committee rejected the proposal because it believes that annual retesting is
necessary in order to verify ongoing compliance.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-46     Log #47  FAE-SPF

_______________________________________________________________________________________________
Jason L. Allen, Intertek Testing Services

New text to read as follows:
If the ISP changes the designated person, the ISP shall notify the certification organization of the change and

provide information to demonstrate that the person’s understanding of the ISP’s quality system.
The current language appears to imply that the verification in contingent on a single individual as

responsible for the quality system and does not account for changes made by the ISP for this responsibility.

Add new text as follows:
If the Verified ISP or Verified organization changes the designated person, the Verified ISP or Verified

organization shall notify the certification organization.

The technical committee accepted the proposal in principle and agrees with the intent of the
proposal. However, the TC offered alternative language to clarify the issue.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-47     Log #CP5  FAE-SPF

_______________________________________________________________________________________________
Technical Committee on Structural and Proximity Fire Fighting Protective Clothing and Equipment,

Revise 12.1.5.3. Delete "advanced" and add "complete liner."
This change is being proposed to correct an error. Correct reference should be to a complete liner

inspection.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-48     Log #28  FAE-SPF

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

Add new item (x) after (3) in 12.2.4.2:
(x) Use light clamps or other means to help stabilize and position the tested area on the bucket.

This item is suggested as a means for improving the practicality and precision of the test.

The technical committee rejected the proposal. This is intended to be a simple and quick field
test not requiring the use of clamps.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

STULL, J.:  This information could be made advisory by placing it in the annex. Organizations that have not routinely
performed these tests could use whatever advice makes the test easier and clamps could assist organization in more
consistently carrying out this test.

_______________________________________________________________________________________________
1851-49     Log #27  FAE-SPF

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

Revise text to read as follows:
12.2.5.1 The liner shall be visually inspected for leakage on the thermal barrier side after 3 1 minutes.

Some experimentation has shown that a one minute dwell time can show leaks that would result in
exposure of the wearer under actual use conditions. A one minute test time makes it easier to provide a more efficient
evaluation of the garment. In addition, a similar proposal has been put forward in the inspection of liners for technical
rescue garments.

The technical committee rejected the proposal because no technical data was submitted in
support of the change in test time.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

STULL, J.:  A decision will be made for pursuing this proposed change with the provision of existing data.
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_______________________________________________________________________________________________
1851-50     Log #29  FAE-SPF

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

Add new 12.2.5.3, renumber and re-title current 12.2.5.3 as "12.2.6 Returning Garment to
Service.":
12.2.5.3 It shall be permitted to use blotting to aid in the detection of wetting on the face cloth side of the thermal

barrier. If blotting is used, a soft tissue shall be used and lightly presses against the thermal barrier for 5 seconds. If
wetness appears on the tissue, the thermal barrier shall be considered to have been wetted and the liner shall be
removed from service and repaired or replaced.

In some cases, wetting of the thermal barrier can be difficult to detect. The current 12.2.5.3 is not
related to the results of the testing.

The technical committee rejected the proposal. This is intended to be a simple and quick field
test for the end user. The TC also believes that the paragraph is appropriate as written.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-51     Log #CP11  FAE-SPF

_______________________________________________________________________________________________
Technical Committee on Structural and Proximity Fire Fighting Protective Clothing and Equipment,

Asterisk 4.4.2, and add an Annex paragraph as follows:
A.4.4.2* It should be noted that the intent of this requirement is not to allow manufacturers to dictate which ISP an

organization must use. The organization is allowed a choice in service providers for repairs, cleaning and inspection.

The technical committee is proposing this Annex paragraph to clarify its intent to allow the organization
to choose its service providers for repairs, cleaning and inspection.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-52     Log #26  FAE-SPF

_______________________________________________________________________________________________
Tim J. Gardner, 3M Occupational Health and Environmental Safety Division

Add new text at the end of the last paragraph in the section:
With proper care, visibility markings on turnout gear can provide long service, often as long as the service life of the

ensemble itself.  Attention during inspection should be paid to sections which show evidence of damage, abrasion, or
stains/discoloration.  With proper maintenance, the performance of visibility markings on the ensemble can be
maintained at a high level.

This statement is consistent with findings of the recent in-use garment study performed by the
University of Kentucky.

Add new text to the end of Annex item:
A.6.3.5.1(9):
Attention during inspection should be paid to sections which show evidence of damage, abrasion, excessive soiling, or
stains/discoloration. With proper care, visibility markings on turnout gear can provide long service, often as long as the
service life of the ensemble itself.

The technical committee accepted the proposal in principle, and added "excessive soiling" to
the list of sections.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-53     Log #37  FAE-SPF

_______________________________________________________________________________________________
Stacy Trenkamp, University of Kentucky Textile Testing Laboratory

Visibility markings can appear to the human eye to be undamaged when actually they
have lost much of their ability to reflect. Retroflective properties can be checked with the following simple flashlight test:
(1) Stand approximately 12 m (40 ft) from a sample of the trim being tested and a sample of new trim.
(2) Hold a bright, focused flashlight at eye level, either next to the temple or on the bridge of the nose, and aim the light

beam at the samples.
(3) Compare the brightness of the reflected lights. If the reflected light from the trim being tested is substantially less

than the light reflected from the new trim, the trim should be replaced.
This field evaluation test provides effective and timely results while allowing the evaluator to physically view the

reflective trim as it is seen by the naked in eye in real, working situations.
While this simple test provides a practical evaluation of trim retroflective performance, it does not evaluate trim

fluorescence or mean that the trim will provide adequate fire fighter visibility.  Trim can lose fluorescence (daytime
visibility) and still remain retroflective. Trim can also appear to be retroflective and not have sufficient intensity for
nighttime visibility at far distances. Only testing under laboratory conditions can provide an accurate determination of
trim visibility properties.

The Fire Fighter Durability Study Phase I completed at the University of Kentucky completed this field
evaluation test on 67 garments used in the study. All garments passed the field evaluation test, and it was noted that
some of the samples that did not perform as well had soiling or thermal damage visible to the eye. This information
supports that the field evaluation on trim is effective and gives the fire fighter confidence that their gear will perform the
way it’s supposed to.

Revise A.6.3.5.1(9) as follows:
Visibility markings can appear to the human eye to be undamaged when actually they have lost much of

their ability to reflect. Retroflective properties can be checked with the following simple flashlight test:
(1) Stand approximately 12 m (40 ft) from a sample of the trim being tested and a sample of new trim.
(2) Hold a bright, focused flashlight at eye level, either next to the temple or on the bridge of the nose, and aim the light
beam at the samples.
(3) Compare the brightness of the reflected lights. If the reflected light from the trim being tested is substantially less
than the light reflected from the new trim, the trim should be replaced.
This field evaluation test provides effective and timely results while allowing the evaluator to physically view the
reflective trim as it is seen by the naked eye.
While this simple test provides a practical evaluation of trim retroflective performance, it does not evaluate trim
fluorescence or mean that the trim will provide adequate fire fighter visibility.  Trim can lose fluorescence (daytime
visibility) and still remain retroflective. Trim can also appear to be retroflective and not have sufficient intensity for
nighttime visibility at far distances. Only testing under laboratory conditions can provide an accurate determination of
trim visibility properties.

The technical committee accepted the proposal in part, and deleted the proposed text "in real,
working situations." The TC believes that this sentence better states the proposal.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-54     Log #CP4  FAE-SPF

_______________________________________________________________________________________________
Technical Committee on Structural and Proximity Fire Fighting Protective Clothing and Equipment,

Add new Annex text as follows:
A.6.4.3.1*  The two year requirement for the complete liner inspection after moisture barrier replacement is to ensure

that the thermal barrier – which has not been replaced but has remained in service – continues to be inspected in a
timely manner, as opposed to going another three years without being inspected.

The technical committee is proposing to add explanatory text to the Annex for 6.4.3.1.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

_______________________________________________________________________________________________
1851-55     Log #CP6  FAE-SPF

_______________________________________________________________________________________________
Technical Committee on Structural and Proximity Fire Fighting Protective Clothing and Equipment,

Asterisk 6.4.5.1 and add an Annex paragraph A.6.4.5.1:
A.6.4.5.1 The ability to inspect the interior sides of the liner for the moisture barrier and thermal barrier may be

accommodated by the presence of an inspection opening designed by the manufacturer that is built into the protective
element. The location and method for securing this opening will vary with the manufacturer’s design. However, the intent
of this feature is to permit the organization conduct the inspection to invert the liner so that the interior sides of the
moisture barrier and thermal barrier can be readily inspected. If the protective element is not provided with an inspection
opening, the organization conducting the complete liner inspection may be required to remove a portion of the seam in
the lining to permit opening the lining and allow its inversion for inspecting the interior sides of the moisture barrier and
thermal barrier. The procedures used for removing the lining seam should conform to those procedures specified by the
manufacturer of the protective element and should account for practices that minimize the damage and allow for ease of
reconstructing the seam of the liner to limit any decrement of protective element performance or integrity.

The proposed Annex language provides additional details for how the complete liner is inspected.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

STULL, J.:  The tentative acceptance of this suggested information by the committee is appreciated.
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_______________________________________________________________________________________________
1851-56     Log #35  FAE-SPF

_______________________________________________________________________________________________
Stacy Trenkamp, University of Kentucky Textile Testing Laboratory

Revise text to read as follows:
The importance of maintaining the cleanliness of ensembles and ensemble elements should not be

underestimated. Studies have shown that soiled or contaminated ensembles and ensemble elements are a hazard to
fire fighters because soils and contaminants can be flammable, toxic, or carcinogenic. Additionally, soiled or
contaminated ensembles and ensemble elements can have reduced protective performance. Clean ensembles and
ensemble elements offer the emergency responder better protection and can add to the life of the ensemble and
ensemble elements. Ensembles and ensemble elements should be cleaned whenever they have become soiled.
In everyday use, personal protective equipment becomes dirty by absorbing sweat from the wearer and soils, soot, and

so forth from the outside environment. Cleaning of ensembles and ensemble elements removes those substances.
Ensembles and ensemble elements can also become contaminated with other substances, principally hazardous
materials, particulates, and body fluids. The removal of these substances is most often referred to as .
In structural and proximity fire fighting, both general cleaning and decontamination of ensembles and ensemble
elements might be necessary.

Soiled or contaminated ensembles and
ensemble elements can expose fire fighters to toxins and carcinogens that enter the body through ingestion, inhalation,
or absorption. Repeated small exposures to some contaminants can add up over time and cause health problems.
Although great emphasis is placed on safety to avoid injury or inhalation hazards to personnel working on the fire
ground, many of the toxins that lead to health risks are being carried away from the fire scene on personal protective
equipment used by the fire fighter.
Toxins that a fire fighter will come into contact with can be trapped in the fibers of soiled ensembles and ensemble

elements or absorbed into the materials themselves. Contact with the soiled ensembles and ensemble elements
increase the risk of the toxic contaminants being introduced into the body.
Ensembles and ensemble elements contaminated with body fluids presents a potential risk of a communicable disease

being transmitted to the person coming into contact with the contaminated ensembles or ensemble elements.
When ensembles or ensemble

elements become laden with particles and chemicals, other problems are faced in addition to being exposed to toxins,
such as the following:
(1)  Soiled ensembles and ensemble elements typically reflects less radiant heat. After materials are saturated with

hydrocarbons, they will tend to absorb rather than reflect the radiant heat from the surrounding fire.
(2)  Ensembles and ensemble elements heavily contaminated with hydrocarbons are more likely to conduct electricity,

increasing the danger when entering a building or vehicle where wiring can still be live.
(3)  Ensembles and ensemble elements impregnated with oil, grease, and hydrocarbon deposits from soot and smoke

can ignite and cause severe burns and injuries, even if the materials are normally flame resistant.
Even though the number of specialized hazardous materials response teams is growing, individual fire fighters can still

encounter various chemicals in their normal fire-fighting activities. Exposures to oils, gasoline, and lubricants can occur
around fire station vehicles. During responses, exposures to liquids ranging from pesticides to acids to chemical
solvents can occur, knowingly or unknowingly. These contaminants, in addition to being hazardous, can also degrade
ensembles and ensemble elements as follows:
(1)  Clothing fabrics can become weakened and tear more easily.
(2)  Thread or seam sealing tape can become loose.
(3)  Flame-retarding or water-repelling treatments can be removed.
(4)  Visibility markings can lose reflective properties or markings, becoming less visible.
(5)  Helmet shells, helmet faceshields, or goggles can pit or craze.
(6)  Ensemble and ensemble elements hardware can become corroded.

The added statement supports the information that is already present in the annex (like the list of
degradation that may occur from negligence of cleaning and maintenance), yet adds emphasis on the importance of
making sure that garments are properly cleaned and maintained in order to extend their life cycle. Studies completed
and in progress at the University of Kentucky have shown the importance of cleaning and maintaining fire fighting
garments.
The Fire Fighter Durability Study Phase I completed at the University of Kentucky found that 66% of the sixty-seven

garments tested showed leakage during the Water Penetration Barrier Evaluation. Questionnaires used for purposes of
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the study found that 30% of respondents replied that cleaning of their garment was voluntary.
Furthermore, the Firefighter Durability Study Phase II in progress at the University of Kentucky has so far found that 9

of 12 garments tested showed leakage during the Water Penetration barrier Evaluation. The questionnaire in
accordance with Phase II showed that 55% of respondents answered that the cleaning of their garments was voluntary.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

STULL, J.:  It would be instructive to cite the referenced studies and other literature in the appendix so that others
could view this information if interested.

_______________________________________________________________________________________________
1851-57     Log #25  FAE-SPF

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
Machine cleaning is the most effective method for cleaning ensemble elements such as coats, trousers, coverall, and

hoods. It is the most effective means of loosening and removing dirt, soot, and other debris. Presently there are two
basic types of automatic washing machines are commonly available for use by end-users: top-loading agitator style
machines and front-loading washer/extractors. New technologies are emerging every day in the cleaning industry that
will affect options available to both the enduser as well as the ISP for all ensemble elements. At this time, it is generally
accepted that front-loading machines are more appropriate for protective ensemble and ensemble elements, where
allowed by the element manufacturer....

There are several new technologies that are close to being brought to market that may not use
washing machines and could theoretically clean all ensemble elements. Although the standard does mention "emerging
technologies" it implies these technologies are applicable to machine washing of fabric elements. If new cleaning
technology that is proven effective and safe for all elements is introduced, the standard should contain language that
would make it eligible for compliance.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1851-58     Log #CP7  FAE-SPF

_______________________________________________________________________________________________
Technical Committee on Structural and Proximity Fire Fighting Protective Clothing and Equipment,

Asterisk 7.3.7 (5), and add an Annex paragraph A.7.3.7 (5) as follows:
A.7.3.7(5) The pH for the product can be indicated on the product (detergent) container and should be the pH for the

product in an undiluted form, if it is a liquid. If the detergent is a powder, the pH will be reported at a specific
concentration of the solid on a weight basis in water. If the pH is not listed on the product container, then request the
Material Safety Data Sheet (MSDS) from the product supplier. Most suppliers will normally provide the MSDS for their
respective products as part of the shipment and it may also be possible to obtain a copy of the MSDS on line from the
supplier’s website. The pH for the product is typically listed in Section 9 of the MSDS for the product physical and
chemical properties.
The selection of the detergent should include a consideration of several factors in addition to the pH range. Foremost

amongst these is the demonstration by the supplier that the detergent is safe to use with firefighter protective clothing.
This demonstration consists of two parts – (1) the effectiveness of the detergent in removing soils and other
contaminants as indicated later in this section, and (2) the impact of the detergent through multiple washings on the
protective element as described in A.7.1.9. This information may be available from the supplier of the detergent, the
manufacturer of the protective element, or fabric suppliers. If there is uncertainty about a particular detergent or cleaning
agent, contact the manufacturer of protective element.
Organizations should be cautious about detergent or chemical suppliers that offer you several different chemicals for

cleaning your protective elements. Many chemical suppliers will provide the organization with an automated dispenser
that can feed liquid chemicals into the washer/extractor at no cost on the requirement that you purchase chemicals from
that supplier. Certain types of chemicals, such as alkali builders and sours should be avoided. Alkali builders are used to
significantly increase the pH of the wash water for enhancing the cleaning performance of certain detergents. These
chemicals typically have pH values that are greater than 10.5. When alkali builders are used, the pH is usually brought
to a lower level using a “sour”, which is an acid based agent that is used to bring the wash water back to a neutral pH.
Sour cleaning agents are added towards the end of the wash formulation and almost always have pH values that are
much lower than 6.0. The combination of alkali builders and sours are most often used in institutional laundering
facilities but are not appropriate for protective elements, unless the manufacturer of the respective protective element
has indicated that these types of products can be safely used.
In general, mild domestic laundry detergents may used, if applied consistent with the instructions provided for the

laundry in terms of the amount of detergent added for the wash water volume used in the suds (detergent addition step)
for the specific washing machine or washer/extractor. A single detergent may be viable for washing both the shell and
liners for structural fire fighting protective garments; however, some suppliers might offer specialty detergents that have
been formulated for either heavier duty cleaning of outer shells or gentler cleaning of linings. In addition, spot treatment
agents are usually required for removal of specific heavy soiling and some common fireground contaminants.

The proposed Annex language provides guidance to organizations involving in cleaning protective
elements on determining if the selected detergent falls with the specified range of pH and other factors related to the
selection of an appropriate detergent.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

OLIVER, A.:  Revise 3rd paragraph, 5th sentence: "These chemicals typically have pH values that are greater than
10.5 and are used in in high temperature cleaning greater than 130 degrees Fahrenheit."
STULL, J.:  The tentative acceptance of this suggested information by the committee is appreciated.
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_______________________________________________________________________________________________
1851-59     Log #CP8  FAE-SPF

_______________________________________________________________________________________________
Technical Committee on Structural and Proximity Fire Fighting Protective Clothing and Equipment,

Add an Annex paragraph as follows:
A.7.3.7 (5) Cleaning agent or detergent effectiveness. The effectiveness of a cleaning agent or detergent may be

ascertained by performing testing in which the soiling is applied to the material of interest and an assessment is made to
determine if the application of the cleaning process removes the soiling. While there are no established methods for
evaluating the effectiveness of laundry processes in removing soils in protective clothing, the procedures are suggested:
A suitable method for modification was identified in American Association for Textile Chemists and Colorists (AATCC)

Test Method 123-2000, Carpet Soiling: Accelerated Soiling Method. This test method provides procedures for
determining the propensity for soiling of carpet samples using synthetic soil and a tumbling method. This method offers
a means for reproducibly soiling outer shell fabrics. The synthetic soil formulation and its method of application for
contacting outer shell fabrics must be made since some aspects of the AATCC procedures do not uniformly soil fabrics
as intended for carpet samples. The recommended ingredient list for the synthetic soil is provided in Table A.7.3.7(5):

***Insert Table A.7.3.7(5) ***Synthetic Soil Formulation***

All dry ingredients are mixed together thoroughly before adding mineral oil. The mixture is then baked at 122oF (50oC)
for 8 hours before use.
Sample fabrics to be used in the evaluation are preconditioned by washing using the procedures in AATCC 135,

Dimensional Changes in Automatic Home Laundering of Woven and Knit Fabrics, using Machine Cycle 1
(sturdy/cotton), Wash Temperature V (160oF), and Laundering Condition Ai (tumble drying/high heat), to remove some
of the finishes that applied to the fabrics during their processing. These finishes retard the wetting of fabric and the
adhesion of soils. Nevertheless, the effects of these finishes are generally reduced by both washing and wear of the
garment. Some preconditioned (washed) fabric outer shell samples should be retained as a laundered “control” since
washing reduces the brightness and causes some color changes in fabrics, even without soiling.
The preconditioned fabric soiling is accomplished using a Launder-Ometer (specified in AATCC 61-2003,

Colorfastness to Laundering, Home and Commercial: Accelerated). A Launder-Ometer is a special washing machine
that is typically used in the testing of fabrics for colorfastness. It consists of a machine that rotates closed canisters in a
thermostatically controlled water bath.
For the fabric soiling, 150 mm (6-in.) square specimens of preconditioned fabric are placed inside lined canisters with

100 grams of synthetic soil and 50 stainless steel balls measuring 6 mm (¼ in) in diameter. The steel balls are used to
provide physical rubbing of the soil against the fabric specimen inside the canister to help increase the level of soiling.
The fabric specimens are tumbled inside the Launder-Ometer without using the water bath but at a rotational speed of
40 rpm for a period of 45 minutes. This process is repeated for each set of specimens to be evaluated.
Following the conclusion of soiling period, the soiled samples are removed from the canister and any loosely adhering

soil is removed by light brushing. The samples are then subjected to the laundering process to be evaluated using the
detergent according to the supplier’s instruction and the overall washing process according to the selecting wash
formulation for the specific washing machine or washer/extractor being used. Additional serve as samples soiled, but not
laundered.
The removal of soiling can be determined in one of three different ways:
1. A visual comparison can be made between the soiled and unsoiled (control) specimens
2. A gray scale change can be assigned to each specimen (a gray scale is a way of quantifying the change in a

material color relative to its original color) and is performed in accordance with AATCC 61-2003, Colorfastness to
Laundering, Home and Commercial: Accelerated. Both color changes and staining ratings should be applied to the
control, soiled, and laundered outer shell fabric specimens. These semi-quantitative ratings should be made using two
different observers.
3. Spectrophotometric measurements can be made comparing the soiled and unsoiled (control) specimens.

Spectrophotometric measurements are made on control, soiled, and test outer shell fabric specimens using principles
described in AATCC Evaluation Procedure 6, Instrumental Color Measurement. The color of fabric specimens is
measured using reflectance methods consistent with procedures in ASTM E 308, Standard Test Method for Comparing
the Colors of Objects by Using the CIE System, and Publication CIE No. 15.2(1986), Colorimetry [2nd Edition,
Commission Internationale de l’Esclairage (EIE), Vienna, Austria]. Comparisons can be made using the color intensity
and the color coordinates, which include: L* – color intensity (ratio of
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luminance to incident luminance); a* – color coordinate representing red-green axis, positive changes indicate a shift to
red; and b* – color coordinate representing blueyellow axis, positive changes indicate a shift to yellow. Since specimen
color is affected by the type of illumination, an illumination source of D65 should be used, which is representative of
average outdoor sunlight. A viewing angle of 10 degrees should also be used for all color measurements.

The technical committee is proposing Annex language which may provide information on cleaning
agent and detergent effectiveness, and is including it to solicit public input during the comments stage.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.

STULL, J.:  The tentative acceptance of this suggested information by the committee is appreciated. These procedures
were developed by the University of Alberta. Additional supporting information will be provided during the public
comment period.
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Table A.7.3.7(5) Synthetic Soil Formulation 

Ingredient % by Weight 
Peat Moss (dark) 38 
Portland Cement 17 
Kaolin Clay 17 
Silica (200 mesh) 17 
Carbon black 1.75 
Red iron oxide 0.50 
Mineral oil 8.75 
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_______________________________________________________________________________________________
1851-60     Log #CP2  FAE-SPF

_______________________________________________________________________________________________
Technical Committee on Structural and Proximity Fire Fighting Protective Clothing and Equipment,

Delete the text of A.10.1.1, and replace with text as follows:
A.10.1.1 Retirement criteria should be based on a number of factors, including, but not limited to, the following:
(1) Overall condition of the item
(2) Specific deterioration of materials or components beyond their economic repair
(3) Ability to adequately remove hazardous materials and other contaminants
(4) Age of structural or proximity ensemble or ensemble elements
(5) Excessive soil buildup that could impact performance of the ensemble or ensemble element
Physical damage from use, detrimental effects from improper cleaning procedures, and fabric failure of an ensemble

and ensemble elements that can make repairs impossible are other factors that can affect when an item should be
retired.
Where ensembles and ensemble elements are worn, damaged, or contaminated, organizations should determine if it
would be more appropriate for them to be repaired, decontaminated, or replaced. One general guideline is if the cost of
the repair or decontamination is greater than 50 percent of the replacement cost of the ensemble or ensemble elements,
replacement should be considered. A typical guideline that can be used involves the use of a matrix that takes into
account the current age of the gear and the cost of the repair versus the replacement cost of the item.
Experience suggests that ensembles and ensemble elements that are approaching 10 years since the date of their
manufacture have a high likelihood of performance deficiencies in multiple areas that can often be detected only by
destructive testing. Additionally, experience suggests that the reflective outer shell of proximity elements that are
approaching 5 years since the date of their manufacture have a high likelihood of performance failures that can be
detected only by destructive testing. Such performance failures could compromise fire fighter safety.
It is important to understand that the actual service life of ensembles and ensemble elements varies depending on the
amount of their use and the care they receive. Factors such as the size of the department, area covered, types of
exposures, and the aggressiveness of the individual fire fighter are all considerations in how long any ensemble element
will last. It is possible that a protective element could be exposed to circumstances that totally destroy it the first time it is
utilized. Since the purpose of fire fighters’ protective elements is to protect the wearer, if the element has saved a life or
prevented serious injury, even just once, it has done its job. In many cases, an ensemble or ensemble element will need
to be retired sooner than 10 years (or 5 years for the proximity reflective outer shell component).
An additional consideration that can influence the decision to repair or replace an ensemble or ensemble element

centers on the advances in technology that occur through each revision of NFPA 1971,
. These technological advances might be deemed

important enough by an organization to influence its criteria for replacement of ensembles or ensemble elements.
In the 2013 revision process, the technical committee spent considerable time on the issue of mandatory retirement.

The technical committee reaffirmed its position based on the following factors:
(1) Since the NFPA standards are revised every five years, the ten years represents two revisions cycles which

incorporate significant performance enhancements in ensembles and ensemble elements to warrant retirement of PPE
10 years from the date of manufacture.
(2) In the absence of scientifically-validated test methods that would support modifying or eliminating the current

mandatory retirement of 10 years, the technical committee reaffirmed the existing 10 year requirement for all PPE.
(3) In the absence of a non-destructive test or evaluation method that can conclusively and reliably determine PPE

remains compliant with the performance requirements in place at the time of manufacture, the committee continues to
support the existing retirement critera.
Organizations should use members who have received training in the inspection of ensembles and ensemble

elements, who understand the limitations of each ensemble and ensemble element, and who recognize the signs of
failure to help make decisions as to the integrity of an ensemble or ensemble element.

Revise A.10.1.2 as follows:
After discussion of the concept of mandatory retirement for protective elements, the consensus of the

technical committee, led by the fire service segment, is that the life of a turnout suit is generally less than 10 years.
Regardless of when the element was originally produced, it is imperative that the protective elements be routinely
inspected to ensure that they are clean, well maintained, and still safe. Just knowing the age of the elements cannot do
that. In the 2013 revision cycle the technical committee, led by the fire service, again reaffirmed this position.

44Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1851
The technical committee spent considerable time discussing the issue of mandatory retirement, and is

providing amended text to A.10.1.1. and A.10.1.2.

Affirmative: 29
4  Barker, R.,  Davis, R.,  Doan, S.,  Ford, II, R.
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_______________________________________________________________________________________________
1852-1     Log #CP1  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Review entire document to: 1) Update any extracted material by preparing separate proposals to
do so, and 2) review and update references to other organizations documents, by preparing proposal(s) as required.

To conform to the NFPA Regulations Governing Committee Projects.

The technical committee reviewed the entire document to update any extracted material, and
reviewed and update references to other organizations documents. Separate proposals were prepared as required.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

_______________________________________________________________________________________________
1852-2     Log #CP5  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Revise text to read as follows:
4.2 Hazards Adverse Conditions Involving SCBA.
Delete 4.2.1 and 4.2.2, and add the following text:
4.2.1 As part of the respiratory protection program, the organization shall develop standard operating procedures

(SOPs) for a condition or conditions involving SCBA or SCBA components that lead(s) to failure, near-failure or a
significant degradation of performance as a result of normal use.

Renumber existing 4.2.3 as 4.2.2, and change the word "hazard" to "condition."
Renumber existing 4.2.4 as 4.2.3.

This committee proposal clarifies what would prompt a report to the appropriate SCBA manufacturer,
the service provider if appropriate, the certification organization that certified the SCBA, and to NIOSH NPPTL.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

ANAYA, C.: I believe the language should have the word or reference to "report" or somewhere since that's
what was intended and is also the primary issue. Also, the draft language for the 2013 edition is replacing language of
the 2007 edition which references reporting.
Here is an example of how I believe it should read, or something similar:
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_______________________________________________________________________________________________
1852-3     Log #1  FAE-RPE

_______________________________________________________________________________________________
Suleiman Said Al Adawi, Petroleum Development Oman

The standard should specify the spare self contained breathing apparatus cylinders proportionate
to the number of breathing apparatus sets based on decided numbers of BA sets in fire stations.  For instance 1 BA set
should have 1 spare cylinder.

NOTE:  I tried to read different standards and seek/exchange ideas with my colleagues but never come across to the
standard specifying the number of spare cylinders against BA sets.

The proposal will assist when new introduced fire station (zero base fire station i.e. if the fire station
decided to have 10 BA sets (including appliances and back up sets in general) then the required of additional 10 spare
BA cylinders might be essential.  Thus will cover for BA wearer to use 2 cylinders plus contingencies such as lost of air
incase face mask visor broken any other technical faults that cause lost of air, vast emergencies, volunteers, outage of
cylinders for hydrostatic pressure test etc.

Replace 5.1.5 (23) with the following:
(23) Number of spare SCBA and cylinders

The technical committee accepted the proposal in principle and provides the text as shown in
the meeting action. The specific needs of each organization should be determined by the AHJ.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

_______________________________________________________________________________________________
1852-4     Log #CP2  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Revise Table 7.5.2 as follows:
Under Acceptance Criteria, third paragraph from bottom, replace +10% with +5%.

The proposed change brings this paragraph into agreement with NIOSH requirements.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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_______________________________________________________________________________________________
1852-5     Log #CP3  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Revise the following paragraphs as indicated:
A.4.7.5 Therefore, the Department of Transportation (DOT) developed special certifications known as exemptions

(previously known as exemptions).
A.7.2.4.5 Therefore, the DOT developed special certifications known as exemptions (previously known

as exemptions).
C.2 Therefore, the DOT developed special certifications known as exemptions (previously known as

exemptions).
C.2.1 All composite cylinders authorized for sale and use in the United States have a DOT exemption special permit

number (previously known as an exemption number). [No change to second sentence]. Information on exemptions
special permits is found in 49 CFR 107.101.

C.2.2 DOT authorized exempted special permitted cylinders are requalified....[okay to end]. All U.S. retest facilities
performing requalifications on composite cylinders are required by DOT to have a current copy of the cylinder's
exemption special permit available...[okay to end]. [Delete next sentence]. [Last sentence is okay].

C.3 Revise fourth paragraph as follows: DOT-authorized composite cylinders have a maximum service life indicated in
the exemption special permit (previously known as an exemption). Most exemptions special permits specify that
composite cylinders have a maximum life of 15 years. [Third sentence is okay].

D.2.2 DOT Exemptions Special Permits. Associate Administrator for Hazardous Materials Safety Research and Special
Projects Administration, Department of Transportation...[okay to end].

This committee proposal brings these paragraphs in line with current DOT terminology.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

_______________________________________________________________________________________________
1852-6     Log #CP4  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Replace "RSPA" with "PHMSA."
PHMSA (Pipeline and Hazardous Material Safety Administration) is the new department.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

3Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1855
_______________________________________________________________________________________________
1855-1     Log #CP1  FAE-SCE

_______________________________________________________________________________________________
Technical Committee on Special Operations Protective Clothing and Equipment,

Review entire document to: 1) Update any extracted material by preparing separate proposals to
do so, and 2) review and update references to other organizations documents, by preparing proposal(s) as required.

To conform to the NFPA Regulations Governing Committee Projects.

The technical committee reviewed the entire document to update any extracted material by
preparing separate proposals as required, and reviewed and updated references to other organizations documents by
preparing proposal(s) as required.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-2     Log #42  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

The entire document related to garments should be reviewed to review consistency in terminology
between this document and NFPA 1951.  Specifically the terminology for the barrier layer and liners should be reviewed.
This terminology should also incorporate the possibility of trilaminate technology for rescue and recovery or CBRN
garments as this could be utilized in technical rescue garments.

Not all terminology between NFPA 1855 and NFPA 1951 is consistent.  This could lead to issues in
the field when determining what is being evaluated by an organization or ISP.  The terminology should be standardized
between both standards for clarity purposes.

See Committee Proposals 1855-12 (Log #CP5),1855-37 (Log # CP6) and 1855-43 (Log #CP7).

The technical committee accepted the proposal in principle, and Proposals 1855-12 (Log
#CP5),1855-37 (Log # CP6) and 1855-43 (Log #CP7). See the recommendation for each of these Logs.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-2a     Log #CP12  FAE-SCE

_______________________________________________________________________________________________
Technical Committee on Special Operations Protective Clothing and Equipment,

The technical committee on Special Operations Protective Clothing and Equipment proposes a
new standard, NFPA 1855, ,
here as shown at the end of this report.

NFPA 1855 specifies the minimum selection, care, and maintenance requirements for utility technical
rescue protective, rescue and recovery technical rescue, and chemicals, biological agents, and radiological particulate
[also known as chemical, biological, radiological, and nuclear (CBRN) technical rescue] ensembles and the individual
ensemble elements that include garments, helmets, gloves, footwear, and interface components that are compliant with
NFPA 1951, Standard on Protective Ensembles for Technical Rescue Incidents.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-3     Log #CP2  FAE-SCE

_______________________________________________________________________________________________
Technical Committee on Special Operations Protective Clothing and Equipment,

Revise definition to read as follows:
See 3.3.13.20.1. 

An abbreviation for chemicals, biological agents, and radiological particulate hazards.
CP to delete this reference because it is unnecessary.

Chemicals, biological agents, and radiological particulates that could be released as
the result of a terrorist attack. (See also 3.3.3, Biological Terrorism Agents; 3.3.19, Chemical Terrorism Agents;
3.3.75.88, Radiological Particulate Terrorism Agents; and 3.3.124, Toxic Industrial Chemicals).

The act of removing contaminates from protective clothing and equipment by a physical,
chemical, or combined process. .

The compliant certified (individually) products that provide protection to the upper and
lower torso, arms, legs, head, hands, and feet. 

“The utility and rescue and recovery elements are certified individually whereas
CBRN elements are certified as part of an ensemble.”

The portion of the protective footwear element or item that includes, but is not limited to, the
toe, vamp, quarter, shaft, collar, and throat, but not including the sole with heel, puncture-resistant device, and
insole. That portion of the footwear element above the sole, heel, and insole.

The part of the glove that extends from the tip of the fingers to 25 mm (1 in.) beyond the wrist
crease. The part of the glove that extends from the tip of the fingers to the wrist crease or a specified distance beyond
the wrist crease.

See 3.3.139, Wristlet. 
The ability of an ensemble or ensemble element to remain intact and provide continued minimum

performance.
An area of the body where the protective garments, helmet, gloves, footwear, or SCBA

respiratory protection facepiece meet. Interface areas include, but are not limited to, the coat/helmet/SCBA respiratory
protection facepiece area; the coat/trouser area; the coat/glove area; and the trouser/footwear area. 

The individual compliant products consisting of protective clothing, protective equipment, auxiliary
equipment, and supplementary equipment or tools.

An item is a a non-certified part of an element or an ensemble that must be used with the complete certified
element or certified ensemble.

The element of the certified rescue and
recovery technical rescue protective ensemble that provides protection to the hand.

Outermost layer seam assemblies where rupture could reduce the protection of the garment by
exposing the garment’s inner layers, and/or  the wearer’s station/work uniform, other clothing, or skin.

An example of a minor seam may be a seam in a comfort liner or a non-barrier liner.
The activities of rescue, fire suppression, and property conservation in buildings,

enclosed structures, vehicles, marine vessels, or like properties that are involved in a fire or emergency situation.
The top edge of the protective footwear that includes the tongue, gusset, quarter, collar, and shaft. 

. The activity of rescue during the collapse or cave-in of a trench. A trench is deeper
than it is wide.

The element of the certified utility technical rescue
protective ensemble that provides protection to the hand and wrist. 

. The activity of removing a victim from a vehicle at the scene of an accident.
. A system whereby a certification organization determines that an ISP or an organization has

demonstrated the ability to conduct repairs that complies with the requirements of this standard, authorizes the ISP or
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organization to use a verification mark that complies with the requirements of this standard, and establishes a follow-up
program conducted by the certification organization as a check on the methods of repair used to determine continued
compliance with the requirements of this standard.

A separate sink used for cleaning, and ensembles, and ensemble elements and items.

Retroreflective enhancements improve nighttime conspicuity, and fluorescent
enhancements improve daytime conspicuity.

The technical committee is proposing these changes for the purpose of clarification, editorial
corrections, adding project definitions, or correlation with other documents in the protective clothing and equipment
project. In addition, the technical committee is providing explanatory text in Annexes and deleting definitions because
they are not relevant or used in the standard.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-4     Log #1  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
Advanced Cleaning. See 3.3.13.1 3.3.20.1.

Correction of referenced paragraph.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-5     Log #2  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Delete the definition of face shield.
Face shields are not required on technical rescue helmets nor is the term used in this document.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-6     Log #CP3  FAE-SCE

_______________________________________________________________________________________________
Technical Committee on Special Operations Protective Clothing and Equipment,

Revise the text in Chapter 4 as follows:
4.1.4 Manufacturers shall be allowed to exclude proprietary components or specific models from this care and
maintenance program.

The technical committee proposes to delete this paragraph because it causes confusion and offers little
clarification.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-7     Log #37  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

In the title of the second column of the table change the reference from NFPA 1851 to NFPA 1855.
Incorrect standard reference in the table row heading.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-8     Log #56  FAE-SCE

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
Where the organization performs its own advanced inspection, advanced cleaning or basic repair, the organization

shall be trained by the ensemble or ensemble element manufacturer, a Verified ISP or an ISP. Where the organization
uses an ISP to perform advanced inspection, or advanced cleaning or basic repair, the ISP shall be trained by the
ensemble or ensemble element manufacturer.

The standard creates two categories of Independent Service Provider (ISP) - Verified ISP and ISP. A
Verified ISP has annual testing of repairs, facility inspection and their Quality Manual audited to verify continued
compliance of all services provided.  An ISP has not been evaluated for compliance to the standard; therefore should be
trained by the manufacturer to perform these services and to train organizations to perform them.  Manufacturer training
should not be required by Verified ISPs.

Revise text to read as follows:
Where the organization performs its own advanced inspection, advanced cleaning, or basic repair, the organization shall
be trained by the ensemble or ensemble element manufacturer, a Verified ISP or an ISP. Where the organization uses
an ISP for training or to perform advanced inspection, or advanced cleaning or basic repair, the ISP shall be trained by
the ensemble or ensemble element manufacturer.

The technical committee accepted the proposal in principal, and added text indicating that
where the organization uses an ISP for training, the ISP shall be trained by the ensemble or ensemble element
manufacturer.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-9     Log #CP4  FAE-SCE

_______________________________________________________________________________________________
Technical Committee on Special Operations Protective Clothing and Equipment,

Delete Chapter 5, and insert the following text:
5.1 General
5.1.1*  The organization shall ensure that elements under consideration are certified as being compliant with NFPA
1951, Standard on Protective Ensembles for Technical Rescue Incidents, by a third-party certification organization.
5.1.2*  The organization shall ensure that the ensembles and ensemble elements under consideration interface properly
with other personal protective items with which they will be used.
5.1.3*  Where a field evaluation of an ensemble or ensemble element is conducted, the organization shall establish
criteria to ensure a systematic method of comparing products in a manner related to their intended use and assessing
their performance relative to the organization’s expectations.
5.1.4 Where a utility ensemble is identified, all elements shall be compliant with appropriate utility standards at a
minimum.
5.1.5 Where a rescue/recovery ensemble is identified, all elements shall be compliant with appropriate rescue/recovery
standards at a minimum.
5.2 Risk Assessments
5.2.1*  Prior to starting the selection process of technical rescue protective ensembles and ensemble elements, the
organization shall perform a risk assessment.
5.2.2 The risk assessment shall include, but not be limited to, the hazards that can be encountered by technical rescue
personnel based on the following (see Table 5.2):
(1) Type of duties performed
(2) Frequency of use of ensemble elements
(3) Organization’s experiences
(4) Incident operations
(5) Geographic location and climate
(6)* Likelihood of or response to CBRN terrorism incident

***Insert Table 5.2 Log #CP4 here***

5.2.3*  The organization shall review the current edition of NFPA 1951, Standard on Protective Ensembles for Technical
Rescue Incidents; NFPA 1994, Standard on Protective Ensembles for First Responders to CBRN Terrorism Incidents;
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program; NFPA 1670, Standard on
Operations and Training for Technical Search and Rescue Incidents; and any applicable federal or state OSHA
standards relating to technical rescue protective ensembles and ensemble elements to determine how they affect the
selection process.
5.2.4*  Based on the risk assessment, the organization shall compile and evaluate information on the comparative
strengths and weaknesses of the elements under consideration.
5.2.5 Utility tech rescue ensemble shall be selected where there is no expectation of encountering liquid, body fluid,
bloodborne pathogens or CBRN hazard.
5.2.6 Rescue/recovery ensemble shall be selected where there is an expectation of liquid, body fluid, or bloodborne
pahthogen hazard but not CBRN hazard.
5.3 Purchase
5.3.1*  Where the organization develops purchase specifications, at least the following criteria shall be included:

(1) Purchase specifications shall require that the ensemble or ensemble element(s) to be purchased shall be compliant
with the current edition of NFPA 1951, Standard on Protective Ensembles for Technical Rescue Incidents. Purchasers
shall consider that certified CBRN technical rescue protective ensembles must be worn as an ensemble with all
elements and interface components present as stated on the element label.
(2)* Where the organization selects criteria that exceed the minimum requirements of the current edition of NFPA 1951,

such criteria shall be stipulated in the purchase specifications.
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(3)* Purchase specifications shall require that manufacturers’ bids include substantiation of certification for each

element and model stated in the bid.
(4)* Where applicable, the purchase specifications shall define the process for determining proper fit.
(5)* The organization shall compare each bid submittal against purchase specifications.

5.3.2 Upon receipt, organizations shall inspect purchased protective ensemble element(s) to determine that they meet
their specifications and that they were not damaged during shipment. Organizations shall also verify the quantity and
sizes of the protective ensemble element(s) received.
5.3.3 Organizations shall examine information supplied with the products, such as instructions, warranties, and technical
data.
5.3.4 Procedures shall be established for returning unsatisfactory products if the organization’s specifications are not
met.
Revise Annex items as follows:
A.5.1.4 is now A.5.1.1.
A.5.1.6 is now A.5.1.2.
A.5.1.7 is now A.5.1.3.
A.5.1.1 is now A.5.2.1.
A.5.1.3 is now A.5.2.3.
A.5.1.5 is now A.5.2.4.
A.5.1.8 is now A.5.3.1.
A.5.1.8 (2) is now A.5.3.1 (2).
A.5.1.8 (3) is now A.5.3.1 (3).
A.5.1.8 (4) is now A.5.3.1 (4).
A.5.1.8 (5) is now A.5.3.1 (5).

The technical committee proposes to better organize Chapter 5. It is also adding new requirements in
the general section and risk assessment section, and a new hazards table.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-10     Log #3  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Add new text to read as follows:
As part of the risk assessment, the organization shall determine which type of Technical Rescue protection is needed;

Utility Technical Rescue Protective Ensembles and Ensemble Elements, Rescue and Recovery Technical Rescue
Protective Ensembles and Ensemble Elements or CBRN Technical Rescue Protective Ensembles. The organization
shall also determine in the risk assessment if consideration is required for NFPA 1999,

is also needed.
There are three different types of ensembles and ensemble elements covered by NFPA 1951. They

type of protection needed should be taken into consideration during the risk assessment. The added language will direct
the organization to take this in to consideration during the risk assessment to evaluate what level is needed or what
other standards should also be considered.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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Table 5.2 Risk Assessment 
Hazards Utility Rescue/Recovery CBRN 
Falling Objects Helmet Helmet Helmet 
Shrapnel from small tool 
usage 

X X X 

Projectiles or ballistic 
objects 

    

Abrasive or rough surfaces X X X 
Sharp edges X X X 
Pointed objects X X X 
Slippery surfaces Boots Boots Boots 
Excessive vibration    
High heat and humidity 
(Heat Stress) 

Garment  
Best 

Garment 
Better 

Garment 
Good 

Ambient cold    
Wetness from tool work  X X 
Rain (Inclement Weather)  X X 
High wind   X X 
Insufficient or bright light    
Excessive noise    
Chemical Inhalation   See NFPA 1981 
Chemical skin absorption  Selected 

Liquids 
Selected 
Vapors 

Chemical ingestion or 
injection 

  X 

Liquefied gas contact    
Chemical flash fire Good Better Good 
Chemical explosions    
High voltage Boots? Boots? Boots? 
Electrical arc flash X 

See NFPA 70E 
X 

See NFPA 70E 
X 

See NFPA 70E 
Static charge buildup Boots Boots Boots 
Ionization radiation    
Alpha X X X 
Beta Attenuates Attenuates Attenuates 
Gamma    
Xray    
Radiological Particulates   X 
    
Daytime visibility X X X 
Nighttime visibility X X X 
High convective heat Garment 

Low 
Garment 

Low 
Garment 

Low 
Low radiant heat Garment 

Low 
Garment 

Low 
Garment 

Low 
High radiant heat    
Flame impingement X X X 
High Pressure Steam    
Hot liquids  Selected Selected 
Molten metals    
Hot solids    
Hot surfaces    
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Bloodborne pathogens  X X 
Airborne pathogens   X 

See NFPA 1981 
Biological particles 
(Toxins and Allergens) 

  X 
See NFPA 1981 

    
Falling    
Drowning    
Material incompatibility    
Ease of contamination X   
Thermal comfort Garment 

Best 
Garment 

Better 
Garment 
Good  

Range of motion    
Hand function Gloves Gloves Gloves 
Ankle support Boots Boots Boots 
Back Support    
Vision Protection Goggles Goggles See NFPA 1981 
Communications ease    
Fit (poor) X X X 
Ease of donning and 
doffing 

Gloves Gloves Gloves 
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_______________________________________________________________________________________________
1855-11     Log #4  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Add new text to read as follows:
5.1.6.1 As a minimum the organization shall ensure the proper overlap between ensemble elements being used,

including but not limited to coat to hood and helmet, coat to pant, coat to glove, and pants to footwear. Any other
specialty equipment being used shall also be considered to ensure the equipment does not interfere with the proper
function and interface of the protective ensemble or ensemble elements.

Additional attention should be given to the interface areas between elements during the selection
process. Specific reference to the interface areas should be called out in this standard to ensure the proper attention is
given.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-12     Log #CP5  FAE-SCE

_______________________________________________________________________________________________
Technical Committee on Special Operations Protective Clothing and Equipment,

Revise Chapter 6 to read as follows:
6.2.2.4 (c) Loss of water resistance
6.3.2.1*  The ensemble, or ensemble element manufacturer, or a verified ISP Verified ISP, or ISP, trained by the
element manufacturer, and the organization shall determine the level of training required to perform advanced
inspections. The ensemble, or ensemble element manufacturer, or a verified ISP Verified ISP, or ISP, trained by the
element manufacturer, and the organization shall provide written documentation of training.
Delete section 6.3.5, and replace with the following text:

The advanced inspection shall include, as a minimum, the inspections specified in 6.3.5.1 through 6.3.5.7.
All separable layers of the garment elements shall be individually inspected for the following:

(1) Soiling
(2) Contamination
(3)* Physical damage to all layers and sides of each layer, such as the following:

(a) Rips, tears, cuts, and abrasions
(b) Damaged or missing hardware
(c) Thermal damage (charring, burn holes, melting, discoloration of any layer)

(4)* Physical damage to the barrier layer and each side of the barrier layer shall also be inspected for loss of barrier
material integrity as indicated by any of the following:

(a) Rips, tears, cuts, or abrasions
(b) Discoloration
(c) Thermal damage
(d) Loose or missing barrier material seam tape
(e) Delamination as evidenced by separation of the film from substrate fabric, flaking or powdering.

(5) Evaluation of system fit and coat/trouser overlap
(6) Loss of seam integrity and broken or missing stitches
(7)* Loss of material physical integrity [e.g., ultraviolet (UV) or chemical degradation] as evidenced by discoloration,
significant changes in material texture, loss of material strength.
(8) Loss of wristlet elasticity, stretching, runs, cuts, or burn holes
(9)* Visibility marking integrity, attachment to garment, reflectivity, or damage
(10)* Label integrity and legibility
(11) Hook and loop functionality
(12) Barrier attachment systems
(13) Closure system functionality
(14) Accessories for compliance with 4.2.3
(15) Correct assembly and size compatibility of shell and barrier

Helmet elements shall be inspected for the following:
(1) Soiling
(2) Contamination
(3) Physical damage to the shell such as the following:

(a) Cracks, dents, and abrasions
(b) Thermal damage to the shell (bubbling, soft spots, warping, or discoloration)

(4) Damaged or missing components of the suspension and retention systems
(5) Functionality of suspension and retention systems
(6) Damage to the impact cap
(7) Damaged or missing visibility markings
(8) Accessories for compliance with 4.2.3

Glove elements shall be inspected for the following:
(1) Soiling
(2) Contamination
(3)* Physical damage such as the following:

(a) Rips, tears, and cuts
(b) Thermal damage (charring, burn holes, melting or discoloration of any layer)
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(c) Inverted liner
(d) Loss of seam integrity or broken or missing stitches

(4) Shrinkage
(5) Loss of flexibility
(6) Loss of elasticity and shape in wristlets
(7) Accessories for compliance with 4.2.3

Footwear elements shall be inspected for the following:
(1) Soiling
(2) Contamination
(3) Physical damage such as the following:

(a) Cuts, tears, punctures, cracking, or splitting
(b) Thermal damage (charring, burn holes, melting or discoloration of any layer)
(c) Exposed or deformed steel toe, steel midsole, or shank
(d) Loss of seam integrity, delamination, or broken or missing stitches

(4) Loss of water resistance as determined by Section 12.4, Footwear Water Resistance Evaluation.
(5) Closure system component damage and functionality
(6)* Excessive tread wear
(7) Condition of lining such as the following:

(a) Tears
(b) Excessive wear
(c) Separation from outer layer

(8) Heel counter failure
(9) Accessories for compliance with 4.2.3

Goggles elements shall be inspected for the following:
(1) Damaged or missing components of the including discoloration or scratches to the lens limiting visibility
(2) Functionality of element components

Hood elements shall be inspected for the following:
(1) Soiling
(2) Contamination
(3) Physical damage such as the following:

(a) Rips, tears, and cuts
(b) Thermal damage (charring, burn holes, melting, discoloration of any layer)

(4) Shrinkage
(5) Loss of material elasticity or stretching out of shape
(6) Loss of seam integrity or broken or missing stitches
(7) Loss of face-opening adjustment

Interface components shall be inspected for the following:
(1) Soiling
(2) Contamination
(3) Physical damage
(4) Loss or reduction of properties that allow component to continue as effective interface, such as loss of shape or
inability to remain attached to the respective element(s), if attachment is required
(5) Loss of seam integrity and broken or missing stitches

While all materials and components in garment elements are susceptible to different types of damage from
wear or abuse, the barrier material is one of the most difficult parts of the rescue and recovery technical rescue
protective (or CBRN technical rescue) garment element to inspect and evaluate. That is because the film or coating side
of most barrier materials may be hidden from easy examination. Even if a garment element is equipped with a means of
viewing the film or coating side, it may be difficult to conduct a visual evaluation of the barrier material film or coating.
Even a physical examination of the barrier material film or coating side will not detect all types of damage or defects that
can lead to loss of liquid penetration resistance for the garment element.  Barrier material coatings or films can become
abraded, tear, or have pinholes from use. In severe cases, the degradation in some barrier materials can take the form
of separation, cracking, or flaking. Tapes used on barrier material seams, to ensure garment element integrity against
liquid penetration, can crack, lift, or completely separate. Because only the most obvious damage is usually observable,
the following field evaluation procedure may be used.  In addition to potential areas of damage to the garment, the front
and back body panels of each protective garment element should be evaluated using three different barrier material
areas and three different barrier areas with a seam.  Evaluation areas should be from high-abrasion areas of the
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garment elements, including, but not limited to:
(1) Broadest part of the shoulders
(2) Back waist area of the coat
(3) Knees
(4) Crotch area
(5) Seat area
An alcohol–tap water mixture should be made by combining 1 part rubbing alcohol, 70 percent isopropanol alcohol with
6 parts of tap water.  A 5 gal bucket or similar container with a 12” diameter should be used to support the barrier during
evaluation.  The evaluation procedure should be performed at room temperature.  The evaluation should be conducted
using the following procedure:
(1) If possible, separate the barrier from the outer shell.
(2) Orient the liner such that the barrier material is on the outside.
(3) Position the dry barrier over the bucket with the innermost layer facing down and the interior layer facing up.
(4) Cup the barrier area that is being evaluated, so that it is lower than the surrounding barrier.
(5) Pour 1 cup of the alcohol–tap water mixture onto the barrier material in the cupped area of the liner.
The barrier should be visually inspected for leakage on the innermost layer side after 1 minute.  If any liquid passes
through the barrier material and wets the barrier material or other interior layer, the barrier should be removed from
service and evaluated per Section 6.4.  After the evaluation procedure has been performed, the barrier should be
cleaned and allowed to completely dry to remove all traces of the alcohol–tap water mixture.
Revise text as follows:
6.4.3* Complete liner barrier inspection of all garment elements shall be conducted at a minimum after 3 years in service
and annually thereafter or whenever advanced inspections indicate that a problem might exist. The liner barrier system
shall be opened to expose all layers for inspection and testing. 
[Delete A.6.4.3.1]
6.4.3.*1 A complete liner inspection of all garment elements shall be conducted after 2 years in service and annually
thereafter following replacement of the barrier, the CBRN barrier, or both.
Delete 6.4.5.1 and renumber following paragraphs.
Revise the following sections:
6.3.6.2 Change "liner" to "barrier".
6.4.2.1 Change "liner" to "barrier".
6.4.4 Change "liner" to "barrier".
6.4.5 Change "liner" to "barrier."

The technical committee proposes to revise the text in Chapter 6 for the following reasons:
6.2.2.4 (c) -  There is no way to evaluate visually.
6.3.2.1 The TC is adding this proposed text to clarify the distinction between ISPs and Verified ISPs.
6.4.5.1 - The TC is deleting the text of 6.4.5.1 because it believes that this text fits better with the advanced inspection
rather than the complete liner inspection.
6.3.5.4.4 (4) The TC is adding a new paragraph because it wanted to clarify the loss of water resistance.
6.4 The TC is proposing to delete this paragraph because it believes that this modification creates a new balance of
evaluation for leakage after use.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

12Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1855
_______________________________________________________________________________________________
1855-13     Log #5  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Add new text to read as follows:
(6) Damaged, detached or missing visibility markings; when present.

Although visibility markings are not mandatory in NFPA 1951 if they are present they should be
inspected.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-14     Log #6  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
(4) Physical damage to the ear flaps any fabric components on the helmet such as the following:
(a) Rips, tears, and cuts
(b) Thermal damage (charring, burn holes, melting)

Technical Rescue helmets are not required to have ear flaps. However since there may be fabric
components or ear flaps provided they should be included in an inspection.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-15     Log #7  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
(6) Damaged or missing reflective visibility markings; when present.

The first change corrects the terminology from reflective markings to visibility markings. The second
change identifies these should be inspected when present as visibility markings are not mandatory in NFPA 1951.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-16     Log #44  FAE-SCE

_______________________________________________________________________________________________
James M. Baker, TotalCare

Exposed or deformed steel toe, steel midsole, or shank.
New / Exposed or deformed protective toe, protective midsole, or shank.

The document assumes that boots will always use steel to protect the toe and midsole. The standard
should allow for other technologies that may replace steel.

Revise text to read as follows:
6.2.2.4 (c) Exposed or deformed steel protective toe, steel protective midsole, or shank.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-17     Log #57  FAE-SCE

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
Advanced inspection and any necessary testing shall be performed by a verified ISP, ISP, or the organization's trained

personnel.
The standard must clearly differentiate between an ISP and a verified ISP, and the fact that ISPs

which are under no scrutiny must have manufacturers' training to perform advanced inspection and to train
organizations on advanced inspection.  Verified ISPs on the other hand have chose to invest in developing NFPA 1851
compliant processes and have chosen to have these processes scrutinized and deemed acceptable by a third party
certification organization.

Revise text to read as follows:
Advanced inspection and any necessary testing shall be performed by a Verified ISP, ISP, or the organization's trained
personnel.

The technical committee accepted the proposal in principle, and provides the amended text as
indicated in the meeting action (capitalizing V in verified).

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-18     Log #64  FAE-SCE

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
The ensemble or ensemble element manufacturer or, a verified ISP or an ISP and the organization shall determine the

level of training required to perform advanced inspection.  The ensemble or ensemble element manufacturer or, a
verified ISP or an ISP shall provide written verification of training.

The standard must clearly differentiate between an ISP and a verified ISP.  On services that both are
able to provide, they should be noted separately in order to provide consistency throughout the standard.

See Committee Action on Proposal 1855-12 (Log #CP5).
The technical committee accepted the proposal in principle, and is providing text that

addresses this issue in Proposal 1855-12 (Log #CP5).

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-19     Log #8  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
Advanced inspections of all protective ensemble elements, even if not issued and used, shall be conducted at a

minimum of every 12 months, or whenever routine inspections indicate that a problem could exist.
In other SCAM documents, there is confusion in the field regarding this paragraph and if advanced

inspections are required annually even if the ensemble or ensemble element is not issued or used. The added language
is intended to clarify the committee intent assuming the advanced inspection is required annually regardless of the
element being issued or used. See also 7.3.3 for reference.

Revise text to read as follows:
6.3.3 Advanced inspections of all protective ensemble elements that are issued and used shall be conducted at a
minimum of every 12 months, or whenever routine inspections indicate that a problem could exist.
6.2.1 Individual members shall conduct a routine inspection of their protective ensembles and ensemble elements upon
issue and after each use.

The technical committee accepted the proposal in principle, and provided the text as shown in
the meeting action to address the issue.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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Report on Proposals  –  November 2012 NFPA 1855
_______________________________________________________________________________________________
1855-20     Log #43  FAE-SCE

_______________________________________________________________________________________________
James M. Baker, TotalCare

The findings of the advanced inspection shall be documented on an inspection form.
Add:  This form may be paper, electronic or any type of permanent record.

The statement causes the user to assume they must use a paper form.

Revise text to read as follows:
6.3.4  The findings of the advanced inspection shall be documented on an inspection form.

The technical committee accepted the proposal in principal, and provided the text as shown in
the meeting action.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-21     Log #13  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
The advanced inspection shall include, as a minimum, the inspections specified in 6.3.5.1 through 6.3.5.7 and for

garment elements only the testing specified in Section 12.1 and Section 12.2.
Technical rescue garments do not include thermal liners. Therefore the testing specified in Section

12.1 should not apply to these types of garments. There are additional proposals to delete this test from the standard.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-22     Log #9  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
(8) Loss of wristlet elasticity, stretching, runs, cuts, or burn holes; where present

Wristlets are not mandatory for garments in NFPA 1951 however if they are present they should be
inspected.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

16Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1855
_______________________________________________________________________________________________
1855-23     Log #10  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
(9) Reflective Visibility marking integrity, attachment to garment, reflectivity or damage; when present

The first change corrects the terminology from reflective markings to visibility markings. The second
change identifies these should be inspected when present as visibility markings are not mandatory in NFPA 1951.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-24     Log #52  FAE-SCE

_______________________________________________________________________________________________
James M. Baker, TotalCare

Add new text to read as follows:
Label integrity and legibility.

Label integrity and legibility is required for record keeping.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-25     Log #11  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
(6) Damage to the impact cap; where present

Impact caps are not required per NFPA 1951, however if they are present they should be inspected.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-26     Log #12  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
(7) Damaged or missing reflective visibility markings; when present

The first change corrects the terminology from reflective markings to visibility markings. The second
change identifies these should be inspected when present as visibility markings are not mandatory in NFPA 1951.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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Report on Proposals  –  November 2012 NFPA 1855
_______________________________________________________________________________________________
1855-27     Log #51  FAE-SCE

_______________________________________________________________________________________________
James M. Baker, TotalCare

Add new text to read as follows:
Label integrity and legibility.

Label integrity and legibility is required for record keeping.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-28     Log #50  FAE-SCE

_______________________________________________________________________________________________
James M. Baker, TotalCare

Add new text to read as follows:
Label integrity and legibility.

Label integrity and legibility is required for record keeping.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-29     Log #49  FAE-SCE

_______________________________________________________________________________________________
James M. Baker, TotalCare

Add new text to read as follows:
Label integrity and legibility.

Label integrity and legibility is required for record keeping.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-30     Log #48  FAE-SCE

_______________________________________________________________________________________________
James M. Baker, TotalCare

Add new text to read as follows:
Label integrity and legibility.

Label integrity and legibility is required for record keeping.

Add this proposal as a new (8).

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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Report on Proposals  –  November 2012 NFPA 1855
_______________________________________________________________________________________________
1855-31     Log #54  FAE-SCE

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

Delete Section 2.1.
Move Section 12.2 to Section 12.1.
Move Section 6.4 to Section 12.2.
Delete Section 6.4.3 (now Section 12.2.3).
Section 12.2.5.2 (now Section 12.1.5.2) change "evaluated per Section 6.4" to evaluated per Section 12.2".

This makes the sequencing of advanced inspection, puddle test, complete barrier inspection,
hydrostatic test, replace or repair much easier to follow.

See Committee Action on Proposal 1855-12 (Log #CP5).
The technical committee accepted the proposal in principal, and created a committee proposal

to address this issue. See Proposal 1855-12 (Log #CP5).

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-32     Log #65  FAE-SCE

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
Complete liner inspection of all rescue and recovery technical rescue garments and CBRN technical rescue garment

elements shall be performed by a verified ISP, ISP or the organization's trained personnel.
The standard must clearly differentiate between an ISP and a verified ISP.  On services that both are

able to provide, they should be noted separately in order to provide consistency throughout the standard.

See Committee Action on Proposal 1855-12 (Log #CP5).
The technical committee accepted the proposal in principle, and provided text as shown in

Proposal 1855-12 (Log #CP5).

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-33     Log #66  FAE-SCE

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
The garment element manufacture or, a verified ISP or ISP and the organization shall determine the level of training

required to perform complete liner inspections.  The garment element manufacturer or, verified ISP or ISP shall provide
written verification of training.

The standard must clearly differentiate between an ISP and a verified ISP. On services that both are
able to provide, they should be noted separately in order to provide consistency throughout the standard.

See Committee Action on Proposal 1855-12 (Log #CP5).

The technical committee accepted the proposal in principle, and provided text as shown in
Proposal 1855-12 (Log #CP5).

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-34     Log #14  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
Complete liner inspection of all Rescue and Recovery garment elements shall be conducted at a minimum after 3

years in service and annually thereafter or whenever advanced inspections indicate that a problem might exist. The liner
system shall be opened to expose all layers The barrier layer shall be exposed for inspection and testing.

Rescue and Recovery Technical Rescue garments do not have liner systems. However it should be
clear that the barrier layer should be exposed for the inspection and testing. Additional language may be required for
inspection of trilaminate barrier type construction.

See Committee Action on Proposal 1855-12 (Log #CP5).
The technical committee accepted the proposal in principle, and provided the revised text as

seen in Proposal 1855-12 (Log #CP5) to address this issue.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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Report on Proposals  –  November 2012 NFPA 1855
_______________________________________________________________________________________________
1855-35     Log #15  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
Material physical integrity; UV or chemical degradation as evidenced by discoloration, significant changes in material

texture or loss of material strength, loss of liner material, or shifting of liner material.
Technical Rescue garments do not have liner systems.

See Committee Action on Proposal 1855-12 (Log #CP5).
The technical committee accepted the proposal in principle, and provided the revised text as

seen in 1855-12 (Log #CP5) to address this issue.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-36     Log #55  FAE-SCE

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

6.4.5.2 delete "and shall show no leakage"
New 12.3.5.1 Barrier materials and seams shall be repaired or replaced if discrete  droplets appear in all (6) test sites,

or if discrete droplets appear in 4 or more locations within any one test site, or if water flows continuously in any test site.
New 12.3.5.2 After testing the liner shall be allowed to dry completely before repairing if needed, and before returning

to service.
The criteria in NFPA 1971 for determining whether a moisture barrier needs to be repaired or replaced

has led to unnecessary repairs and replacements of moisture barriers.  This proposition is evidenced by many fire
departments spending lots of money on repairs and replacements to garments which are performing satisfactorily and
effectively in the field.  Some departments have chosen not to implement NFPA 1851 in whole or in part because of this
discrepancy.

The integrity of NFPA 1971 garments and NFPA 1951 garments is controlled by the shower test.  Not all leaks are
found by the shower test.  So a no leak strategy for NFPA 1851 and 1855 for the maintenance of NFPA 1971 and NFPA
1951 garments is overkill, is inconsistent with the product performance requirements of the respective product standard.

There are many possible modifications to the inspection regime for finding leaks that would reduce the level of scrutiny.
This proposal suggests that the criterion for implementing repairs be graded, so that serious flaws and failures
(continuous flow, or many discrete droplets) get repaired, but that small leaks (few discrete droplets) are discounted.

The technical committee rejected the comment, and directs the reader to Proposal 1855-54
(Log #CP11).

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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Report on Proposals  –  November 2012 NFPA 1855
_______________________________________________________________________________________________
1855-37     Log #CP6  FAE-SCE

_______________________________________________________________________________________________
Technical Committee on Special Operations Protective Clothing and Equipment,

Revise Chapter 7 to read as follows:
7.3.9.1 Change "Liner" to "Barrier"
7.3.9.2 Change "Liner" to "Barrier"
7.3.13 Change "Liner" to "Barrier"
7.2.3.6 (8) Elements shall be dried in accordance with Section 7.4 not be machine dried using equipment that
produces mechanical action from tumbling or agitation.
7.2.4 Additional Requirements for Routine Cleaning of Garment and Hood Elements.
7.2.4.2 To avoid cross contamination, garment element layers shall be isolated whenever possible.
7.2.4.3 Cleaning of the entire garment element shall be accomplished If garment requires more than spot cleaning,
entire garment shall be cleaned using advanced cleaning procedures.
7.2.5 Additional Requirements for Routine Cleaning of Helmet Elements.
7.2.5.1 If it is necessary to totally immerse the helmet, the impact cap shall be separated from the helmet shell. Each
element component shall be washed and dried separately before reassembly.
7.2.5.2 Solvents shall not be used to clean or decontaminate helmets or helmet components. The manufacturer shall be
consulted if stronger cleaning agents are required.
7.2.5.3 Helmets shall not be machine dried using equipment that produces mechanical action from tumbling or agitation.
7.2.6 Additional Requirements for Routine Cleaning of Glove Elements. Glove elements shall not be machine dried
using equipment that produces mechanical action from tumbling or agitation.
7.2.7 Additional Requirements for Routine Cleaning of Footwear Elements. Footwear elements shall not be machine
dried using equipment that produces mechanical action from tumbling or agitation.
7.2.8 Additional Requirements for Routine Cleaning of Goggles Elements. Goggles elements shall not be machine dried
using equipment that produces mechanical action from tumbling or agitation.
7.3.1 Advanced cleaning shall be performed by a verified Verified ISP, or ISP, trained by the element manufacturer or
the organization’s trained personnel.
7.3.4 The training of the organization’s personnel shall be performed by the element manufacturer or a verified Verified
ISP, or ISP, trained by the element manufacturer, who will provide written documentation of training.
7.3.7 (10) All tools and accessories shall be removed and not machine washed.
7.4.3 (7) All tools and accessories shall be removed and not machine dried.

The technical committee proposes to revise Chapter 7 for the following reasons:
7.2.3.6 (8) - The risk of damage in the routine cleaning frequency may impact the durability of the product therefore
should not be utilized during basic cleaning.
7.2.4 - Hoods are not addressed in this section.
7.2.4.2 - This text is redundant with 7.2.3.2.
7.2.4.3 - Cleaning the entire garment is not necessary every time if only spot cleaning is required.
7.2.5 through 7.2.8 - This text is more applicable to an advanced cleaning process, not a routine cleaning process.
7.3.1 - The upper case V indicates third-party verified.
7.3.4 - The upper case V indicates third-party verified.
7.3.4 (7) -Tools and accessories can damage garments during the drying process.
7.3.7 -Tools and accessories can damage garments during the washing process.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-38     Log #17  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
If it is necessary to totally immerse the helmet, the impact cap, where present, shall be separated from the helmet

shell. Each element component shall be washed and dried separately before reassembly.
Helmets are not required to have an impact cap, therefore this should apply only when present.

See Committee Action on Proposal 1855-37 (Log #CP6).
The technical committee accepted the proposal in principle, and provided the revised text as

seen in Proposal 1855-37 (Log #CP6) to address this issue.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-39     Log #16  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
7.2.5.3 Helmets shall not be machine cleaned or dried using equipment that produces mechanical action from tumbling

or agitation.
7.2.6 Additional Requirements for Routine Cleaning of Glove Elements. Glove elements shall not be machine cleaned

or dried using equipment that produces mechanical action from tumbling or agitation.
7.2.7 Additional Requirements for Routine Cleaning of Footwear Elements. Footwear elements shall not be machine

cleaned or dried using equipment that produces mechanical action from tumbling or agitation.
7.2.8 Additional Requirements for Routine Cleaning of Goggle Elements. Goggle elements shall not be machine

cleaned or dried using equipment that produces mechanical action from tumbling or agitation.
These requirements should also include cleaning since this is the cleaning section of the chapter. If

this was only intended to relate to drying then these paragraphs should be moved to the drying section of the chapter.

See Committee Action on Proposal 1855-37 (Log #CP6).
The technical committee accepted the proposal in principle, and provided the revised text as

seen in Proposal 1855-37 (Log #CP6) to address this issue.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-40     Log #58  FAE-SCE

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
Advanced cleaning and any necessary testing shall be performed by a verified ISP, ISP, or the organization's trained

personnel.
The standard must clearly differentiate between an ISP and a verified ISP, and the fact that ISPs

which are under no scrutiny must have manufacturers' training to perform advanced cleaning and to train organizations
on advanced cleaning.  Verified ISPs on the other hand have chosen to invest in developing NFPA 1851 complaint
processes and have chosen to have these processes scrutinized and deemed acceptable by a third party certification
organization.

See Committee Action on Proposal 1855-37 (Log #CP6).
The technical committee accepted the proposal in principle, and provides the text addressing

this issue in Proposal 1855-37 (Log #CP6).

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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Report on Proposals  –  November 2012 NFPA 1855
_______________________________________________________________________________________________
1855-41     Log #59  FAE-SCE

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

The following procedures shall be used for machine washing:
(1)* The machine shall not be overloaded.
(2)* Heavily soiled or spotted areas shall be pretreated. Chlorine bleach, chlorinated solvents, active-ingredient

cleaning agents, or solvents shall not be used without the ensemble or ensemble element manufacturer's approval.
(3) All closures, including pocket closures, hooks and loops, snaps, zippers, and hooks and dees shall be fastened.
(4)  All garments should be placed into a mesh laundry bag for machine cleaning.
(4)* (5)* Water temperature shall not exceed 40°C (105°F).
(5) (6) A mild detergent with a pH range of not less than 6.0 pH and not greater than 10.5 pH as indicated on the

product MSDS or original product container shall be used.
(6)* (7)* Washing machines with the capability of drum RPM adjustment shall be adjusted so the g-force does not

exceed 100 g for all elements.
(7)* (8) Machine manufacturer's instructions shall be followed for proper setting or program selection for the specific

element being washed.
(8) (9) The element shall be inspected and rewashed if necessary.
(9)* (10)* Where the machine is also used to wash items other than protective ensemble, it shall be rinsed out by

running the machine without a laundry load through a complete cycle with detergent and filled to the maximum level with
water at a temperature of 49°C to 52°C (120°F to 125°F).

Garments should be placed in a mesh laundry bag for machine cleaning so the moisture barrier, which
is not sandwiched between other materials, is not damaged by rough spots, burns, or sharp edges that could be present
in the drum of the washer-extractor.

Revise text to read as follows:
The following procedures shall be used for machine washing:
(1)* The machine shall not be overloaded.
(2)* Heavily soiled or spotted areas shall be pretreated. Chlorine bleach, chlorinated solvents, active-ingredient cleaning
agents, or solvents shall not be used without the ensemble or ensemble element manufacturer's approval.
(3) All closures, including pocket closures, hooks and loops, snaps, zippers, and hooks and dees shall be fastened.
(4)  All garments and separable barriers shall be placed into a mesh laundry bag for machine cleaning.
(4)* (5)* Water temperature shall not exceed 40°C (105°F).
(5) (6) A mild detergent with a pH range of not less than 6.0 pH and not greater than 10.5 pH as indicated on the product
MSDS or original product container shall be used.
(6)* (7)* Washing machines with the capability of drum RPM adjustment shall be adjusted so the g-force does not
exceed 100 g for all elements.
(7)* (8) Machine manufacturer's instructions shall be followed for proper setting or program selection for the specific
element being washed.
(8) (9) The element shall be inspected and rewashed if necessary.
(9)* (10)* Where the machine is also used to wash items other than protective ensemble, it shall be rinsed out by
running the machine without a laundry load through a complete cycle with detergent and filled to the maximum level with
water at a temperature of 49°C to 52°C (120°F to 125°F).

The technical committee revised the text to clarify the intention of the section.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-42     Log #47  FAE-SCE

_______________________________________________________________________________________________
James M. Baker, TotalCare

7.3.7(10)
ADD – Cleaning and soaking agents shall not leave any residue or cause any degrading of the ensemble or ensemble

elements.
Preliminary testing of some products show a residue after cleaning. This issue is of particular concern

with the moisture barrier. It appears that this residue can cause premature seam tape failures.

Editorial: Note that another list item (10) has already been added, so this will be renumbered (11).

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-43     Log #CP7  FAE-SCE

_______________________________________________________________________________________________
Technical Committee on Special Operations Protective Clothing and Equipment,

Revise Chapter 8 to read as follows:
8.3 (4)  Delete "of the liner"
8.5 (5)  Change "liner" to "barrier"
8.1.1 All repairs shall be performed by the original ensemble or ensemble element manufacturer, Verified ISP, an ISP,
or a member of the organization who has received after training by either the manufacturer or by a Verified ISP or an
ISP in the repair of ensembles or ensemble elements.
8.1.3 Ensembles or ensemble elements shall be subjected to advanced cleaning, when necessary, before any repair
work is undertaken. Ensembles contaminated by CBRN terrorism agents shall be immediately retired after CBRN
exposure is confirmed and shall not be reused.
8.1.3.1 Ensembles contaminated by CBRN terrorism agents shall be immediately retired after CBRN exposure is
confirmed and shall not be reused.
8.1.6 Replacement interface components shall be installed in a manner consistent with the ensemble or ensemble
element manufacturer’s method of construction or recommendation.
8.2.4*  Replacement hardware shall be installed in a manner consistent with the garment element manufacturer’s
method of construction or recommendation.
8.3 (5) Repairs to non-barrier garment liner materials shall be permitted provided there is no stitching through the barrier
materials.
Delete 8.4.4 and A.8.4.4.
8.4.6 Restitching of more than 25 continuous mm (1 continuous in.) of a Major A seam and Major B shall require
consulting the garment element manufacturer or shall be performed by the garment element manufacturer or by a
verified ISP in a manner consistent with the garment element manufacturer’s methods.
8.4.7.1 Repairs to Major B seams in the thermal liner that do not affect any barrier material shall be permitted.
Restitching of more than 25 continuous mm (1 continuous in.) of any Major B seams shall require consulting the
garment element manufacturer or shall be performed by the garment element manufacturer or by a verified ISP in a
manner consistent with the garment element manufacturer’s methods.
8.7.2 Other than the replacement of bootlaces and lace-in zipper assemblies, all repairs to boots shall be performed by
the footwear element manufacturer or its designated ISP.
8.7.3 All replacement bootlaces and bootlaces and lace-in zippers shall be consistent with those provided by the
footwear element manufacturer.

The technical committee proposes revisions to Chapter 8 for the following reasons:
8.1.1 - Clarifies who can conduct repairs.
8.1.3 - The second sentence should have been split out as a second requirement, and CBRN deleted.
8.1.6  - Installation may be a recommendation as opposed to a method of construction.
8.2.4 - Installation may be a recommendation as opposed to a method of construction.
8.3 (5) - Delete 8.4.4 and Annex 8.4.4, and move text here. Text is more relevant to this paragraph.
8.4.6 - Clarifies text, refers to thermal liner.
8.4.7.1 - Deleted, this text is being added more appropriately to 8.46.
8.7.2 - Provides clarifying text by adding "lace-in."
8.7.3 - Provides clarifying text by adding "lace-in."

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-44     Log #60  FAE-SCE

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
All repairs shall be performed by the original manufacturer, a Verified ISP, an ISP, or a member of the organization

who has received training by a manufacturer, a Verified ISP, or by an ISP in the repair of ensemble or ensemble
elements.

The standard must clearly differentiate between an ISP and a verified ISP, and the fact that ISPs
which are under no scrutiny must have manufacturers' training to perform basic repairs and to train organizations on
basic repairs.  Verified ISPs on the other hand have chosen to invest in developing NFPA 1851 compliant processes
and have chosen to have these processes scrutinized and deemed acceptable by a third party certification organization.

See Committee Action on Proposal 1855-43 (Log #CP7).
The technical committee accepted the proposal in principle, and provides the text addressing

this issue in Proposal 1855-43 (Log #CP7).

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-45     Log #18  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
If replacing trim visibility markings necessitates sewing into a Major A seam, trim visibility markings replacement shall

be done only be the garment element manufacturer or by a verified ISP unless the organization is also a verified ISP.
The term trim has been changed to visibility markings.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-46     Log #CP8  FAE-SCE

_______________________________________________________________________________________________
Technical Committee on Special Operations Protective Clothing and Equipment,

Delete paragraph 9.1.3 and renumber section.
Paragraph 9.1.3 conflicts with paragraph 9.1.8.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-47     Log #19  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
10.1.2* Technical rescue protective ensembles and ensemble elements shall be retired in accordance with 10.2.1, no

more than 10 years from the date the ensembles or ensemble elements were manufactured. Technical rescue
protective ensembles and ensemble elements that have followed the cleaning, inspection and repair requirements of
this standard at least annually shall be retired 10 years from the date the ensemble or ensemble element was issued to
be worn.  Technical rescue ensembles and ensemble elements that have not followed the cleaning, inspection and
repair requirements of this standard at least annually shall be retired no more than 10 years from the date the
ensembles or ensemble elements date of manufacture.

Ensembles and Ensemble elements that at least annually have been properly cared for, inspected and
maintained in accordance with the requirements of this standard should be allowed to be retired more than 10 years
after placement in service.  By following a program for inspection, care and maintenance as outlined in this standard
there is a protocol that has been established for proper review of the ensemble or ensemble element to ensure its
continued fitness for use.  In the absence of a care and maintenance program then the element should be required to be
retired 10 years from the date of manufacture.

See Committee Action on Proposal 1855-48 (Log #CP9).
The technical committee accepted the proposal in principle, and provided the revised text as

seen in Proposal 1855-48 (Log #CP9) to address this issue.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-48     Log #CP9  FAE-SCE

_______________________________________________________________________________________________
Technical Committee on Special Operations Protective Clothing and Equipment,

Revise text to read as follows:
10.1.2*  Technical rescue protective ensembles and ensemble elements shall be retired in accordance with 10.2.1, no
more than the number of years after date of manufacture indicated in Table 10.1.2.

****Insert Table 10.1.2 Log #CP9 Here****

The technical committee is proposing to add a table that identifies the potential life spans of different
elements.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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Table 10.1.2 Mandatory Retirement 

Type Garment Gloves Helmet Boots 
Utility 15 yrs 5 15 15 
Rescue/Recovery 10 10 15 15 
CBRN 10 10 15 15 
 



Report on Proposals  –  November 2012 NFPA 1855
_______________________________________________________________________________________________
1855-49     Log #20  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
Retired technical rescue protective ensembles and ensemble elements shall be destroyed or disposed of in a manner

ensuring that they will not be used in any fire fighting or emergency activities, including live fire training.
Technical rescue elements are not intended to be used for fire fighting therefore this terminology

should be removed.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-50     Log #21  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
For training that does not involve live fire, provided the ensembles and ensemble elements are appropriately marked

as being for non-emergency training only.
Technical rescue elements are not intended to be used for fire fighting therefore this terminology

should be removed.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-51     Log #22  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
For verification of an organization’s or an ISP’s repair services, the following series of tests shall be required for each

repair category for which the organization or the ISP is verified.  Testing shall be conducted using new materials as
outlines in Table 11.3.7 (a) through Table 11.3.7 (c) and Table 11.3.7 (b).

Delete existing table 11.3.7 (b) and renumber existing table 11.3.7(c) as 11.3.7(b).
Technical rescue garments do not have liners; therefore verification of these components is not

required.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

30Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1855
_______________________________________________________________________________________________
1855-52     Log #CP10  FAE-SCE

_______________________________________________________________________________________________
Technical Committee on Special Operations Protective Clothing and Equipment,

Revise Chapter 12 as follows:
12.3.5.1 Change "liner" to "barrier"
12.3.5.2 Change "liner" to "barrier"
Delete 12.2.2, A.12.2.1 and A.12.2.3.1. Renumber Chapter 12 accordingly.
12.2.3.2 A 5 gal bucket or similar container with a 12” diameter shall be used to support the liner barrier during
evaluation.
12.2.4.2 The evaluation shall be conducted using the following procedure:
(1) If possible, separate the liner barrier from the outer shell.
(2) Orient the liner such that the barrier material is on the outside.
(3) Position the dry liner barrier over the bucket with the innermost layer facing down and the interior layer facing up.
(4) Cup the liner barrier area that is being evaluated, so that it is lower than the surrounding liner.
12.2.5.1 The liner barrier shall be visually inspected for leakage on the innermost layer side after 3 1 minutes.
12.2.5.2 If any liquid passes through the barrier material and wets the lining material or other interior layer, the liner shall
be removed from service and repaired or replaced evaluated per section 6.4.
12.2.5.3 After the evaluation procedure has been performed, the liner barrier shall be cleaned and allowed to completely
dry to remove all traces of the alcohol–tap water mixture.
12.3.2.1.2 In addition to the areas listed in 12.3.2.1.1 where potential damage to the garment outer shell or the
innermost layer barrier has been detected, the evaluation shall be conducted on the corresponding area of the barrier
material. Where potential damage to the garment barrier material has been detected, the evaluation shall also be
conducted on that area.
12.3.3.1 (3) The apparatus shall have a clamping area that provides a water exposure and viewing area that is at
least 50 75 mm (2 3 in.) in diameter.
12.4 Footwear Water Resistance Evaluation.
12.4.1 Application. This evaluation method shall apply footwear.
12.4.2  Procedure
12.4.2.1 The evaluation shall be conducted using the following procedure:
(1) Paper toweling shall be placed inside the footwear specimen such that the paper toweling intimately contacts all
areas inside the footwear specimen to a minimum height of 200 mm (8 in).
(2) The footwear specimen shall be placed in a container that allows the entire footwear to be immersed in tap water.
(3) The container shall be filled with tap water to a height of 200 mm +0, -25mm (8 in. +0, -1 in.).
(4) After 3 minutes, the paper toweling shall be removed and examined for evidence of liquid leakage.
(5) If any water passes through the footwear, the footwear shall be removed from service and repaired or replaced.
(6) If no water passes through the footwear, the footwear shall be allowed to dry completely before being returned to
service.

The technical committee proposes to revise Chapter 12 for the following reasons:
12.2.3.2 - for consistency of testing.
12.2.4.2 - for terminology consistency, changes from "liner" to "barrier."
12.2.5.1 - Since there is no thermal liner in these garments, one minute will be sufficient to show leakage.
12.2.5.2 - This change identifies the location of the evaluation section.
12.2.5.3 - This change is for consistency with other changes.
12.3.2.1.2 - The second sentence is now redundant with first sentence changes.
12.3.3.1 (3) - Increased size of apparatus viewing area to test a more representative sample area.
12.4 - The TC is adding a footwear water resistance evaluation to the chapter on testing.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-53     Log #23  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Delete the entire section numbered 12.1 and renumber remaining chapter.
Technical rescue garments do not have liners; therefore the light degradation test is not required for

these types of garments.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-54     Log #CP11  FAE-SCE

_______________________________________________________________________________________________
Technical Committee on Special Operations Protective Clothing and Equipment,

Revise Annex A.5.1.8 (2) (1) as follows:
A.5.1.8(2)(1)(e) Change "liner" to "barrier"
A.5.1.8(2)(1)(j) Change "liner" to "barrier"
A.5.1.8(2)(1)(r) Change "liner" to "barrier"
A.5.1.8(2)(1)(s) Change "liner" to "barrier"
A.6.3.5.1(4) Change "liner" to  "barrier" (2 places)
A.6.4.3 Change "liner" to "barrier" (3 places)
A.7.3.7(2) Change "liner" to "barrier"
A.7.3.9.2 Change "liner" to "barrier" (5 places)
A.10.1.2 After discussion of the concept of mandatory retirement for protective elements, the consensus of the technical
committee, led by the fire service segment, is that the life of a turnout suit is generally less than 10 years. Mandatory
retirement is from the date of manufacture Regardless of when the element was originally produced, and recognizes
that these ensembles and ensemble elements may be stored and unused for long periods of time. it is imperative that
the The protective elements should be routinely inspected to ensure that they are clean, well maintained, and still safe.
Just knowing the age of the elements does not guarantee they are still serviceable cannot do that.

The technical committee is changing the term "liners" to "barriers" for consistency throughout the
document. In A.10.1.2, the first sentence is related to the fire service, and is being deleted.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-55     Log #24  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
Some departments organizations utilize rental or loaner gear.  Records should also be maintained on these ensembles

and ensemble elements in order to maintain a history on the care and maintenance of the products.  The fire department
organization should require that the entity providing the gear provide the records of prior care and maintenance at the
time of rental.

Technical rescue garments are used by organizations other than just fire departments, therefore the
terminology should be generic to organizations.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-56     Log #25  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
Extra caution should be practiced to avoid exposing children to soiled protective equipment because they usually are

more interested in actually touching or handling the equipment than are adults.  Children are also less likely to wash off
any dirt or soot that they might pick up from handling ensembles or ensemble elements. Departments Organizations
should consider dedicating PPE solely for use at public education events to minimize public exposure to soils and
contaminants.

Technical rescue garments are used by organizations other than just fire departments, therefore the
terminology should be generic to organizations.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-57     Log #38  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

This table should be reviewed to determine if all of these hazards apply to technical rescue
ensembles and ensemble elements as some are more specific to fire fighting applications.

This table was developed for fire fighting ensembles and ensemble elements, therefore the technical
committee should review the table for applicability.

See Committee Action on Proposal 1855-9 (Log #CP4).
The technical committee accepted the proposal in principle, and provided text to address the

issue in Proposal 1855-9 (Log #CP4).

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-58     Log #26  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

In the last sentence in the next to last paragraph:
This approach allows fire departments organizations to compare prices and product acceptability.

Technical rescue ensembles and ensemble elements apply to more than just fire departments;
therefore the terminology used should be more generic.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-59     Log #27  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Delete A.5.1.8(1)(b) Lining material and A.5.1.8(1)(f) Wristlets, material, design.
Technical rescue garments so not require the use of lining material and wristlets therefore they should

be removed from this list.

Delete A.5.1.8(1)(b) Lining material and revise text as for A.5.1.8(1) (f) Wristlets, material design, if present.
In the last sentence of this Annex item, delete the word "required" and change 1971 to 1951.

The technical committee accepted the proposal in principal, and provides the editorial
corrections that appear in the meeting action.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-60     Log #28  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
(e) Any additional liner barrier material requirements
(o) Any requirements for spot or localized enhanced insulative performance
(s) Any requirements for barrier material substrate or liner fill accessibility to allow field inspection

Technical rescue garments may have a barrier but not a liner so modifications to this list is required.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-61     Log #29  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
(f) Any specific requirements for earflaps (design, materials, dimensions, attachment to shell specifics); if the

organization determines ear flaps are required as they are not required in NFPA 1971.
Technical rescue helmets are not required to have ear flaps therefore this item should only apply if the

organizations specifies such.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-62     Log #30  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
(a) Any additional certification requirements (e.g., Project FIRES, state OSHA, federal OSHA).

Project FIRES would not apply to Technical rescue PPE.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-63     Log #46  FAE-SCE

_______________________________________________________________________________________________
James M. Baker, TotalCare

When inspecting elements for soiling consideration should be given to the accumulation of dirt,
mud or other grime that could cause degradation of the element. Perspiration and its remains could also degrade the
element or components of the element and should be considered when evaluating for soiling.

The definition of soiling is generic and does specifically call out everyday soiling that should be
considered when evaluating PPE elements. This comment adds appendix language to more clearly define and illustrate
what should be considered when evaluating the element.

Asterisk 6.1.2, and add the proposed text as an Annex item A.6.1.2.
A.6.1.2  When inspecting elements for soiling consideration should be given to the accumulation of dirt, mud or other
grime that could cause degradation of the element. Perspiration and its remains could also degrade the element or
components of the element and should be considered when evaluating for soiling.

The technical committee accepted the proposal in principle, and provides the clarifying text as
shown in the meeting action.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-64     Log #39  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

The technical committee should review these tables for accurateness after revisions are made to
the standard to ensure all items are applicable to Technical Rescue PPE and are mandatory components of PPE.  The
tables should be revised to correct any inconsistencies.

There currently are omissions and errors in the tables based on the current requirements of the draft
document.  In addition there will be revisions to the requirements in the document during the ROP meeting.  Therefore
the tables should be reviewed and updated accordingly after all changes are made.

Delete existing Table A.6.2.2.

***Insert Rev Table A.6.2.2***

Delete existing Table A.6.3.5

***Insert Rev Table A.6.3.5***

A task group reviewed the tables and provided the amended tables as shown in the meeting
action.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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Table A.6.2.2 Routine Inspection Criteria 
Criteria Garments Helmets Gloves Footwear Goggles 
Soiling  X  X  X  X   
Contamination  X  X  X  X   
Tears and cuts  X  X  X  X   
Damaged missing hardware or 
closure system  

X         

Charring, burn holes, melting  X  X  X  X   
Shrinkage  X  X  X  X   
Material discoloration  X  X  X  X   
Damaged or missing visibility 
markings  

X  X      

Loss of face opening elasticity or 
adjustability  

         

Cracks, dents, abrasions    X  X     
Bubbling, soft spots, warping    X       
Damaged or missing 
components of suspension or 
retention systems  

  X       

Damaged or missing 
components of including 
discoloration and scratched 
lenses  

       X  

Damaged strap or loss of 
elasticity 

    X 

Inverted glove liner      X     
Exposed or deformed protective 
toe, protective midsole, or shank  

      X   

Loss of water resistance        X   
Closure system component 
damage and functionality  

      X   

Size compatibility  X      
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Table A.6.3.5 Advanced Inspection Criteria 
Criteria Garments Barrier Helmets Gloves Footwear Goggles Hoods Interface 

Devices 
Soiling  X  X X  X  X  X X  X 
Contamination  X  X X  X  X   X   
Tears and cuts  X  X X  X  X   X   
Damaged or missing 
hardware or closure 
system  

X   X  X  X   X  X 

Charring, burn holes, 
melting  

X  X X  X  X   X   

Shrinkage       X        
Material degradation 
(UV or chemical 
damage)  

X  X X  X  X   X   

Material discoloration  X  X X  X  X   X   
Visibility marking 
integrity, attachment to 
garment, reflectivity 
damage  

X   X          

Loss of face opening 
elasticity or 
adjustability  

          X   

Cracks, dents   X X    X      
Abrasions X X X  X    
Bubbling, soft spots, 
warping  

   X    X      

Damaged or missing 
components of the 
suspension and 
retention systems  

   X      X    

Damaged or missing 
components including 
discoloration and 
scratched lenses  

   X      X    

Inverted glove liner       X        
Exposed or deformed 
protective toe, 
protective midsole, or 
shank  

       X      

Loss of water 
resistance  

  X   X  X      

Evaluation of system fit 
and coat/trouser 
overlap  

X             

Loss of seam integrity    X   X        
Broken or missing 
stitches  

  X   X     X   

Loss or shifting of liner 
material  

    X        

Loss of wristlet 
elasticity, stretching of 
wristlet  

     X        
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Label integrity and 
legibility  

X   X  X  X   X   

Hook and loop 
functionality  

X   X    X      

Barrier attachment 
system  

X  X           

Material elasticity, 
stretching out of shape  

          X   

Damage to the impact 
cap  

   X          

Loss of flexibility     X          
Punctures, cracking, or 
splitting  

  X     X   X   

Excessive tread wear         X      
Condition of liner: 
tears, excessive wear, 
separation from outer 
layer  

       X      

Delamination, 
separation 

X X  X     

Size compatibility  X             
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_______________________________________________________________________________________________
1855-65     Log #61  FAE-SCE

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
For any inspection program to be effective, ensembles and ensemble elements should be evaluated by trained

individuals,  The individuals evaluating the ensembles and ensemble elements should understand the limitations of each
element and recognize the signs of failure.  Utilizing trained individuals provides consistency on whether an item should
be repaired or retired.  The manufacturer, verified ISP or ISP and organization should determine the level of training
required to perform advanced inspections.  Resources for training that should be considered, as a minimum, are the
manufacturer(s) of the elements in use, the Fire and Emergency Manufacturers and Services Association (FEMSA) user
guides; NFPA 1500, ; and professional cleaning
and repair facilities.

Adding verified ISP or ISP makes A.6.3.2.1 consistent with line 4.2.5 reference to ISP, and our
proposal for 4.2.5 to differentiate between ISP and verified ISP.

Revise text to read as follows:
A.6.3.2.1 For any inspection program to be effective, ensembles and ensemble elements should be evaluated by trained
individuals,  The individuals evaluating the ensembles and ensemble elements should understand the limitations of each
element and recognize the signs of failure.  Utilizing trained individuals provides consistency on whether an item should
be repaired or retired.  The manufacturer, vVerified ISP or ISP and organization should determine the level of training
required to perform advanced inspections.  Resources for training that should be considered, as a minimum, are the
manufacturer(s) of the elements in use, the Fire and Emergency Manufacturers and Services Association (FEMSA) user
guides; NFPA 1500, ; and professional cleaning
and repair facilities.

The technical committee accepted the proposal, capitalizing the V in verified indicates
third-party verification, and for consistence with the actions taken on similar proposals.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-66     Log #31  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

In the second sentence make the following revision:
For example, one side of a multilayer laminate material or quilted material might show damage while the other side

might not.
Technical rescue garments do not utilize quilted materials like fire fighting garments do so the

language requires revision.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-67     Log #32  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
While all materials and components in garment elements are susceptible to different types of damage from wear or

abuse, the barrier material is one of the most difficult parts of the rescue and recovery technical rescue protective (or
CBRN technical rescue) garment element to inspect and evaluate.  That is because the film or coating side of most the
barrier materials faces the interior of the liner outer shell and if sewn around the perimeter and is hidden from easy
examination.  Even if a garment is equipped with a means of opening shell and barrier the liner to view the film or
coating side, it is difficult to conduct a visual evaluation of the barrier material film or coating.  Even physical examination
of the barrier material film or coating side will not detect all types of damage or defects that can lead to loss of liquid
penetration resistance for the garment element.

This language was written to describe fire fighting garments, it requires modification to describe how
technical rescue garments are assembled.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-68     Log #40  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
Helmet shells, helmet faceshields or goggles can pit or craze.

Technical rescue helmets do not require face shields.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-69     Log #33  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise the following sentence in this annex item to read:
For example, the tear strength of a material can be measured at a level of 11.4kg (25 lb) 35N (7.87lbf) before cleaning

and then 10kg (22lb) 30N (6.75lbf) after several cycles, whereas a different material could begin at 18.2kg (40 lb) 50N
(11.24lbf) and drop to 11.4kg (25lb) 35N (7.87lbf) after the same number of cleaning cycles.

Modifications in values are proposed to make them more relevant to the pass/fail criteria in NFPA
1951.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-70     Log #41  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

In the second paragraph, revise as follows:
Soiling is not always visible and can be difficult to observe on a darkly colored materials. In addition, exposure can

occur where ensemble elements are contaminated with fire gasses, resulting in ensemble elements that can be
relatively unsafe for use.  Ensemble elements that have not been cleaned and appear to be unsoiled have been shown
to contain numerous fire gas chemicals, including carcinogenic polynuclear aromatic compounds. Periodic cleaning is
required to avoid use of ensemble elements that could be contaminated without visible evidence of soiling.

These requirements are more applicable to structural fire fighting ensembles and not technical rescue
garments.

The technical committee believes this information is still relevant to the users of the document.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-71     Log #62  FAE-SCE

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
Machine cleaning is the most effective method for cleaning ensemble elements such as coats, trousers, coveralls, and

hoods.  It is the most effective means of loosening and removing dirt, soot, and other debris. Presently there are two
basic types of automatic washing machines are commonly available for use by end-users: top-loading agitator style
machines and front-loading washer/extractors. New technologies are emerging every day in the cleaning industry that
will affect options available to both the end-user as well as the ISP for all ensemble elements.  At this time, if is generally
accepted that front-loading machines are more appropriate for protective ensemble and ensemble elements, where
allowed by the element manufacturer.

There are several new technologies that are close to being brought to market that may not use
washing machines and could theoretically clean all ensemble elements.  Although the standard does mention "emerging
technologies: it implies these technologies are applicable to machine washing of fabric elements. If new cleaning
technology that is proven effective and safe for all elements is introduced, the standard should contain language that
would make it eligible for compliance.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-72     Log #63  FAE-SCE

_______________________________________________________________________________________________
Vicki Smith, LION Apparel

Revise text to read as follows:
Top-Loading Washers.  Top-loading machines are similar to those used in most homes. They use a center post

agitator to whisk water through the fibers of garments.  They are designed to clean multiple garments of minimum bulk.
As a result of the center post agitation, it is generally accepted that top-loading machines are more damaging to
ensembles and ensemble elements than front-loading machines.  Top-loading, agitating machines have the potential to
reduce the longevity of garments due to mechanical damage. If top-loading machine are used, stainless steel wash tubs
free of rough spots, burrs, or sharp edges are recommended to protect against rusting, chipping, snags and the
associated wear on and damage of garments.

Front-Loading Washers.  Front-loading washers have a door on the front of the machine through which garments are
loaded.  They clean by lifting garments out of the water and gently dropping them back into the water.  These units
provide better mechanical action because of the size and type of rotation, as well as the degree of extraction.  They
have various capacities and are designed to handle heavy loads of bulky items and also to save water and energy.  For
those reasons, it is generally accepted that front-loading machines are more appropriate for protective clothing. If
front-loading machines are used, stainless steel wash tubs free of rough spots, burrs, or sharp edges are recommended
to protect against rusting, chipping, snags and the associated wear on and damage of garments.

The moisture barrier is relatively unprotected in most technical rescue garments; therefore exposure to
rough or sharp surfaces could damage it during mechanical cleaning.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-73     Log #53  FAE-SCE

_______________________________________________________________________________________________
Daniel J. Gohlke, W. L. Gore and Associates

Add new text to read as follows:
Washing and drying should be conducted to be as little physically damaging as possible.  Precautions, such as

removing hardware and tools from pockets, separating shells from liners, closing all closures, laundering in a laundry
bag, etc., are all designed to reduce physical damage.  Hard heavy accessories (e.g. harnesses, carabineers) and
findings (e.g. D-rings) beating on the garments against the washer and dryer drums can be very damaging to garments,
especially barriers.  Any and all precautions should be taken to avoid this source of damage.

This is valuable advice.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-74     Log #34  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Revise text to read as follows:
Advanced cleaning includes washing both the inside and outside surfaces of the helmet carefully, using a soft brush to

reach between components and into difficult to access spaces, and washing the eye/face protection goggles. It is
usually not necessary to completely submerge a helmet for cleaning unless it is being inspected for damage or repairs
are being performed in conjunction with the cleaning.  The helmet should be thoroughly washed prior to disassembly to
prevent the migration of dirt and contamination.

Technical rescue helmets use goggles, the term eye/face protection is more applicable to fire fighting
helmets.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-75     Log #35  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Delete the following text:
While some loss of quilting threads on thermal liners is the normal result of wear, excessively large areas where quilt

stitching is broken or missing can indicate the need to replace the liner.
Technical rescue garments do not use thermal liners; this annex item does not apply to technical

rescue garments.

Affirmative: 17
2  Byrne, C.,  Paderick, H.

_______________________________________________________________________________________________
1855-76     Log #45  FAE-SCE

_______________________________________________________________________________________________
James M. Baker, TotalCare

The chart indicates Amount Allowed per Set. It should read Amount Allowed per Garment.
Amount of Original Cost column %s should be adjusted to allow for higher repair cost.  %s should be adjusted to 90%,

70% and 60% for the first three years respectively.
The word set was incorrectly used and should have referred to garment.

The existing % matrix would condemn garments after the first year of use if the moisture barrier required replacement.
Raising the % figures would allow for moisture barrier replacement without condemning the garment.

Delete the last sentence of A.10.1.3, and delete Table A.10.1.4 as numbered in the document.
The technical committee believes that the inclusion of this table leads to more confusion than it

provides for clarification.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1855-77     Log #36  FAE-SCE

_______________________________________________________________________________________________
Karen E. Lehtonen, Lion

Delete this paragraph, the light evaluation should not apply to technical rescue garments as they
do not have the type of lining materials this was intended to evaluate.

Technical rescue garments do not use thermal liners; this annex item does not apply to technical
rescue garments.

Affirmative: 17
2  Byrne, C.,  Paderick, H.
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_______________________________________________________________________________________________
1981-1     Log #1  FAE-RPE

_______________________________________________________________________________________________

Tom Kissner, Smithsburg, MD
Instead of changing the cylinders, why don't you just change the bracket that holds the cylinder?

Make all of the manufactures can to a ratchet type assembly. Have NIOSH and OSHA lift there cylinder requirement by
the same manufacture to gain there certification for use.

Agree, but with changes.

The technical committee rejected this proposal because it is outside the scope of the standard.
This is an apparatus design issue.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

_______________________________________________________________________________________________
1981-2     Log #2  FAE-RPE

_______________________________________________________________________________________________

David Covington, San Antonio Fire Department
It is my understanding that the committee is working on cylinder interoperability compatibility.

Although this may be a good idea, I caution the committee to consider it very carefully in light of recent events in San
Antonio.  We recently experienced a number of o-ring failures where the SCBA valve screws in to the cylinder.  After
sending units to NIOSH and Southwest Research Institute (a respected research lab in San Antonio), we have found
that the type of fitting that we now use in our SCBA cylinders is antiquated and based on a 1965 CGA standard.

The engineers at SWRI have concluded that the design is flawed and this would explain our o-ring
failures.  Our informal poll of departments confirmed that virtually all SCBA manufacturers have o-ring issues.  The CGA
spec does not include an o-ring but allows it when hand tightening.  We have more information if you wish to see it, but
the real issue is that it would be wrong to build an interoperability based on a defective design that has plagued the fire
service for many years.  The correct method would be to consult the dive people who have ditched the design and work
out a new fitting that works for firefighters.

NIOSH is the federal agency that writes standards for respiratory protection. The CGA fitting
specified in 42 CFR Part 84 meets the performance requirements of the current NIOSH and NFPA standards.
Since the federal standards incorporated the CGA fitting for cylinder filling in 1972, many hundreds of approvals have
been processed. There have been very few complaints relative to the CGA connector, and there is no body of evidence
indicating the current CGA standard is inherently flawed. Furthermore, CGA would be the appropriate body to modify
this standard. NIOSH uses industry and consensus standards wherever possible. NIOSH does not prohibit the
manufacturer from employing other types of connectors in addition to the CGA-compatible connectors. Several SCBA
manufacturers incorporate an additional fitting.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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_______________________________________________________________________________________________
1981-3     Log #3  FAE-RPE

_______________________________________________________________________________________________

I. David Daniels, International Association of Fire Chiefs
The Safety, Health and Survival section of the IAFC is in favor of changes to SCBAs that provide

for interoperability. To this end, we believe that the most effective approach would be to require the retroactive
installation of a standardized RIC/RIT connection, in addition to requiring that all new assemblies be provided with the
connection. We agree that work needs to be done on cylinder standardization, but do not feel it reasonable to expect
that this would occur in a reasonable period of time, given the technical financial and legislative changes that will be
necessary to accomplish this.

The problem with cylinder standardization in the standard is the reality that many agencies will not be
able to comply with the requirement in the short term principally for financial reasons. Fire Departments continue to
struggle with shrinking budgets; therefore, it does not seem like a good idea to create a requirement that few will strive
to achieve due to perceptions barriers, when the same objective can be achieved by alternative means. Further, a
requirement in the standard for standardization of cylinders may create a greater safety hazard in its place if
organizations elect to ignore it.

An RIC UAC connection is a required component on all SCBA certified to the 2002 and 2007
Editions of NFPA 1981. Design and performance requirements cannot be added to past editions of NFPA 1981.
However, replacement parts, components and add-on accessories are permitted, as explained in paragraphs 4.2.8.1
and 4.2.8.2 of NFPA 1981, 2007 Edition. An SCBA upgrade to the 2007 Edition of NFPA 1981 is permitted under the
conditions specified in NFPA 1852,

, 2008 Edition.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

_______________________________________________________________________________________________
1981-4     Log #4  FAE-RPE

_______________________________________________________________________________________________

Roger Donnellan, Waynesville, NC
Every new SCBA purchased has a RIT fitting at the cylinder valve.  This RIT fitting is universal on

all new SCBA no matter the manufacturer.  The new NFPA update on SCBA proposed enhanced communications and
CBRN, both of these proposed upgrades are long overdue.  You should also include a self rescue on SCBA's harness,
when all other avenues are closed.

I suggest removal of all 2,200 psi and 3,000 psi SCBA's cylinders and upgrade to 4,500 psi 1,200, 1800 and 2400
liters.  All cylinder valve outlets should be on the same side.

I disagree that there will be no more innovations on SCBA's.

NFPA 1981 deals with respiratory protection, not with rescue harnesses. Self-rescue devices
are commercially available, and NFPA 1981 does not preclude their use as an accessory in conjunction with an SCBA.
The proposer provides no substantiation, so it is difficult to address the portion of the proposal dealing with cylinder
pressure. Cylinder pressure does not determine cylinder volume. Limiting pressure would be design-restrictive, and the
TC sees no benefit in eliminating pressure options. Again, the proposer provides no substantiation for the portion of the
proposal dealing with cylinder valve outlets. There is not enough information provided to determine the need, and the
technical committee is rejecting this proposal because it is design-restrictive.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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_______________________________________________________________________________________________
1981-5     Log #5  FAE-RPE

_______________________________________________________________________________________________

Tom May, Rochester, NY
I would like to comment on the SCBA Standard 1981.

The heads up display is a good idea to remind wearers of their air supply, but I have found problems.  In very dark
conditions the bright lights opposes one's night vision.  While searching for both life and fire I find the heads up display
very distracting, and I feel more blind than usual.

My suggestion is to try using all red lights to allow better night vision, or just one red light that comes on at 1/2 the
bottles capacity.

The current heads up display could cause as many problems as it solves.  I can imagine that some
one could miss the signs of rollover, or miss finding a fire when the glow of a fire is not seen due to that blinding green
light in one's face.

I have heard the same comments from other firefighters, but no one seems to know how to make changes.  I assume
this is a start.  I have also heard that NFPA codes are mainly developed by industry and those who do not use the
firefighting equipment.  I hope that the firefighters who use the equipment are listened to.

The HUD is required to display a signal in at least four increments of pressure to represent the
function of a gauge. A single light at 50% would not fulfill this requirement. There is no evidence to suggest that a
change to all red lights would improve any issues with glare. Also, there is no concrete evidence indicating one color is
less obtrusive than another when utilized in a Heads-Up-Display. In relation to night-blindness, there are compelling
arguments both for and against the use of the color red. Additionally, other research has shown the blue/greens and
yellow/greens would be preferable. Since there is no definitive evidence that would warrant a HUD light-color mandate,
the technical committee rejected the proposal.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

_______________________________________________________________________________________________
1981-6     Log #10  FAE-RPE

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

Develop criteria for alternative pressure vessel technology incorporated into SCBA.
Consideration should be provided in the revision of NFPA 1981 to alternative pressure vessels.  One

such pressure vessel technology based on an array of multiple non-metal lined pressures should be used as a model for
the development of new criteria that anticipate alternative pressure vessel implications for design and performance
criteria provided in NFPA 1981.  A project team lead by the IAFF will be willing to propose specific criteria for the
committee's consideration.

See meeting action on 1981-26 (Log #CP7).
NFPA 1981 does not preclude alternative pressure vessel technology to be incorporated into

SCBA. However, should a specific alternative pressure vessel be developed and certified that cannot be tested to
existing NFPA 1981 test methods, the technical committee will develop or modify test methods that would accommodate
such technology. See also 1981-26 (Log #CP7).

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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_______________________________________________________________________________________________
1981-7     Log #CP1  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Review entire document to: 1) Update any extracted material by preparing separate proposals to do
so, and 2) review and update references to other organizations documents, by preparing proposal(s) as required.

To conform to the NFPA Regulations Governing Committee Projects.

The technical committee reviewed the entire document to update any extracted material, and
reviewed and update references to other organizations documents. Separate proposals were prepared as required.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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_______________________________________________________________________________________________
1981-8     Log #CP4  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Add a new paragraph 1.3.1.1 as follows:
1.3.1.1 If the SCBA is equipped with an EBSS, the EBSS performance requirements set forth in this standard shall only

apply to open-circuit SCBA and combination SCBA/SARs used by the fire service for respiratory protection of its
personnel during the applications listed in 1.3.1.

Revise text as follows:
3.3.X EBSS Abbreviation for emergency breathing safety system.
3.3.X Emergency Breathing Safety System (EBSS). A device on an SCBA that allows users to share their available air

supply in an emergency situation.

***Insert Table 4.3.9 Here***

5.2.6 (5) Emergency procedures to be followed in the event of an out-of-air situation.

If an SCBA is equipped with an EBSS, it shall meet the performance requirements of 7.20 and 8.27.
Each EBSS shall operate off the pressure after the first stage pressure reducer of the SCBA.
The EBSS shall have an operating pressure of at least 5.5 bar (80 psi).
The EBSS shall have a male and female connection with a check valve feature to prevent inward

contaminants.
The EBSS pressure hose assembly shall be a minimum of 20” long.
The EBSS shall be accessible by the wearer.
The EBSS shall require only one action for connection of the donor’s fitting to the receiving SCBA’s fitting.
The EBSS shall require two distinctive actions to disconnect the fitting between the donor SCBA and receiving

SCBA.
The EBSS fitting(s) shall be equipped with a dust cap or sealing plug to prevent dust, dirt, and debris from

entering the fitting(s).
The connection of two EBSS shall be independent of the facepieces.

Each SCBA shall be tested independently for airflow performance as specified in Section 8.1, Airflow
Performance Test, and the SCBA facepiece pressure shall not be less than 0.0 mm (0.0 in.) water column and shall not
be greater than 89 mm (3½ in.) water column above ambient pressure from the time the test begins until the time the
test is concluded.

Each SCBA shall be tested independently for activation of EOSTI during the airflow performance testing
specified in Section 8.1, Airflow Performance Test, and each EOSTI shall activate as specified in 6.2.2 and shall
continue to operate throughout the remainder of the airflow performance test.

Each SCBA shall be tested independently for proper functioning of the HUD breathing air cylinder content
informational display and visual alert signals during the airflow performance testing specified in Section 8.1, Airflow
Performance Test, and the HUD shall display the visual information for the breathing air cylinder content as specified in
6.3.9.5 and shall display the visual alert signal as specified in 6.3.8.5.

The SCBA classified as the donor shall start at full cylinder pressure and the SCBA classified as the receiving
SCBA shall have a pressure of 7 bar + 0.6 bar/- 0 bar (100 psi + 10 psi/- 0).

Both SCBA shall be connected through the EBSS and shall be tested for cold environment as specified in 8.X
and the SCBA facepiece pressure shall not be less than 0.0 mm (0.0 in.) water column and shall not be greater than 89
mm (3½ in.) water column above ambient pressure from the time the test begins until the time the test is concluded.

The donor SCBA shall be tested for activation of EOSTI during the environmental temperature performance as
specified in Section 8.X, Emergency Breathing System Cold Temperature Performance Test.

The donor SCBA shall be tested for the proper functioning of the HUD breathing air cylinder content
informational display and the visual alert signal during the environmental temperature performance as specified in
Section 8.X, Emergency Breathing System Cold Temperature Performance Test.

This test method shall apply to two complete SCBA.
Each sample to be tested shall be as specified in 4.3.9.
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Specimens for conditioning shall be two complete SCBA.
Prior to testing, the SCBA shall be placed in an ambient environment of 22°C, ± 3°C (72°F, ±5°F) and RH of

50 percent, ±25 percent for a minimum 12-hour dwell period.
The air used in the SCBA breathing air cylinders shall comply with the quality requirements of NFPA 1989,

The SCBA shall be placed in an environmental chamber and positioned to simulate the normal wearing
position of the SCBA on a person as specified by the manufacturer.

During the cold temperature exposures the SCBA shall be mounted on a Scott Aviation Model No. 803608-01
or 803608-02 test head form or equivalent.

The thermocouple or other temperature-sensing element used shall be mounted within the chamber in a
manner in which it will be exposed directly to the chamber atmosphere.

Two test head forms shall be connected to two breathing machines specified in Section 8.1, Airflow
Performance Test.

The breathing machines shall be permitted to be located either inside or outside the environmental chamber.
.

The variation in pressure extremes caused by the cold temperature performance test configuration shall be
determined in the following manner. The airflow performance test as specified in Section 8.1, Airflow Performance Test,
shall be carried out using the configuration specified in 8.2.4 at the 103 L/min, ±3 L/min ventilation rate. The difference
in pressure between the two tests shall be calculated by subtracting the values obtained using the configuration defined
in 8.2.4 from the values obtained using the configuration specified in Section 8.1, Airflow Performance Test.

The breathing machine for the donor SCBA and for the receiving SCBA shall be such that they initially
operate out of phase of each other. At lease twice during the test duration the breathing machines must operate in
phase with each other.

The facepiece pressure during each entire test shall be read from the strip chart recorder and corrected by
adding the value of the difference in pressure calculated in 8.2.5.1 to determine pass or fail as specified in 7.2.1.1.

The dwell period between cold temperature tests shall be used for refilling the breathing air cylinder and
visually inspecting the SCBA for any gross damage that could cause unsafe test conditions.

The SCBA shall be cold soaked at -32°C, ±1°C (-25°F, ±2°F) for a minimum of 12 hours.
The SCBA shall then be tested for airflow performance as specified in Section 8.1, Airflow Performance Test,

at a chamber air temperature of -32°C, ±5°C (-25°F, ±10°F).
For the EBSS cold temperature performance test the airflow performance test shall begin after five cycles of

the breathing machine and shall continue to operate through at least 36 bar (520 psi) of cylinder inlet pressure.

The facepiece peak inhalation pressure and peak exhalation pressure shall be recorded and reported for
each test condition.

The activation and operation or the failure to activate and operate of the donor SCBA EOSTI shall be
recorded and reported.

The activation and identification of the donor SCBA HUD visual alert signals shall be recorded and reported.

The peak inhalation and peak exhalation shall be used to determine pass or fail performance for each test
procedure.

One or more specimens failing this test shall constitute failing performance.
Failure of the donor SCBA EOSTI alarm signal to activate and remain active during the test shall constitute

failing performance.
Failure of the donor SCBA HUD to display the breathing air cylinder content or to display the visual alert

signal during the test shall constitute failing performance.
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EBSS have advanced technologically over the years and, with proper training, can increase user
safety in emergency scenarios. At the ROP meeting in July 2011, the technical committee was informed by NIOSH
representatives that NIOSH is expected to change its policy regarding the use of EBSS via the issuance of a policy
amendment in August 2011. It is anticipated that NIOSH will rescind its former prohibition of EBSS for fire fighting, and
will allow certification and use of EBSS for that application only. The technical committee believes that, since EBSS will
soon become a permissible optional component of an SCBA, NFPA 1981 should include the minimum EBSS
performance requirements.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

_______________________________________________________________________________________________
1981-9     Log #8  FAE-RPE

_______________________________________________________________________________________________
Suleiman Said Al Adawi, Petroleum Development Oman

The standard should specify the spare self contained breathing apparatus cylinders proportionate
to the number of breathing apparatus sets based on decided numbers of BA sets in fire stations.  For instance 1 BA set
should have 1 spare cylinder.

NOTE:  I tried to read different standards and seek/exchange ideas with my colleagues but never come across to the
standard specifying the number of spare cylinders against BA sets.

The proposal will assist when new introduced fire station (zero base fire station i.e. if the fire station
decided to have 10 BA sets (including appliances and back up sets in general) then the required of additional 10 spare
BA cylinders might be essential.  Thus will cover for BA wearer to use 2 cylinders plus contingencies such as lost of air
incase face mask visor broken any other technical faults that cause lost of air, vast emergencies, volunteers, outage of
cylinders for hydrostatic pressure test etc.

NFPA 1981 is a performance standard, not a use or selection, care and maintenance standard.
The proposal deals with an issue related to SCBA selection.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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Table 4.3.9  Test Series 

Test  
Order 

Category A 
(SCBA #1) 

Category 
B (SCBA 

#2) 

Category 
C 

(SCBA 
#3) 

Category 
D 

(SCBA 
#4) 

Category 
E (SCBA 

#5) 

Category 
F (SCBA 

#6) 

Category G 
(Component 

Tests) 

Category 
H 

(Additional 
SCBA as 
required) 

1 Airflow (Section 
8.1) 

Airflow 
(Section 8.1) 

Airflow 
(Section 8.1) 

Airflow 
(Section 8.1) 

HUD 
visibility 
performance 
(Sections 8.17 
through 8.19) 

Low power 
capacity test 
(Section 8.26) 

Fabric flame 
resistance (Section 
8.4) 

EOSTI 
independent 
activation 
(Section 8.13) 

2 Facepiece carbon 
dioxide content 
(Section 8.12) 

Breathing air 
cylinder and 
valve 
assembly 
retention test 
(Section 8.22) 

Vibration 
resistance 
(Section 8.3) 

Heat and 
flame 
resistance 
(Section 8.11) 

HUD low 
power source 
visual alert 
signal test 
(Section 8.16) 

Heat and 
immersion 
leakage tests 
(Section 8.24) 

Fabric heat 
resistance (Section 
8.5) 

EOSTI 
recognition 
performance 
(Section 8.14) 

3 Mechanical voice 
diaphragm test 
(Section 8.10) 

Cylinder 
connections 
and 
accessibility 
test (Section 
8.23) 

— — Wiring 
connection 
performance 
(Section 8.15) 

— Thread heat 
resistance (Section 
8.6) 

Lens Convection 
(Section 8.29) 

4 Voice 
communications 
system test 
(Section 8.25) 

RIC UAC 
cylinder refill 
breathing 
performance 
(Section 8.20) 

— — Lens Radiant 
Heat 
(Section8.28) 

— Facepiece lens 
abrasion resistance 
(Section 8.9) 

— 

5 Environmental 
temperature 
(Section 8.2) 

RIC UAC 
system fill 
rate 
performance 
(Section 8.21) 

— — — — — — 

6 Particulate 
resistance 
(Section 8.8) 

Accelerated 
corrosion 
resistance 
(Section 8.7) 

— — — — — — 

         
 EBSS Cold 

Temp.  
Performance 
Test (+) 
(Section 8.27) 

EBSS Cold 
Temp. 
Performance 
Test (+) 
(Section 8.27) 

  
 

— — — — — 
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_______________________________________________________________________________________________
1981-10     Log #CP2  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Add the following new references to Chapter 2:
2.3.X IEC Publications. International Electrotechnical Commission, 3, rue de Varembé P.O. Box 131, 1211 Geneva 20,

Switzerland
2.3.X.1 IEC 60268-16:2003, Sound System Equipment – Part 16: Objective Rating of Speech Intelligibility by Speech

Transmission Index.
Add the following definitions to Chapter 3:
3.3.X (HATS) Head and Torso Simulator. A Head and Torso Simulator is a mannequin with built-in ear and mouth

simulators that provides a realistic reproduction of the acoustic properties of an average adult human head and torso.
3.3.X.1 (STI) Speech Transmission Index. A measure of intelligibility of speech quality on a scale of intelligibility whose

values varies from 0 = completely unintelligible to 1 = perfect intelligibility.
3.3.X.2 (SPL) Sound Pressure Level.  The local pressure deviation from the ambient (average or equilibrium)

atmospheric pressure caused by a sound wave.
All SCBA shall have a voice communications system that, at a minimum, shall consist of a mechanical speaking

diaphragm.
The voice communications system shall be designed to project sound without other persons needing a

receiver to hear the voice communications.
Where the voice communications system uses electronics, the design shall incorporate an indicator that the

system is “on.” This indicator shall be permitted to be positioned outside the user’s field of vision with the SCBA
facepiece properly donned.

Where the voice communications system uses electronics, the power source shall display a visual alert signal
indicating low power capacity.

Where the voice communications system uses electronics, the voice communications system shall be
designed to be switched off and on manually without the performance of the SCBA being affected.

Where the voice communications system is automatically activated, the operation of the on/off control shall
override the auto activation of the voice communications system without affecting the performance of the SCBA.

Where the voice communications system uses electronics, the voice communications system shall be
permitted to be equipped with an adjustable volume (gain) control.

Revise text to read as follows:
7.10 Non-Electronic Mechanical Diaphragm Communications Performance Requirements. The SCBA non-electronic

voice communications system shall be tested for communications performance as specified in Section 8.10, Mechanical
Voice Diaphragm Non-Electronic Communications Test, and shall have a Speech Transmission Index (STI) value of not
less than 80 0.45 percent.

7.17 Supplementary Voice Communications System Performance Requirements. If the SCBA is equipped with a
supplementary voice communications system as identified by the SCBA manufacturer, it shall be tested for
communications performance as specified in Section 8.10 25, Mechanical Voice Diaphragm Voice Communications
System Test, and shall have a Speech Transmission Index (STI) value of not less than 80 0.50 percent.

8.10 Mechanical Voice Diaphragm Non-electronic Communications Test.
8.10.1 Application. This test method shall apply to complete SCBA facepiece(s) and second stage regulator(s).
8.10.2 Samples.  Each sample to be tested shall be as specified in 4.3.9 with all voice communications systems

installed, including supplementary voice communications systems, and in the “off” mode per manufacturer instructions.
8.10.3.2  Specimens for conditioning shall be complete medium size SCBA facepiece(s) and inner mask(s) with the

second stage regulator(s) installed in the as worn position as specified by the manufacturer and with the regulator set in
breathing mode and sealed from the ambient environment.

8.10.4.1  Testing shall be conducted in a chamber that absorbs a minimum of 90 percent of all sound from 500 Hz to
5000 Hz having the following characteristics:

(1) Room dimensions (minimum) with acoustic treatments: 3.6 m long X 3.0 m wide X 2.4 m high (12 ft long X
10 ft wide X 8 ft high) with a minimum volume of 27.2 m3 (960 ft3).

(2) Construction: Hemi-anechoic
(3) Ambient noise level inside chamber: <40 dBA/<50 dBC
(4) Walls and ceiling: ≥90% absorptive between 125 Hz and 8 kHz

8.10.4.1.1 All surfaces above the floor shall be acoustically treated for internal acoustic absorption, as well as for
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external noise mitigation.

8.10.4.2  Five listening subjects and five talkers consisting of four males and one female shall be available for testing.
The alternative of electronic recording of five talkers for testing automation and repeatability shall be permitted.

8.10.4.2 The Head and Torso Simulator (HATS) test mannequin having the following characteristics shall be used:
8.10.4.2.1 The mouth simulator shall be capable of producing 112 dB/1 kHz sine tone at 25 mm (1 inch) with the mouth

reference point un-equalized and the total harmonic distortion (THD) shall be ≤ 3%.
8.10.4.2.2 The mouth simulator frequency response shall be able to be equalized flat ± 2 dB between 180 Hz and 10

kHz and the response shall be -15 dB or less at 100 Hz and -20 dB or less at 15 kHz.
8.10.4.2.3 The head of the HATS shall be anatomically correct to ensure the proper fit of the facepiece.
8.10.4.3  The subjects participating as listeners shall have “audiometrically normal” hearing as defined in Section 5.3 of

ANSI S3.2, Method for Measuring the Intelligibility of Speech over Communication Systems, in the range of 500 Hz to
3000 Hz and shall not be permitted to use any device that would enhance their ability to hear.

8.10.4.3 A sound pressure level (SPL) meter having the following characteristics shall be used:
(1) The SPL meter shall be capable of applying an equivalent continuous sound pressure level (Leq) with A

and C weighting filters.
(2) The SPL meter shall have a dynamic range from 30 dB (or less) to 130 dB (or more).
(3) The SPL meter shall display the measurement to at least one decimal place.

8.10.4.4  Talkers and listeners shall be selected and trained according to Section 7 of ANSI S3.2, Method for
Measuring the Intelligibility of Speech over Communication Systems.

8.10.4.4 Test signal/pink noise analog audio signal generators having the following characteristics shall be used:
8.10.4.4.1 One generator shall be capable of playing wave files in the following format:
(1) 48 kHz, 16-bit mono at an output level of 0 dB, FS=18 dBu sine according to EBU R68
8.10.4.4.2 The second generator shall be capable of generating pink noise and sine waves from -80 dBu to -2 dBu in

one digit steps with a THD+N of -90 dB (0.0032%) at 8 dBu noise floor typ 25uv.
(1) The frequency range shall be 10 Hz to 20 kHz in 1 digit steps ±0.01%.
(2) The amplitude accuracy shall be within ±0.5 dB or less.
8.10.4.5 The five talkers shall not have facial hair, any unusual facial characteristics, or any other condition that could

cause interference with the seal of the facepiece.
8.10.4.5 A digital equalizer having the following characteristics shall be used:
(1) The digital equalizer shall be capable of at least two concurrently selectable equalizer sections:

(a) One-31 band graphic with an adjustment range of at least ±18 dB.
(b) A ten band parametric with an adjustment range of at least ±18 dB.

(2) The digital equalizer shall have a dynamic range of ≥112 dB.
(3) The digital equalizer shall be capable of:

(a) equalizing the frequency response of the HATS mannequin to flat ±2 dB between 180 Hz and 10 kHz,
(b) applying a 180 Hz high pass filter with a slope of -24 dB octave,
(c) applying a 10 Hz low pass filter with a slope of -24 dB octave (-15 dB at 100 Hz – 20 dB at 15 kHz).

8.10.4.6 The talkers shall perform and pass a qualitative facepiece-to-face fit check per the SCBA manufacturer’s
instructions.

8.10.4.6 A powered speaker having the following characteristics shall be used:
(1) A sensitivity of ≥84 dB at one watt at 1 meter.
(2) The frequency response shall be rated at ≤80 Hz  to ≥13 kHz.
(3) The amplifier shall be able to deliver ≥10 watts with a total harmonic distortion <1%.
8.10.4.7 Where the talker is qualified to wear several sizes of facepieces, the talker shall choose the facepiece that is

most comfortable.
8.10.4.7 A microphone having the following characteristics shall be used:
(1) The microphone shall be a condenser type.
(2) The microphone polar pattern shall be omni-directional.
(3) The frequency response shall be flat ±0.5 dB from 100 Hz to 15 kHz.
(4) The residual noise shall be ≤-30 dB.
(5) The microphone shall accept signals of at least 130 dBA.
8.10.4.8 The five talkers shall be trained in the donning and usage of the SCBA per manufacturer’s instructions.
8.10.4.8 A Speech Transmission Index (STI) analyzer having the following characteristics shall be used:
(1) The STI PA analyzer shall be capable of measuring and displaying a single value STI PA result to two decimal

places with a 7 octave band modulated noise test signal using the Netherlands Organization for Applied Scientific
Research (TNO) verified algorithm.

(2) The STI PA analyzer shall conform to IEC-60268-16:2003, Sound System Equipment – Part 16: Objective Rating of
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Speech Intelligibility by Speech Transmission Index.

8.10.4.9 All of the apparatus identified in 8.10.4.2, 8.10.4.3, 8.10.4.4, 8.10.4.5, 8.10.4.6, and 8.10.4.7 shall be located
in the hemi-anechoic chamber (Figures 8.10.4.9a and 8.10.4.9b).

***Insert Figure 8.10.4.9(a) Hemi-Anechoic Chamber***

***Insert Figure 8.10.4.9(b) Hemi-Anechoic Chamber***

8.10.4.9 The five talkers shall have no obvious speech defect or strong regional accent.
8.10.4.10 The HATS test mannequin shall be positioned in the chamber in the following manner:
8.10.4.10.1 The distance between the HATS test mannequin and the microphone shall be 1.5 m, +25 mm/−0 mm (5 ft,

+1 in/−0 ft), and they shall be facing each other.
8.10.4.10.2 The distance between the HATS test mannequin’s mouth and the floor shall be 1.5 m, +25 mm/−0 mm (5

ft, ± 4 in).
8.10.4.10.3 The distance between the microphone and the floor shall be 1.5 m, ± 100 mm (5 ft ± 4 in).
8.10.4.10   The distance between the talker and the listener(s) shall be 1.5 m, +305 mm/−0 mm (5 ft, +1 ft/−0 ft), and

they shall be facing each other.
8.10.4.11 The test chamber shall be filled with broadband “pink” noise with a tolerance of 6 dB per octave band from

400 100 Hz to 4000 10 kHz.
8.10.4.12 The forward axis of the powered speaker loudspeaker shall be oriented away from the listener group HATS

test mannequin microphone.
8.10.4.13 The distance between the powered speaker loudspeaker and the HATS test mannequin microphone

listeners shall be as great as possible so as to create a quasi-uniform sound field over the listening group hemi-anechoic
chamber microphone.

8.10.4.15 The STI test signal from the mannequin shall be adjusted to achieve a C-weighted sound level of 105.5 dB,
+0 dB/ -1 dB at the mouth reference point (MRP), 50 mm (2 in) from the test mannequin’s mouth ±3 mm (1/8 in).

8.10.4.16 The gain of the powered speaker used to generate the pink noise shall be adjusted to achieve a C-weighted
sound level of 15 dB ±0.5 dB below the signal level generated as identified in 8.10.4.15 measured at the microphone
placed as identified in 8.10.4.10.1.

8.10.5.1 The method for measuring speech transmission index word intelligibility shall be as specified in ANSI S3.2,
Method for Measuring the Intelligibility of Speech over Communication Systems IEC 60268-16:2003, Sound System
Equipment – Part 16: Objective Rating of Speech Intelligibility by Speech Transmission Index, using the STI-PA
technique, with the modified apparatus specified in 8.10.4.

8.10.5.2 The medium size facepiece with inner mask and second stage regulator in the normal use mode shall be fitted
to the HATS test mannequin in the following manner:

(1) Place the chin of the mannequin in the “chin cup” of the facepiece.
(2) Place the facepiece to seal against the face of the HATS test mannequin.
(3) The head harness of the facepiece shall be passed over the HATS test mannequin and tightened in a manner that

maintains the symmetry of the facepiece on the HATS test mannequin with talc to minimize friction between the HATS
test mannequin and strap.

(4) The straps shall be tightened to a tension of 50 N (11.2 lbf).
8.10.5.2 The test material shall be the reading of one complete list of modified rhyme words as contained in Table 2 of

ANSI S3.2, Method for Measuring the Intelligibility of Speech over Communication Systems.
8.10.5.2.1 The words shall be spoken singularly in the following carrier sentence: “Would you circle [list word] now?”
8.10.5.2.2 The rate shall be approximately one test word every 6 seconds.
8.10.5.2.3 The talkers shall be trained to talk at 75 dBA to 85 dBa without an SCBA facepiece, measured at the

listener’s ear, placing no unusual stress on any word.
8.10.5.2.4 Training shall include the use of background noise as defined in 8.10.4.11 through 8.10.4.15.
8.10.5.2.5 The talkers shall not vary their voice level from that used without the facepiece after the facepiece is

donned.
8.10.5.2.6 The listeners shall circle each word as they hear it.
8.10.5.3 Three medium size facepieces The talkers shall be tested conduct two tests in the chamber having an

ambient noise field as specified in 8.10.4.11 through 8.10.4.156. using a different word list for each of the following
conditions. Each facepiece shall be mounted as specified in 8.10.5.2, and then tested as follows:

(1) With no SCBA Five separate readings shall be recorded for each donning of the facepiece
(2) With SCBA worn and operated per the SCBA manufacturer’s instructions Three separate donnings shall be
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performed

8.10.5.4 Talkers’ speech shall be monitored during the tests to determine if the talkers conform to the word list
specified for that test.

8.10.5.5 Each listener’s response form shall be scored as to the number of correct responses out of the 50 words
recited.

8.10.5.51.  Listeners’ scores shall be based on the words actually spoken by the talkers.
8.10.5.5.2 Listeners’ scores shall not be reduced because of speaking mistakes of the talkers.
8.10.5.5.3 All of the listeners’ scores without the SCBA used by the talker shall be averaged, and all of the listeners’

scores with the SCBA used by the talker shall be averaged.
8.10.5.5.4 The average score of the five listeners for the talker using the SCBA shall be divided by the average score

of the five listeners for the talker without using the SCBA, and the result shall be called the “score value.” This procedure
shall be performed for each of the five talkers.

8.10.5.6 The average of the score values obtained in 8.10.5.5.3 and 8.10.5.5.4 shall be calculated.
8.10.5.6.1 Where the average of the score values is ≥80 percent, this average score value shall be used to determine

pass or fail.
8.10.5.5 All of the readings obtained from 8.10.5.3 shall then have the standard deviation calculated to determine the

pass or fail performance.
8.10.5.5.1 The sample standard deviation (s.d.) of the score values shall be calculated in the following manner:

***Insert Equation 8.10.5.5.1 Here***

where:
x = score values

x = average of the score values
N = sample size (number of score values recorded)

8.10.5.6.3 Where the calculated sample standard deviation of the test score values is ≥10.0, the test shall be
invalidated and the procedures of 8.10.5.2 through 8.10.5.6.6 shall be repeated.

8.10.5.6.4 Where the calculated sample standard deviation of the test score values is <10.0, a test statistic, T-value,
shall be calculated to determine if the average of the score values obtained is or is not equivalent to 80 percent. The
T-value shall be calculated in the following manner:

8.10.5.6.5 For T-values ≤2.13, the score value shall be considered 80 percent and shall be used to determine pass or
fail.

8.10.5.6.  For T-values >2.13, the score value shall be as calculated in 8.10.5.6, and this calculated score value shall
be used to determine pass or fail performance.

8.25.1 Application. This test method shall apply to complete SCBA facepiece(s) and second stage regulator(s).
8.25.2 Samples. Each sample to be tested shall be as specified in 4.3.9.
8.25.3.2 Specimens for conditioning shall be complete SCBA medium size SCBA facepiece(s) and inner mask(s) with

the second stage regulator(s) installed in the as worn position as specified by the manufacturer.
8.25.4.1 Testing shall be conducted in a chamber that absorbs a minimum of 90 percent of all sound from 500 Hz to

5000 Hz. having the following characteristics shall:
(1) Room dimensions (Minimum): 3.6 m long X 3.0 m wide X 2.4 m high (12 ft long X 10 ft wide X 8 ft high) with

a minimum volume   of 27.2 m3 (960 ft3).
(2) Construction: Hemi-anechoic
(3) Ambient noise level inside chamber: <40 dBA/<55 dBC
(4) Walls and ceiling: ≥90% absorbtive above 100 Hz

8.25.4.1.1 All surfaces above the floor shall be acoustically treated for internal acoustic absorption, as well as for
external noise mitigation.

8.25.4.2 Five listening subjects and five talkers consisting of four males and one female shall be available for testing.
The alternative of electronic recording of five talkers for testing automation and repeatability shall be permitted.

8.25.4.2 The Head and Torso Simulator (HATS) test mannequin having the following characteristics shall be used:
8.25.4.2.1 The mouth simulator shall be capable of producing 112 dB/1 kHz sine tone at 25 mm (1 inch) with the mouth

reference point un-equalized and the total harmonic distortion (THD) shall be ≤ 3%.
8.25.4.2.2 The mouth simulator frequency response shall be able to be equalized flat ± 2 dB between 180 Hz and 10

kHz and the response shall be -15 dB or less at 100 Hz and -20 dB or less at 15 kHz.
8.25.4.2.3 The head of the HATS shall be anatomically correct to ensure the proper fit of the facepiece.
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8.25.4.3 The subjects participating as listeners shall have “audiometrically normal” hearing as defined in Section 5.3 of

ANSI S3.2, Method for Measuring the Intelligibility of Speech over Communication Systems, in the range of 500 Hz to
3000 Hz, and shall not be permitted to use any device that would enhance their ability to hear.

8.25.4.3 A sound pressure level (SPL) meter having the following characteristics shall be used:
(1) The SPL meter shall be capable of applying an equivalent continuous sound pressure level (Leq) of A and

C weighting filters.
(2) The SPL meter shall have a dynamic range from 30 dB (or less) to 130 dB (or more).
(3) The SPL meter shall display the measurement to at least one decimal place.

8.25.4.4 Talkers and listeners shall be selected and trained according to Section 7 of ANSI S3.2, Method for Measuring
the Intelligibility of Speech over Communication Systems.

8.25.4.4  Test signal/pink noise analog audio signal generators having the following characteristics shall be used:
8.25.4.4.1 One generator shall be capable of playing wave files in the following format:
(1) 48 kHz, 16-bit mono at an output level of 0 dB, FS=18 dBu sine according to EBU R68
8.25.4.4.2 The second generator shall be capable of generating pink noise and sine waves from -80 dBu to -2 dBu in

one digit steps with a THD+N of -90 dB (0.0032%) at 8 dBu noise floor typ 25uv.
(1) The frequency range shall be 10 Hz to 20 kHz in 1 digit steps ±0.01%.
(2) The amplitude accuracy shall be within ±0.5 dB or less.
8.25.4.5 The five talkers shall not have facial hair, any unusual facial characteristics, or any other condition that could

cause interference with the seal of the facepiece.
8.25.4.5 A digital equalizer having the following characteristics shall be used:
(1) The digital equalizer shall be capable of at least two concurrently selectable equalizer sections:

(a) One-31 band graphic with an adjustment range of at least ±18 dB.
(b) A ten band parametric with an adjustment range of at least ±18 dB.

(2) The digital equalizer shall have a dynamic range of ≥112 dB.
(3) The digital equalizer shall be capable of:

(a) equalizing the frequency response of the HATS mannequin to flat ±2 dB between 180 Hz and 10 kHz,
(b) applying a 180 Hz high pass filter with a slope of -24 dB octave,
(c) applying a 10 Hz low pass filter with a slope of -24 dB octave (-15 dB at 100 Hz – 20 dB at 15 kHz).

8.25.4.6 The talkers shall perform and pass a qualitative facepiece-to-face fit check per the SCBA manufacturer’s
instructions.

8.25.4.6 A powered speaker having the following characteristics shall be used:
(1) A sensitivity of ≥84 dB at one watt at 1 meter.
(2) The frequency response shall be rated at ≤80 Hz  to ≥13 kHz.
(3) The amplifier shall deliver ≥10 watts with a total harmonic distortion <1%.
8.25.4.7 Where the talker is qualified to wear several sizes of facepieces, the talker shall choose the facepiece that is

most comfortable.
8.25.4.7 A microphone having the following characteristics shall be used:
(1) The microphone shall be a condenser type.
(2) The microphone polar pattern shall be omni-directional.
(3) The frequency response shall be flat ±0.5 dB from 100 Hz to 15 kHz.
(4) The residual noise shall be ≤-30 dB.
(5) The microphone shall accept signals of at least 130 dBA.
8.25.4.8 The five talkers shall be trained in the donning and usage of the SCBA per manufacturer’s instructions.
8.25.4.8 A Speech Transmission Index (STI) analyzer having the following characteristics shall be used:
(1) The STI PA analyzer shall be capable of measuring and displaying a single value STI PA result to two decimal

places with a 7 octave band modulated noise test signal using the Netherlands Organization for Applied Scientific
Research (TNO) verified algorithm.

(2) The STI PA analyzer shall conform to IEC-60268-16:2003, Sound System Equipment – Part 16: Objective Rating of
Speech Intelligibility by Speech Transmission Index.

8.25.4.9 All of the apparatus identified in 8.25.10.4.2, 8.25.4.3, 8.25.4.4, 8.25.4.5, 8.25.4.6, 8.25.4.7 shall be located in
the hemi-anechoic chamber (Reference Figure 8.25.4.9a and 8.25.4.9b).

*** Insert Figure 8.25.4.9(a) Here***

*** Insert Figure 8.25.4.9(b) Here***
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8.25.4.9 The five talkers shall have no obvious speech defects or strong regional accents.
8.25.4.10 The HATS test mannequin shall be positioned in the chamber in the following manner:
8.25.4.10.1 The distance between the HATS test mannequin and the microphone shall be 1.5 m, +25 mm/−0 mm (5 ft,

+1 in/−0 ft), and they shall be facing each other.
8.25.4.10.2 The distance between the HATS test mannequin's mouth and the floor shall be 1.5 m, +25 mm/−0 mm (5

ft, ± 4 in).
8.25.4.10.3 The distance between the microphone and the floor shall be 1.5 m, ± 100 mm/(5 ft ± 4 in).
8.25.4.10   The distance between the talker and the listener(s) with the SCBA donned shall be 3 m, +305 mm/−0 mm

(10 ft, +1 ft/−0 ft), and they shall be facing each other.
8.25.4.10.1   The distance between the talker and the listener(s) without the SCBA donned shall be 3 m, +305 mm/−0

mm (10 ft, +1 ft/−0 ft), and they shall be facing each other.
8.25.4.11 The test chamber shall be filled with broadband “pink” noise with a tolerance of 6 dB per octave band from

400 100 Hz to 4000 10 kHz.
8.25.4.12  The forward axis of the powered speaker loudspeaker shall be oriented away from the listener group HATS

test mannequin microphone.
8.25.4.13 The distance between the powered speaker loudspeaker and the HATS test mannequin microphone

listeners shall be as great as possible so as to create a quasi-uniform sound field over the listening group hemi-anechoic
chamber microphone.

8.25.4.15 The STI test signal from the mannequin shall be adjusted to achieve a C-weighted sound level of 105.5 dB,
+0 dB/ -1 dB at the mouth reference point (MRP), 50 mm (2 in.) from the test mannequin’s mouth ±3 mm (1/8 in).

8.25.4.16 The gain of the powered speaker amplifier used to generate the pink noise shall be adjusted to achieve a
C-weighted sound level of 15 dB ±0.5 dB below the signal level generated as identified in 8.25.4.15 measured at the
microphone placed as identified in 8.25.4.10.1. at each listener’s the test mannequin’s head position. without listeners
present.

8.25.5.1 The method for measuring speech transmission index word intelligibility shall be as specified in ANSI S3.2,
Method for Measuring the Intelligibility of Speech over Communication Systems IEC 60268-16:2003, Sound System
Equipment – Part 16: Objective Rating of Speech Intelligibility by Speech Transmission Index, using the STI-PA
technique, with the modified apparatus specified in 8.25.4.

8.25.5.2 The medium size facepiece with inner mask and second stage regulator in the normal use mode shall be fitted
to the HATS test mannequin in the following manner:

(1) Place the chin of the mannequin in the “chin cup” of the facepiece.
(2) Place the facepiece to seal against the face of the HATS test mannequin.
(3) The head harness of the facepiece shall be passed over the HATS test mannequin and tightened in a manner that

maintains the symmetry of the facepiece on the HATS test mannequin with talc to minimize friction between the HATS
test mannequin and strap.

(4) The straps shall be tightened to a tension of 50 N (11.2 lbf).
8.25.5.2.1 Where the voice communications system is equipped with an adjustable volume (gain) control, the volume

control shall be set at the lowest level during testing.
8.25.5.3 If the voice amplification system is integrated into the SCBA, the SCBA shall be mounted on the test

mannequin to simulate the correct wearing position on a person as specified by the SCBA manufacturer’s instructions.
The speaker of the voice amplification system shall face in the direction of the microphone to within +/- 10 degrees.

8.25.5.3.1 Where the voice communications system is equipped with an adjustable volume (gain) control, the volume
control shall be set at the lowest level during testing.

8.25.5.3 The test material shall be the reading of one complete list of modified rhyme words as contained in Table 2 of
ANSI S3.2, Method for Measuring the Intelligibility of Speech over Communication Systems.

8.25.5.3.1 The words shall be spoken singularly in the following carrier sentence: “Would you circle [list word] now?”
8.25.5.3.2 The rate shall be approximately one test word every 6 seconds.
8.25.5.3.3 The talkers shall be trained to talk at 75 dBA to 85 dBA without an SCBA facepiece, measured at 1.5 m,

+305 mm/−0 mm (5 ft, +1 ft/−0 ft) distance at the height of the listener’s ear, placing no unusual stress on any word.
8.25.5.3.4 Training shall include the use of background noise as defined in 8.25.4.11 through 8.25.4.15.
8.25.5.3.5 The talkers shall not vary their voice levels from that used without the facepiece after the facepiece is

donned.
8.25.5.3.6 The listeners shall circle each word as they hear it.
8.25.5.4 Three medium size facepieces The talkers shall be tested conduct two tests in the chamber having an

ambient noise field as specified in 8.25.4.11 through 8.25.4.15. using a different word list for each of the following
conditions Each facepiece shall be mounted as specified in 8.25.5.2, and then tested as follows:

(1) With no SCBA Five separate readings shall be recorded for each donning of the facepiece
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(2) With SCBA worn and operated per the SCBA manufacturer’s instructions Three separate donnings shall be

performed.
8.25.5.5 The talkers’ speech shall be monitored during the tests to determine if the talkers conform to the word list

specified for that test.
8.25.5.6 Each listener’s response form shall be scored as to the number of correct responses out of the 50 words

recited.
8.25.5.6.1 Listeners’ scores shall be based on the words actually spoken by the talkers.
8.25.5.6.2 Listeners’ scores shall not be reduced because of speaking mistakes of the talkers.
8.25.5.6.3 All of the listeners’ scores without the SCBA used by the talker shall be averaged, and all of the listeners’

scores with the SCBA used by the talker shall be averaged.
8.25.5.6.4 The average score of the five listeners for the talker using the SCBA at a distance of 3 m, +305 mm/−0 mm

(10 ft, +1 ft/−0 ft) shall be divided by the average score of the five listeners for the talker without using the SCBA at a
distance of 1.5 m, +305 mm/−0 mm (5 ft, +1 ft/−0 ft), and the result shall be called the “score value.” This procedure
shall be performed for each of the five talkers.

8.25.5.7 The average of the score values obtained in 8.25.5.6.3 and 8.25.5.6.4 shall be calculated.
8.25.5.5 All of the readings obtained from 8.25.5.4 shall then have the standard deviation calculated to determine the

pass or fail performance.
8.25.5.7.1 Where the average of the score values is ≥85 percent, this average score value shall be used to determine

pass or fail performance.
8.25.5.5.1 Where the average of the score values is <85 percent, The sample standard deviation (s.d.) of the score

values shall be calculated in the following manner:

***Insert Equation 8.25.5.5.1 Here***

where:
x = score values
x = average of the score values
N = sample size (number of score values recorded)

8.25.5.7.3 Where the calculated sample standard deviation of the test score values is ≥10.0, the test shall be
invalidated, and the procedures in 8.25.5.3 through 8.25.5.7.2 shall be repeated.

8.25.5.7.4 Where the calculated sample standard deviation of the test score values is <10.0, a test statistic, T-value,
shall be calculated to determine if the average of the score values obtained is or is not equivalent to 85 percent:

8.25.5.7.5 For T-values ≤2.13, the score value shall be considered to be equivalent to a score value of 85 percent.
8.25.5.7.6 For T-values >2.13, the score value shall be as calculated in 8.25.5.6, and this calculated score value shall

be used to determine pass or fail.

Annex A Explanatory Material

A.7.10 Because the communications test requires human subjects, there were variations in the data used to determine
the appropriate pass or fail criteria. Therefore, a statistical approach to analyze the data was required to determine
whether an individual SCBA meets the pass or fail criteria of Section 7.10. A null hypothesis test utilizing the Student
t-distribution is the appropriate method to do this. The Student t-distribution of 2.13 results from the following conditions:
degrees of freedom = 4; confidence level = 95 percent. Refer to any current statistical text for further information.

A.7.10 In an effort to improve the consistency and reliability of speech intelligibility measurements, the National Fire
Protection Association (NFPA) 1981 Technical Committee reviewed several objective test methods in order to replace
the subjective Modified Rhyme Test (MRT). The subjectivity of the MRT is associated with the use of human test
subjects which resulted in variability in the results obtained. The variances were in the uses of different speakers, the
speaker’s vocalization level, the speaker’s accent/dialect differing from the listeners, the general health and wellness of
both the speaker and listeners, and the impact of background noise on the listener’s comprehension.

In order to find an objective test method the Technical Committee reviewed/conducted:

Acoustic standards, research papers, existing scientific studies, and professional acoustic engineers were
consulted

A trade study for evaluating alternative tests was defined
Trade Study criteria
Relevance - evaluate relevance to fire service
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Consistency - evaluate consistency of testing - repeatability/test-to-test variability
Comprehensiveness - ability to account for real-life sound degradations
Output scale – tests with a higher percentage of the test scale falling within the threshold of acceptability will

provide more meaningful information
Standardization - utilize established test standards by respected organizations (ISO, IEC, ANSI, etc.)
Implementation Effort – how hard is the test to set-up and run
Measurement Time – how long does it take to run the test

As a result of this effort, the Technical Committee is utilizing the Speech Transmission Index (STI) method which
removes the subjectivity which was found with the MRT.

A.7.17 In an effort to improve the consistency and reliability of speech intelligibility measurements, the National Fire
Protection Association (NFPA) 1981 Technical Committee reviewed several objective test methods in order to replace
the subjective Modified Rhyme Test (MRT). The subjectivity of the MRT is associated with the use of human test
subjects which resulted in variability in the results obtained. The variances were in the uses of different speakers, the
speaker’s vocalization level, the speaker’s accent/dialect differing from the listeners, the general health and wellness of
both the speaker and listeners, and the impact of background noise on the listener’s comprehension.

In order to find an objective test method the Technical Committee reviewed/conducted:

Acoustic standards, research papers, existing scientific studies, and professional acoustic engineers were
consulted

A trade study for evaluating alternative tests was defined
Trade Study criteria
Relevance - evaluate relevance to fire service
Consistency - evaluate consistency of testing - repeatability/test-to-test variability
Comprehensiveness - ability to account for real-life sound degradations
Output scale – tests with a higher percentage of the test scale falling within the threshold of acceptability will

provide more meaningful information
Standardization - utilize established test standards by respected organizations (ISO, IEC, ANSI, etc.)
Implementation Effort – how hard is the test to set-up and run
Measurement Time – how long does it take to run the test

As a result of this effort, the Technical Committee is utilizing the Speech Transmission Index (STI) method which
removes the subjectivity which was found with the MRT.

The Technical Committee on Respiratory Protection's Task Group on Communications, in an effort to
improve the consistency and reliability of speech intelligibility measurements, reviewed several objective test methods in
order to replace the subjective Modified Rhyme Test (MRT). The subjectivity of the MRT is associated with the use of
human test subjects which resulted in variability in the results obtained. The variances were in the uses of different
speakers, the speaker’s vocalization level, the speaker’s accent/dialect differing from the listeners, the general health
and wellness of both the speaker and listeners, and the impact of background noise on the listener’s comprehension.

In order to find an objective test method the Technical Committee reviewed/conducted:

Acoustic standards, research papers, existing scientific studies, and professional acoustic engineers were
consulted

A trade study for evaluating alternative tests was defined
Trade Study criteria
Relevance - evaluate relevance to fire service
Consistency - evaluate consistency of testing - repeatability/test-to-test variability
Comprehensiveness - ability to account for real-life sound degradations
Output scale – tests with a higher percentage of the test scale falling within the threshold of acceptability will

provide more meaningful information
Standardization - utilize established test standards by respected organizations (ISO, IEC, ANSI, etc.)
Implementation Effort – how hard is the test to set-up and run
Measurement Time – how long does it take to run the test

As a result of this effort, the Technical Committee is utilizing the Speech Transmission Index (STI) method which
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removes the subjectivity which was found with the MRT.

Affirmative: 26  Negative: 1
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

SELL, R.:   We agree that speech intelligibility can be measured/established by using the Speech Transmission Index
(STI) method, but the proposed set-up does not take into account the effects of inhalation and exhalation that occur in
real use situations. Breathing can cause noises which compromise intelligibility which is not detected by the proposed
set-up, especially when amplified by a voice amplifier.
In addition, the  STI method is extremely sensitive to clicking or rattling noises which significantly influence the

readings. Donning the mask on the Head and Torso simulator with a 2nd stage regulator attached is a good practice
since sound propagation would be comparable to actual use but this is only one portion of the process of using a SCBA.
The other portion of SCBA use comes when the system is pressurized and without pressurizing the system, the 2nd
stage regulator and the mask would not have the internal components pre-tensioned in the manner of actual use. Also,
humans always exhale when speaking and this also puts the valves into a defined state of use.
During development testing at Ultra Electronics and additional testing at Draeger we have found that a mask/2nd stage

regulator without the system being pressurized can emit a rattling or clicking noise that degrades the STI readings. A
possible solution to remedy the second part of our objection would be to utilize a blind plug in place of the 2nd stage
regulator or to pressurize the system in order to obtain more realistic results. Please reference attachment:
NFPA-1981-10-CP2 Objective Estimation of Speech Quality-STI.ppt

_______________________________________________________________________________________________
1981-11     Log #9  FAE-RPE

_______________________________________________________________________________________________
Bob Eugene, Underwriters Laboratories Inc.

Revise text to read as follows:
2.3.6 UL Publications.
Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL 60062-2096.
ANSI/UL 913, Standard for Intrinsically Safe Apparatus and Associated Apparatus for Use in Class I, II, and III, Division

1 Hazardous (Classified) Locations, Sixth edition, July 31, 2006, Revised 2008.
Update referenced standard to most recent revision.

See meeting action on 1981-13 (Log #17).
The technical committee accepted the proposal in principle. See 1981-13 (Log 17).

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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Figure 8.10.4.9 (a)  Hemi-Anechoic Chamber 1 
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Figure 8.10.4.9 (b)  Hemi-Anechoic Chamber 2 
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Figure 8.25.4.9 (a)  Hemi-Anechoic Chamber 1 
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Figure 8.25.4.9 (b)  Hemi-Anechoic Chamber 2 
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_______________________________________________________________________________________________
1981-12     Log #15  FAE-RPE

_______________________________________________________________________________________________
John F. Bender, Underwriters Laboratories Inc.

Revise text to read as follows:
Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL 60062-2096.

ANSI/UL 913, Standard for Intrinsically Safe Apparatus and Associated Apparatus for Use in Class I, II, and III, Division
I Hazardous (Classified) Locations, 2006, Revised 2008 2010.

Reason: Update referenced standards to most recent revisions.

See Meeting Action on 1981-13 (Log #17).
See Committee Statement on 1981-13 (Log #17).

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

_______________________________________________________________________________________________
1981-13     Log #17  FAE-RPE

_______________________________________________________________________________________________
John F. Bender, Underwriters Laboratories Inc.

Revise text as follows:
Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL 60062-2096. ANSI/UL 913,

, Seventh edition, July 31, 2006, Revised 2010.
Reason: Update referenced standard to most recent revision.

Revise text to read as follows:
Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL 60062-2096. ANSI/UL 913,

, Seventh Edition.
The technical committee accepted the proposal in principle, and decided to reference the

seventh edition and not include the date.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

17Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1981
_______________________________________________________________________________________________
1981-14     Log #CP3  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Revise text to read as follows:
3.3.X Reserve Air Supply.  The period of time available for emergency egress, self-rescue, or assisted rescue.
3.3.17 End-of-Service-Time Indicator (EOSTI). A warning device on an SCBA that warns the user that the end of the

breathing air supply is approaching. alerts the user that the reserve air supply is being utilized.
6.2.6 The EOSTI alarm shall activate at 33%, +5/-0%, of full cylinder pressure.
6.3.9.1 HUD shall display visual informational signals for at least breathing air cylinder content as specified in 6.3.9.5.1.
6.3.9.2 In addition to the mandatory visual informational signal specified in 6.3.9.5.1, additional visual informational

signals to indicate when other status or conditions have occurred shall be permitted.
6.3.9.5 HUD shall display a visual informational signal for breathing air cylinder content in at least four equal

increments of the cylinder’s total rated service content from full to one-quarter 33%.
6.3.9.5.1 HUD visual information signals for breathing air cylinder content shall display at 100%, 75%, 50%, and 33%.
6.3.9.5.2 Where an analog visual display is used, the gauge shall visually indicate the reserve air zone with a red

background.
6.3.9.5.3 Where an electronic visual display is used, the gauge shall visually indicate that reserve air is being utilized

with a flash at a frequency of not less than one per second for the remaining duration of the cylinder.

Despite an overall decrease in the firefighter fatality rate over the past 30 years, the rate of firefighter
deaths inside of structures has not significantly changed. Firefighter asphyxia following getting lost and running out of air
accounts for approximately 25% of firefighter deaths inside of structures.
The current EOSTI setting of 25% (+/- 2%) may result in EOSTI notification at 23% of cylinder volume.  A firefighter

working near the end of a work cycle on SCBA is likely to be breathing at a rate greater than the 40 liter per minute rate
used to determine rated service time and may have less than three minutes of reserve air. Increasing the EOSTI setting
to 33% (+5/-0) will likely provide the user more reserve air for self or assisted escape from the IDLH environment.

For more information on this subject, see the NFPA research report “U.S. Fire Service Fatalities In Structure Fires,
1977-2009” (Fahy)

Affirmative: 26  Negative: 1
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

HARKNESS, A.:   The current 42 CFR 84 requirement is that “each remaining service-life indicator or warning device
shall give an alarm when the remaining service life of the apparatus is reduced within a range of 20 to 25 percent of its
rated service time.”  It is anticipated that NIOSH will change this requirement , removing the upper limit, to allow
respiratory protection program managers to determine the most appropriate setting for their users.  The committee
consensus is that the next edition of NFPA 1981 should require that it be 33% of full cylinder pressure for all users of an
NFPA approved SCBA.  I disagree.

NIOSH indicates on its docket pages for docket numbers 034 and 034-A that it is responding to stakeholders.
Obviously, NIOSH recognizes that a one-size-fits-all setting does not best serve all users, and that NIOSH believes an
organization that uses SCBA knows what setting is best for its users and its tactics, techniques, and procedures.  The
submissions to the docket are by and large in favor of the change, and not a few would have the setpoint at 50%.

The committee suggests in its justification that raising the EOSTI activation setpoint from the current NIOSH mandated
20 to 25 percent of rated duration to a value of 33% of full cylinder pressure will increase NFPA 1981 SCBA user safety
by increasing “reserve” air -- i.e., the usable volume of air remaining in the cylinder when the EOSTI begins alarming --
thereby “likely”  providing the user more air for escape from the IDLH environment and thereby decreasing the chance
that a user will run out of air while still in the IDLH environment.  The committee rationale then is in two parts:
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1) Increasing the air remaining in the cylinder when the EOSTI begins to alarm is more likely than not to reduce the

rate at which users run out of air while still in the IDLH environment, and
2) To that end, the required EOSTI alarm setpoint for all NFPA 1981 SCBA should be increased to 33% of full cylinder

pressure.
Is this rationale valid?
Taking the second point first, it is obvious that not all users of NFPA 1981 SCBA are the same.  Indeed, while not even

all structural firefighters are the same, the standard is written not just for structural firefighters but for “all open-circuit
SCBA ... used by emergency services organizations for respiratory protection of its personnel during firefighting, rescue,
hazardous materials, terrorist incident, and similar operations where the products of combustion, oxygen deficiency,
particulates, toxic products, or other IDLH atmospheres exist or could exist at the incident scene.”  Clearly, some of the
committee members may know the best setpoint for themselves, but it is impossible for the committee to know the best
setpoint for all users, or that 33% is even acceptable for all users.  The U.S. Navy, for example, is an NFPA 1981 SCBA
user and the 33% setpoint is not appropriate for shipboard firefighting in the U.S. Navy.

The Navy practices strict breathing air managment when fighting a shipboard fire and rotates firefighters to maintain an
uninterrupted attack.  Cylinder sizes are chosen appropriate for the duty.  Start times on air are tracked by a repair party
leader who estimates when low air alarms will sound, so that reliefs are ready to replace teams exiting, and personnel
are requried to exit immediately when their alarm activates.  This is the way the U.S. Navy trains, the way it fights, and
the way U.S. Navy surface ship firefighting doctrine is written.

For the U.S. Navy shipboard firefighter, the current 30 CFR 84 requirement is satisfactory.  An EOSTI setpoint value of
33% will have the result of end-of-service alarms activating too early and firefighters exiting too early.  What is the
solution the committee would advise?  Ignore the EOSTI?

And what about the thousands of SCBA the U.S. Navy has now on its ships?  What about existing instructions and
training curriculum?  Like any other organization, the U.S. Navy cannot have SCBA with different EOSTI setpoint values.
The U.S. Navy will have to pay to have existing units upgraded, and pay to have instructions and curriculum revised, for
a purpose that is not even appropriate or necessary for the U.S. Navy.  And, that is just the afloat Navy.  The ashore
Navy, and no doubt many organizations, will be facing the same issues, and may be finding the changes unnecessary,
as well as an unnecessary expense.

It is obvious a one-size-fits-all solution is not appropriate.  This recognition, after all, was part of NIOSH’s rationale for
considering a change in the first place.  But, will increasing the setpoint as a percentage of full cylinder pressure truly
increase firefighter safety?  Is it to be expected that increasing the EOSTI setpoint will necessarily lower the rate at
which firefighters run out of air while in an IDLH environment?   The committee considered no data regarding this
question.  The reference cited in the committee justification does no even speak to this question.  The committee
proposal is a guess from assumption.  If firefighters ignore the EOSTI now, how will a higher setpoint change this
behavior?  What will prevent other firefighters from ignoring the EOSTI alarm when it is set at 33%, rationalizing that
they still have a third of their air supply when the alarm activates?  How does simply increasing the alarm setpoint
without actually supplying the firefighter with more air reduce the number of firefighters who run out of air?  The
committee does not really know.  It is guessing.

Maybe raising the activation setpoint of the EOSTI is a good idea for some organizations, and maybe 33% is the
appropriate value for some, but, NFPA 1981 is a minimum performance standard.  The minimum permissible setpoint
value defined in the revised regulatory requirement should define the minimum in this instance, and the next edition of
NFPA 1981 should required, as it does now, that the EOSTI meet the activation requirements of the NIOSH certification.

KUHN, J.:  It should be understood that the Committee proposal for alarm activation of 33% +/-5% is potentially in
conflict with the NIOSH directive that alarm activation occur at 25% +/-2%.  Until the NIOSH directive is revised, an
SCBA with alarm activation set at 33% can not be approved by NIOSH.

19Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1981
_______________________________________________________________________________________________
1981-15     Log #13  FAE-RPE

_______________________________________________________________________________________________
William Antunes, Structural Composites Industries

Revise text to read as follows:
Replacements parts, components, and add-on accessories for SCBA's certified to the 1997 edition or the 2002 edition

of NFPA 1981 shall be approved by NIOSH in accordance with 42 CFR 84, "Respiratory Protective Devices, Tests for
Permissibility." Cylinders that meet or exceed NIOSH's Technical Specifications under 42 CFR 84 are permissible for
use by end users provided they are authorized by the Department of Transportation (DOT) approval process. Cylinders
must be marked with the required DOT labeling.  Manufacturer of these cylinders must maintain as ISO 9001 or AS9100
certification for quality assurance.  Cylinders meeting this criteria that are of the same form, fit and function as those
originally certified by NIOSH are permissible for use by end users and do not require certification by NIOSH.

1) The current standard results in an economic hardship of end users by;
a) Unnecessarily increasing the cost of replacement cylinders without providing any additional value-added benefit
b) Requires purchase of new cylinders, prior to end of useful life, by end users when procuring different brands of

SCBA
2) Current standard does not allow for cylinder innovation as the NIOSH approval is granted to Respirator

Manufacturers who do not manufacture cylinders.
3) NIOSH's Standard Application Procedure (SAP) does not provide cylinder specific testing and approval certification.

NIOSH's only technical requirement is DOT approval.
4) Cylinder durability is limited as end users are limited to few choices by NIOSH approval holders.
5) Interchangeability of cylinders is made difficult
a) Creates a proprietary system which restricts the ability of user to interchange cylinders
b) Closed and proprietary systems do nothing to mitigate safety concerns.

Cylinders are certified by NIOSH as part of the entire SCBA system and are not certified as an
independent component. NIOSH certification is required by law and utilizing an aftermarket cylinder would void NIOSH
approval. NFPA 1981 requires NIOSH certification, so the technical committee must reject this proposal.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

_______________________________________________________________________________________________
1981-16     Log #12  FAE-RPE

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

Revise text to read as follows:
6.1.2 Prior to certification of SCBA to the requirements of this standard, SCBA shall be NIOSH certified in accordance

with 42 CFR 84, with the following modifications:
(1) Each remaining service-life indicator or warning device shall give an alarm when the remaining service life of the

apparatus is reduced within a range as specified by the authority having jurisdiction but not less than 20 to 25 percent of
its rated service time.

The requirement that SCBA be certified to the requirements of 42 CFR Part 84 is understood as OSHA
regulations in 29 CFR Part 1910.132 dictated the NIOSH-approved respirators.  However, in this case, the Federal
regulations handicap the emergency service with requirements that were principally developed for industrial situations.
The entire embodiment of NFPA 1981 is a testament to the additional requirements that must be specified for safe and
effective use of SCBA for emergency services that are not included in the Federal regulations.

See Meeting Action on 1981-14 (Log #CP3).
See Committee Statement on 1981-14 (Log #CP3).

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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_______________________________________________________________________________________________
1981-17     Log #14  FAE-RPE

_______________________________________________________________________________________________
Richard M. Duffy, International Association of Fire Fighters

Revise text to read as follows:
SCBA shall have a NIOSH-certified rated service time of at least 30 45 minutes.

The fire service experiences a number of injuries and fatalities each year because fire fighters run out
of air. The 30 minutes of air because the service life rating is based on 40 liters per minute service life. New cylinder
technology is available and will be available that the weight differences for increased service life cylinders will be
minimal.

See Meeting Action on 1981-14 (Log #CP3).
See Committee Statement on 1981-14 (Log #CP3). The issue with duration is primarily one of

escape time, not work time. The TC has proposed a change to 33% for the EOSTI remaining service time. This will
provide additional escape time. The AHJ should do a needs assessment to determine which cylinder is appropriate for
the application, taking into account the work time and escape time available.

Affirmative: 26  Negative: 1
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

BERNZWEIG, D.:  With the committee action taken on Log CP3 and pending action in NFPA 1500 (Log CP36: 7.14.11
SCBA Cylinder Volume: Standardized IDLH exiting shall require that an exit strategy will be practiced when the SCBA
bottle reaches a level of 600 liters or more.), continued use of 1200L (30-minute rated) cylinders by the fire service is
difficult to justify. SCBA air allocated for operational period usage would be inadequate under most conditions resulting
in the end user having to make a decision to sacrifice reserve air in favor of operational air.
With steps finally being taken to address the inadequacy of reserve air, the committee has the responsibility to complete
the job and ensure that reserve air is not compromised by operational realities when adequate air for work is not
allocated on the front end. The 1200 liter cylinder should be phased out beginning with the 2013 edition of NFPA 1981.
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_______________________________________________________________________________________________
1981-18     Log #11  FAE-RPE

_______________________________________________________________________________________________
Jeffrey O. Stull, International Personnel Protection, Inc.

Delete text as follows:
6.1.3 SCBA that are certified as compliant with NFPA 1981 shall also be certified by NIOSH as compliant with the

Statement of Standard for NIOSH CBRN SCBA Testing.
Bring these requirements into the standard as new criteria and test methods.

The current arrangement for the testing of SCBA by NIOSH for CBRN is awkward.  Per OMB Circular
A119, the current criteria for CBRN testing for SCBA should become part of NFPA 1981.  This would facilitate updating
requirements, considering the use of surrogate agents, and other efficiencies that would lessen the costs of testing and
allow for more frequent, consensus based reviews of the standard.

OMB Circular A119 states “...this Circular directs agencies to use voluntary consensus
standards in lieu of government-unique standards except where inconsistent with law...".  NIOSH is the regulatory
agency responsible for respiratory protection in the United States. The requirement for NIOSH certification must remain,
as it has legal implications. Inclusion of the CBRN test methods into NFPA 1981 adds a potential failure point within the
standard, as the technical committee has no oversight into changes in the NIOSH regulations. A change in NIOSH
CBRN regulations could make NFPA 1981 certifications non-compliant with NIOSH. The potential use of chemical
surrogates in place of chemical warfare agents has received a lot of attention. To evaluate the characteristics of a
warfare agent with simulants will require a series of chemicals to replace each agent, which will increase the number of
tests and therefore not necessarily improve efficiencies. The TC on Respiratory Protection Equipment will continue to
provide standards which meet or exceed that required by law. The NFPA process ensures that frequent,
consensus-based reviews will continue.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

_______________________________________________________________________________________________
1981-19     Log #16  FAE-RPE

_______________________________________________________________________________________________
Christopher Langlois, Omaha Fire Dept. Training Bureau

Revise text to read as follows:
  Each EOSTI shall meet the activation requirements of NIOSH certification as specified in 42 CFR 84.

The above 6.2.3 wording should not be changed. NIOSH 42 CFR 84.83 (f) states that the SCBA
EOSTI activation should take place when the “remaining service life of the apparatus is reduced within a range of 20 to
25 percent of its rated service time”. We oppose changing the SCBA EOSTI activation level to any other level (i.e.: 33%,
50% or to be decided by the authority having jurisdiction). Please see the below reasons for opposition to changing the
EOSTI.

Note: Supporting material is available for review at NFPA Headquarters.

See Meeting Action on 1981-14 (Log #CP3).
See Committee Statement on 1981-14 (Log #CP3). The technical committee invites the

submitter to submit comments on this committee proposal.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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_______________________________________________________________________________________________
1981-20     Log #CP8  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Revise text to read as follows:
6.3.4 Where HUD is provided with an external wiring disconnect, the wiring disconnect shall be designed to prevent

accidental disconnection and shall not be capable of being connected in such a manner as to prevent the pneumatic
system and the HUD from operating simultaneously.

The technical committee is proposing text adding requirements for connection of externally-wired
HUDs to be modified to prevent improper connection.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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_______________________________________________________________________________________________
1981-21     Log #6  FAE-RPE

_______________________________________________________________________________________________
J. Roger Lackore, Pierce Manufacturing, Inc.

Add new text as follows:
6.7 Provisions for SCBA Retention in on an Apparatus
6.7.1 Each SCBA shall maintain an area clear of all obstructions forming a cylindrical area concentric with the bottle

and one inch greater in radius than the bottle radius. For a cylinder with a dome shaped top this clear area shall begin 1
inch below the point where the spherical top of the bottle transitions into the cylindrical body of the bottle. For cylinders
with flat tops, this clear area shall begin 2 inches below the top of the cylinder. This clear cylindrical area shall extend to
4 inches above the top of the bottle (see fig 1).

6.7.2 Each SCBA shall maintain a clear annular area concentric with the bottle, one inch greater in radius than the
bottle radius, and 2 inches in height beginning at the back of the SCBA bottle and sweeping 160 degrees both clockwise
and counterclockwise around the bottle. This clear annular area shall be located vertically on the bottle beginning on the
plane at which the spherical top of the bottle transitions into the cylindrical body of the bottle, and extending downward
(see fig 2). This area may overlap with the clear area specified in paragraph 6.7.1.

6.7.3 The bottle valve (or other lowest component) of each SCBA shall include a vertical surface with an area on the
side of the bottle where the pack is mounted that is clear of obstructions for 1.5 inches up from the bottom of the
component and for 0.5 inches from the valve (see fig 3).

6.7.4 Each SCBA pack shall be attached to the cylinder and constructed in such a manner that the SCBA can be
extracted from a retention device that grips the cylinder with a maximum force of 80 lbs without damaging the pack for
the expected life of the SCBA.

6.7.5 The SCBA bottle valve shall remain attached to the bottle without damage when a force of 20 times the weight of
the bottle and pack is exerted at the CG of the SCBA for 10 seconds with the SCBA being held in two places, at the top
of the bottle and at the extreme end of the valve.

SCBAs are commonly located inside the occupant area of fire or emergency vehicle apparatus. NFPA
1901 requires that such SCBAs be retained in a bracket to a minimum of 9 gs of deceleration to protect the occupants
from the SCBA becoming a projectile in the event of a crash. SCBA retention bracket manufacturers struggle to design
devices to adequately grip the bottle. The wide variety of SCBA pack designs, and the constant redesign of these
products, makes it very difficult to ensure that a retention bracket will work with any SCBA manufactures product. This
restricts inner-operability and places an undue burden on the fire service. This proposal establishes standards that
would provide clear areas on each SCBA cylinder around which the SCBA retention device manufacturer can design
universal products. It also establishes a minimum standard for SCBA pack durability when subjected to the repeated act
of extracting the SCBA from a retention device that grips the cylinder to retain it in a device.

The 80 lb extraction force criteria is based on actual measurements of various SCBA holders on the market. As a
base-line, the old “broom-clip” style bottle holders require 35 lb extraction force. This value also seems reasonable since
the weight of the bottle and pack can weigh as much as 35 lbs, and the pack should survive continually pulling of at
least twice its own weight so that it can last through the riggers of use at the fire scene.

The SCBA is commonly secured into the holder by gripping the bottle at the top, and the valve at the bottom. Although
testing indicates that the typical bottle valve is more than strong enough to withstand the retention forces using this
method of gripping, there does not appear to be any minimum valve strength criteria in the standard that would assure
that future valves would always be strong enough to be treated in this manner without damage. The factor of 20 is well
over the 9 g factor in 1901, but rather matches the FMVSS 207 seating systems. The logic being that if the seat should
be held to the vehicle at 20 g, then the pack should be retained in the seat to 20 g.

The proposal is design restrictive. It would prohibit using different pressure vessels other than
those in the shape of a cylinder, and it would prohibit different SCBA designs. The bracket referred to in the proposal is
not an issue within the scope of NFPA 1981.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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_______________________________________________________________________________________________
1981-22     Log #7  FAE-RPE

_______________________________________________________________________________________________
Roger Lackore, Pierce Mfg.

Add new text to read as follows:
6.7 Provisions for SCBA Retention in Fire Apparatus
6.7.1 Each SCBA shall maintain a space at the top of the bottle that is clear of all obstructions for retention devices that

grab the top of the bottle. This space shall be bounded by a cylindrical volume concentric with the bottle and one inch
greater in radius than the bottle radius. For a cylinder with a dome shaped top this clear area shall begin 1 inch below
the point where the spherical top of the bottle transitions into the cylindrical body of the bottle (see fig. 1A). For a
cylinder with a flat top, this clear volume shall begin 2 inches below the top of the cylinder (see fig. 1B). Each clear
volume shall be preserved for at least 4 inches above the top of the bottle.

6.7.2 Each SCBA shall maintain a space near the top of the bottle that is clear of all obstructions for retention devices
that grab around the body of the bottle. This space shall be bounded by an annular volume concentric with the bottle,
1.0 inch greater in radius than the bottle radius, and 2.0 inches in height beginning at the back of the SCBA bottle and
sweeping 160 degrees both clockwise and counterclockwise around the bottle. For a cylinder with a dome shaped top
this clear volume shall begin 1 inch below the point where the spherical top of the bottle transitions into the cylinderical
body of the bottle (see fig. 2A). For a cylinder with a flat top, this clear volume shall begin 2 inches below the top of the
cylinder (see fig. 2B). This volume may overlap with the volume specified in paragraph 6.7.1.

6.7.3 The bottle valve (or other lowest component) of each SCBA shall include a vertical surface with a volume on the
side of the bottle where the pack is mounted that is clear of obstructions to accommodate a retention tab. This space
shall be bounded by a rectangular prism that is 1.5 inches high beginning at the bottom of the valve, 0.5 inches deep
from the face of the valve, and 3 inches in width centered on the valve (see fig 3).

6.7.4 Each SCBA pack shall be attached to the cylinder and constructed in such a manner that the SCBA can be
extracted from a retention device with a force of 80 lbs without damaging the pack straps or frame for the expected life
of the SCBA.

6.7.5 The SCBA bottle valve shall remain attached to the bottle without damage when a force of 20 times the weight of
the bottle and pack is exerted at the CG of the SCBA for 10 seconds with the SCBA being retained by a fixture that grips
the top of the bottle and the extreme end of the valve (see figure 4).

****Insert Artwork Here (6 pieces: Figures 1A, 1B, 2A, 2B, 3, 4)****

SCBAs are commonly located inside the occupant area of fire or emergency vehicle apparatus. NFPA
1901 requires that such SCBAs be retained in a bracket to a minimum of 9 gs of deceleration to protect the occupants
from the SCBA becoming a projectile in the event of a crash. SCBA retention bracket manufacturers struggle to design
devices to adequately grip the bottle. The wide variety of SCBA pack designs, and the constant redesign of these
products, makes it very difficult to ensure that a retention bracket will work with all SCBA packs, frames and bottles. This
restricts inner-operability and places an undue burden on the fire service. This proposal establishes standards that
would provide clear spaces on each SCBA cylinder around which the SCBA retention device manufacturer can design
universal products. It also establishes a minimum standard for SCBA pack durability when subjected to the repeated act
of extracting the SCBA from a retention device that grips the cylinder to retain it in the holder.

The 80 lb extraction force criteria is based on actual measurements of various SCBA holders on the market. As a
base-line, the old “broom-clip” style bottle holders require 35 lb extraction force. This value also seems reasonable since
the weight of the bottle and pack can weigh as much as 35 lbs, and the pack should survive continually pulling of at
least twice its own weight so that it can last through the riggers of use at the fire scene.

The SCBA is commonly secured into the holder by gripping the bottle at the top, and the valve at the bottom. Although
testing indicates that the typical bottle valve is more than strong enough to withstand the retention forces using this
method of gripping, there does not appear to be any minimum valve strength criteria in the standard. Acceptance of this
proposal will assure that future valves would always be strong enough to be treated in this manner without damage. The
20 g factor matches the value used in FMVSS 207 for retention of seating systems. The logic for this value is that if the
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seat should be held to the vehicle at 20 g, then the pack should be retained in the seat to 20 g.

The proposal is design restrictive. It would prohibit using different pressure vessels other than
those in the shape of a cylinder, and it would prohibit different SCBA designs. The bracket referred to in the proposal is
not an issue within the scope of NFPA 1981.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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_______________________________________________________________________________________________
1981-23     Log #CP5  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Revise text to read as follows:

SCBA shall be tested for lens radiant heat resistance as specified in Section 8.28. SCBA facepiece pressure
shall not be less than 0.0 mm (0.0 in.) water column and shall not be greater than 89 mm (3½ in.) water column above
ambient pressure from the time the test begins until the time the test is concluded.

The duration of the test as specified in 8.28 will be no less than 80% of the NIOSH-rated duration of the
cylinder used.

This test method shall apply to SCBA facepiece assemblies without installed accessories.
Each sample to be tested shall be as specified in 4.3.9.

Prior to testing, specimens shall be conditioned for a minimum of 4 hours and tested at an ambient
temperature of 22°C, ±3°C (72°F, ±5°F) and RH of 50 percent, ±25 percent.

Specimens for conditioning shall be complete SCBA without installed accessories.

A test headform meeting the requirements specified in 8.1.4.1 shall be provided.
The test headform shall be attached to the breathing machine as specified in Figure 8.1.4.9, with the

modification that a 38 mm (1½ in.) I.D. breathing hose, not longer than 7.6 m (25 ft), shall be interconnected between
the breathing machine and the throat tube of the test mannequin headform.

The test headform shall be covered with an undyed aramid hood for protection of the headform during
testing.

The protective hood shall meet the hood requirements of NFPA 1971,
.

The protective hood, when placed on the test headform, shall not affect the seal of the facepiece to the
headform.

The protective hood shall cover the facepiece retention system that holds the facepiece to the headform,
the mask-mounted regulator and hoses, but not cover or protect any part of the facepiece lens.

The radiant heat test apparatus shall be as specified in
, Section 6.1.1 and Fig. 1, without the inclusion of the

Sheet Steel Stack.
A radiation shield shall be used to block radiant heat from the headform and facepiece before and after the

test.
The radiation shield shall be at least 64 cm (25 in) wide by at least 56 cm (22 in) high, and be constructed

of at least three layers of aluminum sheet separated by air gaps of 2 cm (0.8 in) with a black painted front side, or of
similar design sufficient to block the radiant heat.

A heat flux transducer, water cooled, total heat flux sensor of Schmidt-Boelter type, with a viewing angle of
180° and a standard range of 0-20 kW/m2, shall be used to measure the heat flux from the radiant heat test apparatus.

The heat flux transducer shall have been calibrated in the last 12 months.
The heat flux transducer shall be mounted so the face is vertical and parallel to the face of the radiant heat

test apparatus.
The heat flux transducer shall be centered both horizontally and vertically with respect to the face of the

radiant heat test apparatus.

The SCBA facepiece shall be mounted on the test headform to simulate the correct wearing position on a
person as specified by the SCBA manufacturer’s instructions.

The headform shall be positioned (at an angle if necessary) so that the vertical centerline of the facepiece
lens is parallel with the face of the radiant heat test apparatus.

The headform shall be positioned  so that the center of the facepiece lens is centered both horizontally and
vertically with respect to face of the radiant heat test apparatus.

The radiant heat test apparatus shall be ignited and allowed to preheat and stabilize for a minimum of 45
minutes.
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The air flow rate to the radiant heat test apparatus shall be set to 434 L/min, ±22 L/min (950 SCFH, ±50

SCFH).
The natural gas flow rate to the radiant heat test apparatus shall be set to 30 L/min, ±1.5 L/min (72 SCFH,

±4 SCFH).
During the conduct of the test, extraneous drafts shall be controlled by closing windows and doors,

stopping air-circulating devices, and arranging baffles between the apparatus and any remaining sources of drafts.
To calibrate the radiant heat apparatus, the heat flux transducer shall be moved in front of the radiant heat

test apparatus to a location where the heat flux transducer measures 15 kW/m2 ±0.5 kW/m2 for 5 minutes.
The output voltage from the heat flux transducer shall be sampled at a minimum rate of 1 Hz by a data

acquisition system, which has a minimum resolution of 1 part in 4096 of full scale (0.02%).
The output voltage shall be converted to units of heat flux using the most recent calibration coefficients.
The heat flux transducer shall be water cooled with 0.4 L/min – 0.8 L/min (0.1 gal/min – 0.2 gal/min) of

water at 16°C – 30°C (61°F – 86°F) , such that the exit temperature of the water does not vary more than ±2°C (4°F)
during the test.

The horizontal distance from the radiant heat test apparatus to the face of the heat flux transducer shall be
located and marked.

The heat flux transducer shall be removed from exposure to the radiant test apparatus.
After the radiant heat test apparatus has been preheated and has a calibration mark for 15 kW/m2, the

radiation shield shall be positioned in front of the radiant heat test apparatus.
The SCBA facepiece mounted on the test headform at the appropriate angle as described in 8.28.5.3 shall

be placed behind the radiation shield.
The airflow performance test shall be conducted as specified in 8.1.5, and with the heat flux specified in

8.28.5.5.
 The airflow performance test shall begin no longer than 30 s before the SCBA facepiece is exposed to the

radiant heat apparatus and shall continue for a total duration of 15 min.
The ventilation rate shall be set at 40 L/min, ±2 L/min, with a respiratory frequency of 24 breaths/min, ±1

breath/min at ambient conditions as specified in 8.1.3.2.
The radiation shield shall be removed, and the headform shall be moved towards the radiant heat

apparatus, within 5 seconds of shield removal, so that vertical front face of the facepiece lens is lined up with the
calibration mark for 15 kW/m2.

After the test headform is placed in the position specified in 8.28.5.9.1, the test exposure time of 5 minutes
+2.0 seconds /- 0.0 seconds shall begin.

At the completion of the 5-minute exposure, the headform shall be moved away from the radiant heat test
apparatus, and the radiation shield will be placed between the radiant heat test apparatus and the headform.

Within 15 seconds after the radiant heat exposure has been completed, the test headform shall be raised
150 mm, +6 mm/-0 mm (6 in., +¼ in./-0 in.) and dropped freely.

The facepiece pressure during the entire test shall be read from the strip chart recorder to determine pass
or fail as specified in 7.21.1.

Any pressure spike caused by the impact of the drop test and measured within a duration of three cycles of
the breathing machine after the apparatus drop shall be disregarded.

The facepiece pressure peak inhalation and peak exhalation shall be recorded and reported for each test
condition.

Pass or fail performance shall be based on the facepiece pressure peak inhalation and exhalation values for
the duration of the test.

Failure to meet any of the test condition requirements shall constitute failure of the SCBA.

The NFPA Respiratory Protective Equipment Committee became aware of a number of fire incidents
involving injury & fatalities where the self contained breathing apparatus (SCBA)  face piece lens was thermally
degraded while the fire fighters were likely still on air.

The National Institute of Occupational Safety and Health (NIOSH) Fire Fighter Fatality and Injury Prevention Program
(FFFIPP) investigation results were communicated to the technical committee and a committee task group was
established and with the assistance of s number of agencies, users, & manufacturers developed a test procedure to
challenge the SCBA face piece lens. With the assistance of National Institute of Standards & Technology (NIST),
thermal exposure tests,Lens Radiant Panel Heat Test and Lens Convection Heat and Flame Resistance Test,  were
developed and brought to the full committee for consideration.
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The task group developed two lens tests that would mimic and address the likely conditions experienced by fire fighers

during fire operations. The two tests address both the radiant thermal exposure and the convective heat exposure of
SCBA lens. The task group presented both tests to the full committee and the full committee agreed that both tests
should be added to NFPA 1981 standard to supplement the existing heat and flame test.

Affirmative: 26  Negative: 1
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

MARTIN, C.:  I agree with this in principle but feel that the decision to move forward was rushed without proper
justification.  The developmental testing was not conducted on all manufacturer's equipment and the data was not made
available to base a logical decision.

SELL, R.:  This test will stress the visor in a way which is repeatable and simulates the use of the SCBA while it is
service.
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_______________________________________________________________________________________________
1981-24     Log #CP6  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Revise text to read as follows:

SCBA shall be tested for lens heat and flame resistance as specified in Section 8.29. SCBA facepiece pressure
shall not be less than 0.0 mm (0.0 in.) water column and shall not be greater than 89 mm (3½ in.) water column above
ambient pressure from the time the test begins until the time the test is concluded.

The duration of the test as specified in 8.29 will be no less than 80% of the NIOSH-rated duration of the
cylinder used.

This test method shall apply to complete SCBA.
Each sample to be tested shall be as specified in 4.3.9.

Prior to testing, specimens shall be conditioned for a minimum of 4 hours and tested at an ambient
temperature of 22°C, ±3°C (72°F, ±5°F) and RH of 50 percent, ±25 percent.

Specimens for conditioning shall be complete SCBA.

A test mannequin meeting the requirements specified in Figure 8.29.4.1 shall be provided.

***INSERT Figure 8.29.4.1  Test Mannequin (Current Edition, Figure 8.11.4.1, not being shown)***

Both the calibration mannequin and the heat and flame test mannequin shall have protective coverings.
The protective coverings shall be a weld blanket made of fireproof silica cloth of a minimum weight of 18

oz/sq yd.
The protective coverings shall be designed and constructed to provide coverage over the surface of the

mannequins.
Where additional insulation is needed to protect the mannequin electronics, an additional thermal liner

underlayer shall be permitted.
The complete protective covering shall be discarded and shall not be used where the damage to any

portion indicates the covering can no longer provide thermal protection for the test mannequin.
A test headform meeting the requirements specified in 8.1.4.1 shall be used on the test mannequin.
The test headform shall be attached to the breathing machine as specified in Figure 8.1.4.9, with the

modification that a 38 mm (1½ in.) I.D. breathing hose, not longer than 7.6 m (25 ft), shall be interconnected between
the breathing machine and the throat tube of the test mannequin headform.

The test headform shall be covered with an undyed aramid hood for protection of the headform during
testing.

The protective hood shall meet the hood requirements of NFPA 1971,
.

The protective hood, when placed on the test headform, shall not affect the seal of the facepiece to the
headform.

The protective hood shall not cover or protect any part of the facepiece or the facepiece retention system
that holds the facepiece to the headform.

The heat and flame test apparatus shall be as specified in Figure 8.29.4.6.

***Insert Figure 8.29.4.6  Heat and Flame Test Apparatus (current Figure 8.11.4.6, not being shown)***

The test oven shall be a horizontal forced circulating air oven with a range of flow of 38 m/min to 76 m/min
(125 ft/min to 250 ft/min).

The test oven shall have minimum dimensions of 915 mm depth × 915 mm width × 1.22 m height (36 in.
depth × 36 in. width × 48 in. height).

The SCBA shall be mounted on the test mannequin to simulate the correct wearing position on a person as
specified by the SCBA manufacturer’s instructions.

30Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1981
The facepiece shall be mounted and tested on the test headform as specified in 8.1.4.1.
For calibration prior to the heat and flame test, the mannequin for calibration shall be the same as the test

mannequin specified in 8.29.4.1 and shall be exposed to direct flame contact for 10 seconds using the heat and flame
test apparatus.

All peak temperature readings shall be within a temperature range of 815°C to 1150°C (1500°F to 2102°F).
The average mean of all peak temperature readings specified in 8.29.5.3.1 shall be no higher than 950°C

(1742°F).
The test oven recovery time, after the door is closed, shall not exceed 1.0 minute.
The airflow performance test shall be conducted as specified in 8.1.5, with modifications to the ventilation

rate specified in 8.29.5.7 with the test temperatures specified in 8.29.5.3 and 8.29.5.8.
The variation in pressure extremes caused by the heat and flame test mannequin configuration shall be

determined as specified in 8.29.5.5.2 and 8.29.5.5.3.
The airflow performance test as specified in Section 8.1, Airflow Performance Test, shall be carried out

using the configuration specified in 8.29.4.4.
The difference in pressure between the two tests shall be calculated by subtracting the values obtained

using the configuration defined in 8.29.4.4 from the values obtained using the configuration specified in Section 8.1,
Airflow Performance Test.

 The airflow performance test shall begin no longer than 60 s before the SCBA and mannequin are placed
into the oven with the door closed and shall continue for a total duration of 24 min.

The ventilation rate shall be set at 40 L/min, ±2 L/min, with a respiratory frequency of 24 breaths/min, ±1
breath/min at ambient conditions as specified in 8.1.3.2.

The SCBA mounted on the test mannequin shall be placed in the test oven at a temperature of 260°C, ±5°C
(500°F, ±10°F).

After the test oven door is closed and the oven temperature recovers to 260°C, ±5°C (500°F, ±10°F), the test
exposure time of 5 minutes +2.0 seconds/- 0.0 seconds shall begin.  Recovery time shall be less than 60 seconds.

At the completion of the 5-minute exposure, the oven door shall be opened, and the SCBA mounted on the
test mannequin shall be moved out of the oven and into the center of the burner array.

The SCBA shall then be exposed to direct flame contact for 10 seconds, +0.25 second/-0.0 seconds.
This exposure shall begin within 20 seconds of removal of the SCBA from the test oven.
The SCBA shall be observed for any afterflame, and the afterflame shall be extinguished with a spray-type

device using room temperature water.
Within 20 seconds after the direct flame exposure has been completed, the SCBA mounted on the test

mannequin shall be raised 150 mm, +6 mm/-0 mm (6 in., +¼ in./-0 in.) and dropped freely.
The facepiece pressure during the entire test shall be read from the strip chart recorder and corrected by

adding the value of the difference in pressure calculated in 8.29.5.5.1 to determine pass or fail as specified in 7.22.1.
Any pressure spike caused by the impact of the drop test and measured within a duration of three cycles of

the breathing machine after the apparatus drop shall be disregarded.

The facepiece pressure peak inhalation and peak exhalation shall be recorded and reported for each test
condition.

Pass or fail performance shall be based on the facepiece pressure peak inhalation and exhalation values for
the duration of the test.

Failure to meet any of the test condition requirements shall constitute failure of the SCBA.

The NFPA Respiratory Protective Equipment Committee became aware of a number of fire incidents
involving injury & fatalities where the self contained breathing apparatus (SCBA)  face piece lens was thermally
degraded while the fire fighters were likely still on air.

The National Institute of Occupational Safety and Health (NIOSH) Fire Fighter Fatality and Injury Prevention Program
(FFFIPP) investigation results were communicated to the technical committee and a committee task group was
established and with the assistance of s number of agencies, users, & manufacturers developed a test procedure to
challenge the SCBA face piece lens. With the assistance of National Institute of Standards & Technology (NIST),
thermal exposure tests,Lens Radiant Panel Heat Test and Lens Convection Heat and Flame Resistance Test,  were
developed and brought to the full committee for consideration.

The task group developed two lens tests that would mimic and address the likely conditions experienced by fire fighers
during fire operations. The two tests address both the radiant thermal exposure and the convective heat exposure of
SCBA lens. The task group presented both tests to the full committee and the full committee agreed that both tests
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should be added to NFPA 1981 standard to supplement the existing heat and flame test.

Affirmative: 26  Negative: 1
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

SELL, R.:  This test is a complete SCBA systems test and a not a facepiece visor stress test. Any performance
problems related to the SCBA pneumatic system would result in a failure to meet the inhalation and exhalation pressure
requirements even if the facepiece lens is intact and functional. This test should be removed as a proposal for the next
edition of the NFPA 1981 standard.

_______________________________________________________________________________________________
1981-25     Log #18  FAE-RPE

_______________________________________________________________________________________________
Bill Parson, Scott Safety

Add text to read as follows:
8.1.4.8.1 Air exhaled thru the headform shall be conditioned to an average temperature of 80+-10 degrees F / 27+-12

Degrees C when measured at the breathing passage outlet at the mouth of the test headform.
By making the breathing simulator better replicate human respiration the test will better reflect the

performance of the respirator in actual use.
The mechanical breathing simulator significantly differs from actual measured respiration temperatures due to natural
heat exchange in the human respiratory tract.
Design decisions maybe made to optimize respirator performance for breathing simulators rather than for human use.
This addition will allow the breathing simulator to better replicate actual human use.

Add new text to read as follows:
8.1.4.8.1 Air exhaled thru the headform shall be conditioned to an average temperature of 80 +-10 degrees F (27+-6

degrees C) when measured at the breathing passage outlet at the mouth of the test headform.
The technical committee accepted the proposal in principle, and changed the + degrees C

from 12 to 6.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.

KUHN, J.:  The benefit to the fire service of conditioning the exhaled air from the breathing machine to 80 degrees F is
unclear, particularly in light of decades of test results without such conditioning.  As such, it seems an unnecessary
complication of the test.
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_______________________________________________________________________________________________
1981-26     Log #CP7  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Add a new paragraph as follows:
If a different geometry of pressure vessels are used compared to the standard industry cylinder construction,

the compartments shall be designed to accommodate the size and shape of the different pressure vessel, allowing a
clearance of 150 mm (6 in.) between the pressure vessel and all sides of the compartment.

The current vibration compartments cannot accommodate different pressure vessel sizes and shapes
that are not of the conventional design.

Affirmative: 27
4  Dower, N.,  Johnson, J.,  Kaller, C.,  Radtke, T.
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_______________________________________________________________________________________________
1982-1     Log #CP1  FAE-ELS

_______________________________________________________________________________________________
Technical Committee on Electronic Safety Equipment,

Review entire document to: 1) Update any extracted material by preparing separate proposals to
do so, and 2) review and update references to other organizations documents, by preparing proposal(s) as required.

To conform to the NFPA Regulations Governing Committee Projects.

The technical committee reviewed the entire document and updated any extracted material by
preparing separate proposals, and reviewed and updated references to other organizations documents, by preparing
proposal(s) as necessary.

Affirmative: 22
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_______________________________________________________________________________________________
1982-2     Log #18  FAE-ELS

_______________________________________________________________________________________________
Gordon R. Sletmoe, Medford Fire-Rescue

This proposal adds RF PASS as optional equipment associated with PASS, and the methods to
test and/or verify the performance of RF PASS.  Extensive additions, deletions, and revisions are indicated throughout
the document.  These changes are indicated by underscore or strike-through.

***INCLUDE 1982_L18_R.DOCX HERE***

***INCLUDE 1982_L18_S.DOCX HERE***

The technical committee accepted the proposal in principle, and reviewed each item. The TC
revised the text and is submitting a Committee Proposal based on this public proposal. Please see the recommendation
and substantiation in 1982-3 (Log #CP3).

Affirmative: 21  Negative: 1

PARKULO, C.: An audible alarm signal that is initiated automatically when the RF
communication between a and
user-worn is lost. The out-of-range alarm warns emergency services personnel that their is no
longer in radio communication
with the base station.
The Committees members recommendation during the  March 3-4, 2001 meeting was that the Out of Range Alarm was
to be changed state “ audible or visual”

shall allow for two additional modes: (4) , to be automatically engaged whenever
the

is enabled, and (5) to be automatically engaged whenever the and/or
are

active.
The mode selection device(s) shall be designed to provide automatic activation from the mode to the

mode without the user setting the mode selection device.
During the March meeting it was explained during the March 20011 meeting that there is no such mode on a PASS
device “ mode”

FEELY, M.:  Sec 7.1.2.2 lists a frequency test at 500hz.  This requirement was eliminated by the committee
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Chapter 1 Administration 

1.1 Scope. 
1.1.2  This standard shall specify the requirements for all new PASS, including but not limited to stand-alone PASS, and integrated PASS, and 
RF PASS. 

1.2 Purpose. 
1.2.1  The purpose of this standard shall be to establish minimum requirements for PASS that are intended for use by emergency services 
personnel during emergency operations and that emit an audible signal to summon aid in the event the user becomes incapacitated or needs 
assistance.  
1.2.1.1 This standard shall establish minimum requirements for RF PASS that are capable of transmitting a distress alarm and receiving an 
evacuation alarm via an RF signal. 
1.2.1.2 This standard shall establish minimum requirements for the base station used in RF PASS for the receipt of a remote distress alarm and 
the transmission of an evacuation alarm via an RF signal. 
 

Chapter 2 Referenced Publications 
2.3.4 NIST Publications. 

C.L. Holloway, G. Koepke, D. Camell, K.A. Remley, D.F. Williams, S.A. Schima, S. Canales, D.T. Tamura, "Propagation and Detection of 
Radio Signals Before, During, and After the Implosion of a 13-Story Apartment Building," Natl. Inst. Stand. Technol. Note 1540, May 2005  

C.L. Holloway, G. Koepke, D. Camell, K.A. Remley, D.F. Williams, S.A. Schima, S. Canales, D.T. Tamura, "Propagation and Detection of 
Radio Signals Before, During, and After the Implosion of a Large Sports Stadium (Veterans' Stadium in Philadelphia)," Natl. Inst. Stand. 
Technol. Note 1541, October 2005.  

C.L. Holloway, G. Koepke, D. Camell, K.A. Remley, S.A. Schima, M. McKinley, R.T. Johnk, "Propagation and Detection of Radio Signals 
Before, During, and After the Implosion of a Large Convention Center," Natl. Inst. Stand. Technol. Note 1542, June 2006. 

C.L. Holloway, W.F. Young, G. Koepke, K.A. Remley, D. Camell, Y. Becquet, "Attenuation of Radio Wave Signals Coupled Into Twelve Large 
Building Structures," Natl. Inst. Stand. Technol. Note 1545, Apr. 2008. 

K.A. Remley, G. Koepke, C.L. Holloway, C. Grosvenor, D. Camell, J. Ladbury, D. Novotny, W.F. Young, G. Hough, M.D. McKinley, Y. 
Becquet, J. Korsnes, ―Measurements to Support Broadband Modulated-Signal Radio Transmissions for the Public-Safety Sector,‖ Natl. Inst. 
Stand. Technol. Note 1546, Apr. 2008. 

K.A. Remley, G. Koepke, C. Grosvenor, R.T. Johnk, J. Ladbury, D. Camell, J. Coder, ―NIST tests of the wireless environment in automobile 
manufacturing facilities,‖ Natl. Inst. Stand. Technol. Note 1550, Oct. 2008. 

W. F. Young, K. A. Remley, J. Ladbury, C. L. Holloway, C. Grosvenor, G. Koepke, D. Camell, S. Floris, W. Numan, and A. Garuti, 
"Measurements to support public safety communications: attenuation and variability of 750 MHz radio wave signals in four large building 
structures," NIST Technical Note 1552, Aug. 2009.  

W.F. Young, K. A. Remley, D. W. Matolak, Q. Zhang, C. L. Holloway, C. Grosvenor, C. Gentile, G. Koepke, and Q. Wu "Measurements and 
models for the wireless channel in a ground-based urban setting in two public-safety frequency bands," NIST Technical Note 1557, May 2011. 

K.A. Remley, G. Koepke, C.L. Holloway, C. Grosvenor, D. Camell, J. Ladbury, R.T. Johnk, and W.F. Young, ―Radio wave propagation Into 
large building structures; Part 2, characterization of multipath,‖ IEEE Trans. Ant. Propagat., vol. 58, no. 4, Apr. 2010, pp. 1290-1301. 
2.3.5 2.3.4 Other Publications.  
Merriam-Webster’s Collegiate Dictionary, 11th edition, Merriam-Webster, Inc., Springfield, MA, 2003. 

Chapter 3 Definitions 

3.3 General Definitions. 
3.3.1 Alarm Signal. An audible or visual warning that indicates an emergency services person is in need of assistance, is experiencing a low 
battery condition or, for RF PASS, must evacuate, or is experiencing an out-of-range condition. 
3.3.1.1 Audible Distress Alarm Signal. An audible warning that is identifiable as an indication that an emergency services person is in need of 
assistance. 
3.3.1.2 Pre-Alarm Signal. An audible warning that is identifiable as an indication that a PASS is about to sound the audible distress alarm.  
3.3.1.3 Remote Distress Alarm. A distress alarm initiated by a user-worn RF PASS, transmitted to a base station via an RF signal. When 
received, the remote distress alarm triggers an audible alarm signal at the base station. 
3.3.1.4 Evacuation Alarm. An alarm initiated by a base station, transmitted to an RF PASS via an RF signal. The evacuation alarm warns 
emergency services personnel to evacuate the premises.  
3.3.1.5 Out-of-Range Alarm. An audible alarm signal that is initiated automatically when the RF communication between a base station and 
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user-worn RF PASS is lost. The out-of-range alarm warns emergency services personnel that their RF PASS is no longer in radio communication 
with the base station. 
3.3.14 Personal Alert Safety Systems (PASS). A device that continually senses for lack of movement of the wearer to and automatically 
activates the audible distress alarm signal indicating the wearer is in need of assistance. The device can also be manually activated to trigger the 
audible distress alarm alarm signal.  
3.3.14.3 RF PASS. A PASS that contains an optional RF transceiver that enables the PASS to automatically transmit remote distress alarms and 
receive evacuation alarms via RF signals. The RF PASS responds to an evacuation alarm with an audible and visual signal. 
3.3.14.3.1 Base Station. An RF transceiver used in conjunction with an RF PASS that monitors for a remote distress alarm and emits an audible 
and visual signal when this alarm is received. The base station is capable of sending an evacuation alarm to the RF PASS. 
3.3.15 Pre-Alarm Signal. An audible warning that is identifiable as an indication that a PASS is about to sound the alarm signal.  [Note: moved 
to 3.3.1.2]. 
3.3.1615 Product Label. A marking provided by the manufacturer for each compliant product containing compliant statements, certification 
statements, manufacturer and model information, or similar data. The product label is not the certification organization’s label, symbol, or 
identifying mark; however, the certification organization’s label, symbol, or identifying mark is attached to or is part of the product label. 
3.3.16 RF Transceiver. A radio system capable of both transmitting and receiving a modulated radio-frequency (RF) signal that is then 
converted to an audio and/or data signal. The RF transceiver is used to transmit and receive signals such as the remote distress alarm and the 
evacuation alarm for RF PASS. 

Chapter 4 Certification 

4.3 Inspection and Testing. 
4.3.9.1 The Single-Hop RF Attenuation Test shall be performed with the RF PASS and the base station connected together as described in 
Section 8.18. 
 
 

Table 4.3.10(a)  Test Matrix for Stand-Alone PASS and Removable Integrated PASS 
Test  

Order 
Specimens  

1–3 
Specimens  

4–6 
Specimens  

7–9 
Specimens  

10–12 
Specimens  

13–15 
Specimens  

16–18 
Specimens  

19–21 
1 Sound pressure 

(Section 8.2), 
specimens 1–3 

Shock 
sensitivity 

(Section 8.7), 
specimens 4–6 

Electronic 
temperature 

stress — 
elevated (8.3.5), 
specimens 7–9 

Water 
drainage 

(Section 8.11), 
specimens 10–

12 

Case integrity 
(Section 8.6), 
specimens 13–

15 

Vibration test 
(Section 8.9), 
specimens 16–

18 

Tumble 
vibration 

(Section 8.16), 
specimens 19–

21 
 

2 Alarm signal 
muffle (Section 

8.17), 
specimens 1–3 

Impact 
acceleration — 

ambient 
(Section 8.8), 
specimen 4 

Electronic 
temperature 
stress — low 

(8.3.6), 
specimens 7–9 

Corrosion 
(Section 8.4), 
specimens 10–

12 

Retention 
system (Section 

8.10), 
specimens 13–

15 

 Single-Hop RF 
Attenuation Test  
(Section 8.18), 
specimens 19-

21 
3 Signal 

frequencies 
(Section 8.14), 
specimens 1–3 

Impact 
acceleration — 
cold (Section 

8.8), specimen 5 

Electronic 
temperature 

stress — shock 
(8.3.7), 

specimens 7–9 

Product label 
durability 

(Section 8.15), 
specimens 10–

12 

High 
temperature 
functionality 

(Section 8.12), 
specimens 13–

15 

 Out-of-Range 
Alarm Test  

(Section 8.18), 
specimens 19-

21 

4 Heat/flame Test 
1 (8.13.5.9), 
specimen 1 

Impact 
acceleration — 

elevated 
(Section 8.8), 
specimen 6 

Product label 
durability 

(Section 8.15), 
specimens 7–9 

 Single-Hop RF 
Attenuation 

Test  (Section 
8.18), specimen 

13 

  

5 Heat/flame Test 
1 (8.13.5.10), 
specimen 1 

 Heat and 
immersion 

leakage (Section 
8.5), specimens 

7–9 

    

6 Heat/flame Test 
1 (8.13.5.11), 
specimen 1 

 Product label 
durability 

(Section 8.15), 
specimens 7–9 

    

7        
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Table 4.3.10(b)  Test Matrix for Nonremovable Integrated PASS 
Test  

Order 
Specimens  

1–3 
Specimens  

4–6 
Specimens  

7–9 
Specimens  

10–12 
Specimens  

13–15 
Specimens  

16–18 
1 Sound pressure 

(Section 8.2), 
specimens 1–3 

Shock sensitivity 
(Section 8.7), 
specimens 4–6 

Electronic 
temperature stress 

— elevated 
(8.3.5), specimens 

7–9 

Water drainage 
(Section 8.11), 

specimens 10–12 

Case integrity 
(Section 8.6), 

specimens 13–15 

Tumble vibration 
(Section 8.16), 

specimens 16–18 
 

2 Alarm signal 
muffle (Section 

8.17), specimens 
1–3 

Vibration test 
(Section 8.9), 
specimens 4–6 

Electronic 
temperature stress 

— low (8.3.6), 
specimens 7–9 

Corrosion 
(Section 8.4), 

specimens 10–12 

High temperature 
functionality 

(Section 8.12), 
specimens 13–15 

Single-Hop RF 
Attenuation Test 
(Section 8.18), 

specimens 16-18 
3 Signal frequencies 

(Section 8.14), 
specimens 1–3 

 Electronic 
temperature stress 
— shock (8.3.7, 
specimens 7–9 

Product label 
durability (Section 
8.15), specimens 

10–12 

Single-Hop RF 
Attenuation Test  
(Section 8.18), 
specimen 13 

Out-of-Range 
Alarm Test 

(Section 8.18), 
specimens 16-18 

4 Heat/flame test 1 
(8.13.5.9), 
specimen 1 

 Product label 
durability (Section 
8.15), specimens 

7–9 

   

5 Heat/flame test 1 
(8.13.5.10), 
specimen 1 

 Heat and 
immersion leakage 

(Section 8.5), 
specimens 7–9 

   

6 Heat/flame test 1 
(8.13.5.11), 
specimen 1 

 Product label 
durability (Section 
8.15), specimens 

7–9 

   

7       
 
4.3.10.3  When testing specimen PASS in accordance with Section 8.3, Electronic Temperature Stress Test; Section 8.4, Corrosion Resistance 
Test; Section 8.5, Heat Immersion/Leakage Resistance Test; Section 8.6, Case Integrity Test; Section 8.8, Impact Acceleration Resistance Test; 
and Section 8.13, Heat and Flame Test, one specimen PASS, instead of all three specimens tested in each test series, shall be selected to be used 
for evaluation of the requirements of 7.1.2, Pass audible distress alarm Signal. The one specimen PASS that is selected shall be chosen at random 
from each of the respective series of three specimens for each test.  

Chapter 5 Labeling and Information 
5.1.10 The base station component of an RF PASS system shall identify the maximum number of RF PASS remote distress alarms that the base 
station can process. This number shall be clearly printed on the product label. 
5.1.11 The base station and RF PASS units shall contain the appropriate product label specified by FCC guidelines, if any, for the radio system 
technology used. 

5.2 User Information. 
5.2.4  The PASS manufacturer shall provide at least the following instructions and information with each PASS:   

(1)  Pre-use information as follows:   
(a)  Safety considerations 
(b)  Limitations of PASS 
(c)  Marking recommendations and restrictions 
(d)  Warranty information 

(2)  Preparation for use as follows:   
(a)  Preferred mounting position and orientation for optimal performance 
(b)  Training instructions 
(c)  Recommended storage practices 
(d)  For RF PASS systems that utilize a portable computer as part of the base station, the danger of muting the computer’s 

speaker, in which case the base station operator would not receive the audible distress alarm or out-of-range alarm from the 
user-worn RF PASS. 

(3)  Inspection frequency and details 
(4)  Proper use  
(5)  Maintenance and cleaning as follows:   

(a)  Cleaning instructions and precautions 
(b)  Power source testing and replacement 
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(c)  Adjustments, if applicable 
(d)  Maintenance criteria 
(e)  Painting 
(f)  Decontamination procedures 

(6)  Retirement criteria and considerations 
(7)  Procedure for reporting PASS problems to the manufacturer and to the certification organization 

Chapter 6 Design Requirements 

6.1 General Design Requirements for PASS. 
6.1.2.5 RF PASS, in addition to emitting audible distress alarms, shall also transmit and receive alarm signals through the use of a modulated 
radio-frequency carrier. The RF PASS system shall consist of a wireless RF transceiver contained within the user-worn RF PASS and a base 
station RF transceiver that may be self-contained or designed to operate in conjunction with a portable computer. The base station unit must be 
capable of battery operation for up to one hour under alarm conditions. The use of repeaters is not precluded. 
6.1.2.5.1 The base station shall be designed to emit an audible and visual signal when the audible distress alarm described in 6.4.3 is activated by 
the user-worn RF PASS unit, when the evacuation alarm is initiated, and/or when the out-of-range alarm is triggered.  
6.1.2.5.2 Both the user-worn RF PASS unit and base station must comply with FCC regulations for radio-frequency transmissions for the 
transmission format chosen by the manufacturer. 
6.1.2.5.3 Antennas and/or other peripheral electronic components designed for use with RF PASS shall not interfere with or impede firefighting 
operations.  
6.1.2.5.4 Software used in conjunction with RF PASS and base stations shall be updated as necessary within six months by the manufacturer for 
newly released versions of the computer operating system for which the software was designed. 
6.1.3.3 Data logging may be carried out via RF signals transmitted by an RF PASS and received by the base station. 

6.2 Mode Selection Design Requirements for PASS. 
6.2.1  PASS shall incorporate a mode selection device or devices to allow for operation in at least three modes: (1) off, (2) alarm, and (3) sensing 
(1) off, (2) motion sensing and (3) audible distress alarm.  
6.2.1.1 RF PASS shall allow for two additional modes: (4) remote distress alarm, to be automatically engaged whenever the audible distress 
alarm is enabled, and (5) evacuation sensing, to be automatically engaged whenever the motion sensing and/or audible/remote distress alarms are 
active.  
6.2.2*  The mode selection device(s) shall be designed to provide automatic activation from the off mode to the motion sensing/evacuation 
sensing mode without the user setting the mode selection device.  
6.2.2.2  Such automatic activation shall be designed so that when PASS is automatically activated it shall be able to be manually switched from 
the motion sensing mode to the audible distress alarm mode/remote distress alarm mode, with the mode selection device but shall not be able to 
be switched to remain in the off mode until the automatic activation means is also intentionally deactivated. 
6.2.2.3 Base station units for RF PASS shall indicate on a visual display the presence of all RF PASS units that are in motion sensing/evacuation 
sensing mode. 
6.2.5  All mode selection devices shall be capable of being switched to the audible/remote distress alarm or motion sensing mode by a single 
gloved hand. The fingers of gloves utilized for this function test shall have a thickness of 2.5 mm to 4 mm (3/32 in. to 5/32 in.). 
6.2.6  Only one action shall be required to switch the mode selection device(s) from any mode to audible/remote distress alarm. 
6.2.7  When PASS is sounding the audible/remote distress alarm, it shall require at least two separate and distinct manual actions to silence the 
audible/remote distress alarm. 
6.2.7.1  Any action to silence the audible/remote distress alarm and the actual silencing of the audible/remote distress alarm shall not permit 
PASS to remain in the off mode. 
6.2.7.2  The silencing of the audible/remote distress alarm shall automatically reset PASS to the motion sensing mode. 
6.2.7.3 Base station units for RF PASS shall sound an audible alarm and indicate on a visual display the presence of all RF PASS units that are 
in remote distress alarm mode.  
6.2.8  PASS shall be provided with a light source capable of providing a visual indication of mode status as well as an audible source capable of 
providing an aural indication of a change in the mode selection when switching from off to motion/evacuation sensing, off to audible/remote 
distress alarm, and audible/remote distress alarm to motion/evacuation sensing. 
6.2.8.1 Base station units for RF PASS shall utilize a different visual display to indicate motion sensing, remote distress alarm, and evacuation 
alarm modes.  

6.3 Motion/Evacuation Sensing Design Requirements for PASS 
6.3.1  PASS shall incorporate motion sensing that shall detect motion and lack of motion of the person on whom the PASS is deployed and cause 
the activation of the sequence that leads to the sounding of the audible distress alarm when lack of motion is detected for the specified time. 
6.3.2  PASS shall sound the audible distress alarm signal specified in 6.4.3 when the PASS does not sense movement for 30 seconds, +5/-0 
seconds. 
6.3.2.1 The base station associated with RF PASS shall receive the remote distress alarm within 30 seconds of its transmission by the RF PASS 
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unless RF communication has been lost. 
6.3.2.2 Base station units for RF PASS shall sound the audible alarm and indicate the visual display specified in 6.4.3.1 for all RF PASS units that 
are in remote distress alarm mode. 
6.3.3  The audible distress alarm signal shall be preceded by a pre-alarm signal as specified in 6.4.2 that shall sound 10 seconds, +3/-0 seconds 
before the sounding of the audible distress alarm signal. 
6.3.5  PASS shall be designed so that any failure of the motion sensing function shall cause the PASS to sound the audible distress alarm signal 
as specified in 6.4.3 within 30 seconds, +5/-0 seconds of such failure. The PASS manufacturer shall submit a failure modes and effects analysis 
(FMEA) to the certification organization for verification of this requirement. 
6.3.7 For RF PASS the evacuation alarm shall be received within 30 seconds +5/-0 of its transmission by the base station unless RF 
communication has been lost. 

6.4 Signal Design Requirements for PASS. 
6.4.1 Operational Signal. 
6.4.1.1  PASS shall emit an audible operational signal within 1 second of completing the required action to set PASS to the motion sensing mode, 
indicating to the user that the device is functioning properly. 
6.4.1.2  When PASS is in the off mode and the power source is at or below the level specified in 6.4.4.1, the operational signal shall not sound 
when PASS is switched to the motion sensing mode. 
6.4.2 Pre-Alarm Signal. 
6.4.2.1  The PASS shall have at least an audible primary pre-alarm signal. The primary pre-alarm signal shall be a distinct and different sound 
from the audible distress alarm signal. 
6.4.2.4  PASS shall sound the pre-alarm signal(s) 10 seconds, +3/-0 seconds prior to the sounding of the alarm signal. 
6.4.2.6  PASS shall be designed to have at least a motion-induced cancellation of functioning of the pre-alarm signal(s) prior to the sounding of 
the audible distress alarm signal. 
6.4.2.8  PASS shall reset to the motion sensing mode upon cancellation of the pre-alarm signal. 
6.4.3 Alarm Signals. 
6.4.3.1  PASS shall sound the audible distress alarm when switched to the audible distress alarm signal mode. 
6.4.3.2  While in the motion sensing mode, PASS shall sound the audible distress alarm signal when activated by the motion sensing component 
when motion is not detected for 30 seconds, +5/-0 seconds  
6.4.3.2.1  For RF PASS, while in the motion/evacuation sensing mode, when the audible distress alarm is activated, the remote distress alarm 
shall be transmitted within 3 seconds. 
6.4.3.2.2 For RF PASS, while in the motion/evacuation sensing or audible/remote alarm modes, PASS shall sound an audible evacuation alarm 
within 30 seconds of the evacuation alarm being sent by the base station. 
6.4.3.3  When activated by the motion sensor, the audible distress alarm shall be preceded by the pre-alarm signal, which shall sound 10 
seconds, +3/-0 seconds before the sounding and transmission of the audible alarm signal. 
6.4.3.4  During the audible distress alarm signal sounding, all other audible PASS signals shall be rendered inactive. 
6.4.3.4.1  For RF PASS, during the audible distress alarm sounding, all other audible PASS signals shall be rendered inactive, with the exception 
of the evacuation alarm.  
6.4.3.5  The audible distress alarm signal shall have a duration of at least 1 hour at a sound pressure level of not less than 95 dBA  at the user-
worn PASS.  
6.4.3.5.1 For RF PASS, the remote distress alarm shall have a duration of at least 1 hour at the base station. 
6.4.3.6  The audible distress alarm signal shall be audible at the user-worn PASS in a variable or noncontinuous tone. 
6.4.3.6.1 For RF PASS, the remote distress alarm shall be audible at the base station. 
6.4.3.7  The audible distress alarm signal, once activated, shall not be deactivated by the motion detector. 
6.4.3.8  Any action to silence the audible distress alarm signal and the actual silencing of the audible distress alarm signal shall not permit the 
PASS to remain in the off mode. 
6.4.3.9  The silencing of the audible distress alarm signal shall automatically reset the PASS to the motion sensing mode. 
 
6.4.4 Low Power Source Warning Signal. 
6.4.4.1  While in the motion/evacuation sensing mode, PASS shall emit a recurrent audible low power source warning signal when the power 
source voltage is depleted to the level that will maintain the alarm signal audible distress alarm level of at least 95 dBA for at least 1 hour. 
6.4.4.2  The power source shall be discharged at a rate that is equal to the average current draw, ±10 percent of the same model PASS, while in 
the audible distress alarm mode. The rate shall be determined by measurement by the certification organization. 
6.4.4.3  The low power source warning signal sound shall be distinct and different from the pre-alarm signal(s) and the alarm signal audible 
distress alarm. 
6.4.5 Out-of-Range Alarm (RF PASS). 
6.4.5.1 For RF PASS, when loss of RF communication is detected, the base station shall emit a recurrent audible out-of-range alarm to the base-
station operator, and the user-worn RF PASS unit shall emit a recurrent audible out-of-range alarm to the user within 60 seconds of loss of 
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communication.  
6.4.5.2 The out-of-range alarm shall consist of an audible and visual alarm, distinct from the audible distress alarm, the remote distress alarm, 
and the evacuation signal.  
6.4.5.3 The base station and the user-worn RF PASS shall monitor for loss of RF communication periodically when the RF PASS is in sensing 
mode at a period not to exceed 60 seconds. 
6.4.5.4 The out-of-range alarm shall have an interval not to exceed 60 seconds. 
 

Chapter 7 Performance Requirements 

7.1 Sound Pressure Levels. 
7.1.2 PASS Alarm Signal. 
7.1.2.1  PASS shall be tested for the sound pressure level of the audible distress alarm signal as specified in Section 8.2, Sound Pressure Level 
Tests, shall not have the audible distress alarm signal, once activated, be deactivated by the motion detector; shall have the audible distress 
alarm signal sound pressure level not be less than 95 dBA for an uninterrupted duration of not less than 1 hour, and shall have PASS function 
properly as specified in 6.4.3. 
7.1.2.1.1 For RF PASS, the remote distress alarm shall have an uninterrupted duration of at least 1 hour at the base station. The remote distress 
alarm sound pressure level shall be not less than 80 dBA at the base station.  
7.1.2.1.2 If a portable computer is utilized in the base station, the sound pressure specified in 7.1.2.1.1 shall be tested using the manufacturer’s 
supplied portable computer.  
7.1.2.2  PASS shall be tested for signal frequency as specified in Section 8.14, Signal Frequency Test, and shall have the audible distress alarm 
signal consist of a minimum of three primary frequencies, at least one of which shall be 500 Hz, ±20 Hz, and at least two other frequencies shall 
not be less than 1000 Hz nor more than 4000 Hz; and shall have these frequencies sounded either sequentially or simultaneously. 
7.1.4 The out-of-range alarm sound pressure level shall be not less than 95 dBA at the user-worn RF PASS.  
7.1.4.1 The out-of-range alarm sound pressure level shall be not less than 80 dBA at the base station. 

7.4 Immersion Leakage Resistance. 
7.4.1  PASS shall be tested for resistance to leakage as specified in Section 8.5, Heat and Immersion Leakage Test, and for 8.5.5, Test Procedure 
1, PASS shall be evaluated for proper functioning of signals as specified in 6.4.2.4 and 6.4.3.2, shall meet the proper audible distress alarm 
signal sound pressure level as specified in 7.1.2.1, shall have no water in its power source compartment(s), and shall have the data logging 
functions specified in 6.1.3(1) through 6.1.3(6) operating properly. 

7.5 Case Integrity. 
PASS cases, housings, or enclosures shall be tested for integrity as specified in Section 8.6, Case Integrity Test; shall be evaluated for proper 
functioning of signals as specified in 6.4.2.4 and 6.4.3.2; shall meet the proper audible distress alarm signal sound pressure level as specified in 
7.1.2.1; shall support the test weight without affecting case integrity or causing visible damage; and shall have the data logging functions 
specified in 6.1.3(1) through 6.1.3(6) operating properly. 

7.12 Heat and Flame Resistance. 
7.12.1  PASS shall be tested for resistance to heat and flame as specified in Section 8.13, Heat and Flame Test, Test Procedure 1, and shall not 
have the afterflame exceed 2.2 seconds; shall have nothing fall off the PASS; shall not have the PASS fall from its mounted position; and the 
PASS shall function as follows:   

(1)  The audible distress alarm signal shall sound and continue to sound as specified in 6.4.3. 
(2)  The audible distress alarm signal shall meet the sound pressure levels as specified 7.1.2.1. 
(3)  At least two separate and distinct manual actions shall be required to change the mode selection device from audible distress alarm 

signal to motion sensing in order to silence the alarm as specified in 6.2.7. 
(4)  The data logging functions specified in 6.1.3(1) through 6.1.3(6) shall operate properly. 

7.12.2  PASS shall be tested for resistance to heat and flame as specified in Section 8.13, Heat and Flame Test, Test Procedure 2, and shall not 
have the afterflame exceed 2.2 seconds; shall have nothing fall off the PASS; shall not have the PASS fall from its mounted position; and the 
PASS shall function as follows:   

(1)  PASS shall emit the operational signal as specified in 6.4.1. 
(2)  PASS shall cycle from motion sensing to pre-alarm as specified in Section 6.3, Motion Sensing Design Requirements for PASS. 
(3)  The primary pre-alarm signal shall sound as specified in 6.4.2. 
(4)  PASS shall cycle from pre-alarm to audible distress alarm signal as specified in Section 6.3, Motion Sensing Design Requirements 

for PASS. 
(5)  The audible distress alarm signal shall sound as specified in 6.4.3. 
(6)  At least two separate and distinct manual actions shall be required to change the mode selection device from audible distress alarm 

signal to motion sensing in order to silence the alarm as specified in 6.2.7. 
(7)  The primary pre-alarm signal sound pressure level shall be as specified in 7.1.1.1, and supplementary pre-alarm signals shall 

function as designed. 
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(8)  The audible distress alarm signal sound pressure level shall be as specified in 7.1.2.1. 
(9)  The data logging functions specified in 6.1.3(1) through 6.1.3(6) shall operate properly. 

7.12.3  PASS shall be tested for resistance to heat and flame as specified in Section 8.13, Heat and Flame Test, Test Procedure 3, and shall not 
have the afterflame exceed 2.2 seconds, shall have nothing fall off the PASS; shall not have the PASS fall from its mounted position; and the 
PASS shall function as follows:   

(1)  PASS shall emit the operational signal as specified in 6.4.1. 
(2)  The mode selection device shall be capable of being switched from motion sensing to audible distress alarm signal as specified in 

6.2.5 and 6.2.6. 
(3)  The audible distress alarm signal shall sound as specified in 6.4.3. 
(4)  At least two separate and distinct manual actions shall be required to change the mode selection device from audible distress alarm 

signal to motion sensing in order to silence the alarm as specified in 6.2.7. 
(5)  The primary pre-alarm signal sound pressure level shall be as specified in 7.1.1.1, and supplementary pre-alarm signals shall 

function as designed. 
(6)  The audible distress alarm signal sound pressure level shall be as specified in 7.1.2.1. 
(7)  The data logging functions specified in 6.1.3(1) through 6.1.3(6) shall operate properly. 

 
7.15 Radio System Tests – Single-Hop RF Attenuation Test. 
 
RF PASS shall be tested for reliable wireless transmission and reception of alarm signals under a fixed amount of path loss (attenuation) as 
specified in Section 8.18, Radio System Tests for RF PASS – Single-Hop RF Attenuation Test.  
 
7.15.1 The base station shall automatically emit an audible alarm in response to a remote distress alarm received from the user-worn RF PASS 
within 30 seconds of alarm activation under the radio channel conditions specified in Section 8.18. The user-worn RF PASS shall automatically 
emit an audible alarm within 30 seconds of evacuation alarm transmission by the base station under the radio channel conditions specified in 
Section 8.18. 
 
7.15.2 The RF PASS shall be tested in conjunction with the model of base station with which it is intended to be deployed. If a portable computer 
is utilized in the base station, radio system tests shall be conducted using the manufacturer’s supplied portable computer. The portable computer, 
if used, shall be placed into the test chamber with the base station. 
 
7.15.3 The Single-Hop RF Attenuation Test is conducted to determine whether the user-worn RF PASS will operate in an RF propagation channel 
having a specified level of path loss. This level of attenuation shall be chosen to replicate that expected in certain firefighting conditions, as 
determined in Annex C ―Single-Hop RF Attenuation Test for RF PASS.‖ 
 
7.15.3.1 The Single-Hop RF Attenuation Test is conducted in two configurations (1) with the base station acting as the receiver and the user-worn 
RF PASS transmitting a remote distress alarm; (2) with the RF PASS acting as a receiver and the base station transmitting an evacuation alarm.  
 
7.15.3.2 For both configurations, the total attenuation (including cables, connectors, free-space path loss, antenna loss, and external added 
attenuation) between the base station and the user-worn RF PASS shall correspond 100 dB +/− 3dB, which is representative of path loss 
associated with houses and small buildings with exterior-facing rooms at frequencies of approximately 1 GHz, as discussed in Annex C ―Single-
Hop RF Attenuation Test for RF PASS.‖ The total attenuation shall be calculated using the methods described in Annex C. 
 
7.15.3.3 The Single-Hop RF Attenuation Test is conducted with no added radio interference. The single-hop attenuation test does not preclude the 
use of repeaters in the field.  
 
7.16 Radio System Tests – Out-of-Range Alarm Test. 
 
RF PASS shall be tested for initiation of audible and visual alarm signals when RF communication is lost as specified in Section 8.19, Radio 
System Tests for RF PASS – Out-of-Range Alarm Test.  
 
7.16.1 The base station shall automatically initiate the out-of-range alarm in response to loss of RF communication with the user-worn RF PASS 
within 60 seconds under the radio channel conditions specified in Section 8.19. The user-worn RF PASS shall automatically initiate the out-of-
range alarm within 60 seconds of loss of RF communication with the base station under the radio channel conditions specified in Section 8.19. 
 
7.16.2 The RF PASS shall be tested in conjunction with the model of base station with which it is intended to be deployed. If a portable computer 
is utilized in the base station, radio system tests shall be conducted using the manufacturer’s supplied portable computer. The portable computer, 
if used, shall be placed into the test chamber with the base station. 

Chapter 8 Test Methods 

8.2 Sound Pressure Level Tests. 
8.2.1 Application. 
8.2.1.3  Modifications to this test method for testing alarm signals audible distress alarm signals shall be as specified in 8.2.8. 
8.2.1.5  Modifications to this test method for testing remote distress alarm at the base station associated with RF PASS shall be as specified in 
8.2.11. 
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8.2.6 Report. 
8.2.6.1  The alarm signal audible distress alarm sound pressure level after testing as specified in 8.2.8 shall be measured, recorded, and reported. 
8.2.6.4  The remote distress alarm sound pressure level after testing as specified in 8.2.11 shall be measured, recorded, and reported. 
8.2.8 Specific Requirements for Testing Alarm Signals Audible Distress Alarm Signals 
8.2.8.1  The sound pressure level for the alarm signal audible distress alarm shall be measured in a spherical radius at a distance of 3 m (9.9 ft) in 
from the specimen's annunciator. 
8.2.8.4  The sound pressure level for the alarm signal audible distress alarm shall be measured for 60 minutes, +5/-0 minutes. 
8.2.8.5  The alarm signal audible distress alarm signals sound pressure level shall be recorded, evaluated, and reported for the entire duration to 
determine pass or fail performance. 
8.2.11 Specific Requirements for Testing Remote Distress Alarm Signals 
This section applies to the base station associated with RF PASS 
8.2.11.1  The sound pressure level for the remote distress alarm shall be measured in a spherical radius at a distance of 1 m (3.3 ft) in from the 
base station's annunciator. 
8.2.11.2  The sound pressure level for the remote distress alarm shall be measured for 60 minutes. 
8.2.8.5  The remote distress alarm sound pressure level shall be recorded, evaluated, and reported for the entire duration to determine pass or fail 
performance. 

8.3 Electronic Temperature Stress Test. 
8.3.5 Test Procedure 1. 
8.3.5.8  The audible distress alarm signal sound pressure level shall be measured as specified in 7.1.2 to determine pass or fail performance. 
8.3.6 Test Procedure 2. 
8.3.6.4  The audible distress alarm signal sound pressure level shall be measured as specified in 7.1.2 to determine pass or fail performance. 
8.3.7 Test Procedure 3. 
8.3.7.6  The audible distress alarm signal sound pressure level shall be measured as specified in 7.1.2 to determine pass or fail performance. 
8.3.8 Report. 
8.3.8.1  The specimen audible distress alarm signal sound pressure level shall be measured, recorded, and reported. 
8.4.4 Procedure. 
8.4.4.7  The audible distress alarm signal sound pressure level shall be measured as specified in 7.1.2 to determine pass or fail performance. 
8.4.5 Report. 
8.4.5.1  The specimen audible distress alarm signal sound pressure level shall be measured, recorded, and reported. 
8.5.5 Test Procedure 1. 
8.5.5.6  After the sixth cycle, the specimens’ audible distress alarm signal sound pressure level shall be measured as specified in 7.1.2.1 to 
determine pass or fail performance. 
8.5.6 Test Procedure 2. 
8.5.7 Report. 
8.5.7.1  For Test Procedure 1, the specimen audible distress alarm signal sound pressure level shall be measured, recorded, and reported. 
8.6.4 Procedure. 
8.6.4.8  The specimens’ audible distress alarm signal sound pressure level shall be measured as specified in 7.1.2 to determine pass or fail 
performance. 
8.6.5 Report. 
8.6.5.1  The specimen audible distress alarm signal sound pressure level shall be measured, recorded, and reported. 

8.8 Impact Acceleration Resistance Test. 
8.8.4 Procedure. 
8.8.4.5  Following each drop, the specimen shall remain motionless and shall sound the pre-alarm signal and the audible distress alarm signal 
from the sensing mode to evaluate proper functioning as specified in Section 6.3, Motion Sensing Design Requirements for PASS, for 
determining pass or fail performance, after which the audible distress alarm signal shall be stopped and the specimen reset to motion sensing 
mode for the next drop. 
8.8.4.7  Following the entire single series of drops, the specimen’s audible distress alarm signal testing shall begin within 30 seconds. 
8.8.4.9  The audible distress alarm signal sound pressure level shall be measured as specified in 7.1.2 to determine pass or fail performance. 
8.8.5 Report. 
8.8.5.1  The specimen audible distress alarm signal sound pressure level shall be measured, recorded, and reported. 

8.9 Vibration Resistance Test. 
8.9.5 Procedure. 
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8.9.5.6  The audible distress alarm signal sound pressure level shall be measured as specified in 7.1.2 to determine pass or fail performance. 
8.9.6 Report. 
8.9.6.1  The specimen audible distress alarm signal sound pressure level shall be measured, recorded, and reported. 

8.11 Water Drainage Test. 
8.11.4 Procedure. 
8.11.4.4  Specimens shall then be placed in the alarm mode and allowed to sound the audible distress alarm signal for at least 65 seconds without 
the specimen being moved. 
8.11.4.5  The audible distress alarm signal sound pressure level shall be measured as specified in 7.1.2 for the duration of the test. 
8.11.4.6  The audible distress alarm signal sound pressure level shall be measured and recorded at the 60 second, +5/-0 seconds, mark to 
determine pass or fail performance. 
8.11.5 Report. The specimen audible distress alarm signal sound pressure level shall be measured, recorded, and reported. 

8.12 High Temperature Functionality Test. 
8.12.5 Procedure. 
8.12.5.11  The specimen shall remain motionless and be allowed to cycle from sensing mode to alarm mode. When the PASS cycles into the 
alarm mode, within 30 seconds the sound pressure level for the audible distress alarm signal shall be measured in a spherical radius at a distance 
of 3 m, +1/-0 m (9.9 ft, +3.3/-0 ft) from the specimen’s annunciator. 
8.12.6 Report. 
8.12.6.1  The audible distress alarm signal sound pressure level measured after exposure to high temperature environment shall be recorded and 
reported. 

8.13 Heat and Flame Test. 
8.13.5 Procedure. 
8.13.5.8  For Test Procedure 1, the specimen mode selection device shall be set in the alarm mode and then exposed to the flame and drop 
sequences. Specimens shall be observed for the sounding of the audible distress alarm signal to determine pass or fail performance as specified 
in 7.12.1(1). 
8.13.5.13  For Test Procedure 1, specimens shall be observed for the continued sounding of the audible distress alarm signal to determine pass or 
fail performance as specified in 7.12.1(1). 
8.13.5.17  For Test Procedure 1, following the drop sequence, specimens shall be observed for the continued sounding of the audible distress 
alarm signal to determine pass or fail performance as specified in 7.12.1(1). 
8.13.5.18  For Test Procedure 2, following the flame and drop sequences, specimens shall remain motionless and allowed to cycle to the pre-
alarm signal and then to the audible distress alarm signal. 
8.13.5.18.1  Following the sounding of the audible distress alarm signal, the mode selection device shall be set to off. 
8.13.5.18.3  Specimens shall be observed for the activation and operation of the primary pre- audible distress alarm signal and the audible 
distress alarm signal to determine pass or fail performance as specified in 7.12.2(3) and 7.12.2(8). 
8.13.5.19.1  Where specimens begin to operate the pre-alarm signal(s) prior to being set to alarm, the specimen shall be jarred to cancel the pre-
alarm signal(s) before setting to audible distress alarm. 
8.13.5.19.2  Following the sounding of the audible distress alarm signal, the mode selection device shall be set to off. 
8.13.5.19.4  Specimens shall be observed for the sounding of the audible distress alarm signal to determine pass or fail performance as specified 
in 7.12.3(3). 
8.13.5.21  The audible distress alarm signal sound pressure level shall be measured as specified in 7.1.2.1 to determine pass or fail performance. 
8.13.6 Report. 
8.13.6.8  Observations of the sounding of the audible distress alarm signal and the continued sounding of the audible distress alarm signal shall 
be evaluated, recorded, and reported for each specimen. 
8.13.6.11  The specimen audible distress alarm signal sound pressure level shall be measured, recorded, and reported. 

8.14 Signal Frequency Test. 
8.14.5 Procedure. 
8.14.5.2  The pre-alarm or audible distress alarm signal shall be activated, and the signal frequency shall be measured. 
8.14.5.5  The two primary pre-alarm signal frequencies and the three primary audible distress alarm signal frequencies shall be measured using 
the frequency analyzer. 
8.14.6 Report. 
8.14.6.2  The three audible distress alarm signal primary signal frequencies shall be recorded and reported. 
8.14.7 Interpretation. 
8.14.7.1  Pass or fail performance shall be determined for each specimen for both the pre-alarm and the audible distress alarm signal s. 

8.15 Product Label Durability Test. 
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8.16 Tumble–Vibration Test. 
8.16.5.6  The audible distress alarm signal sound pressure level shall be measured as specified in 7.1.3 to determine pass or fail performance. 
8.16.6 Report. 
8.16.6.1  The specimen audible distress alarm signal sound pressure level shall be measured, recorded, and reported. 

8.17 PASS Audible Distress Alarm Signal Muffle Test. 
8.17.5 Procedure. 
8.17.5.5  The sound pressure level for the audible distress alarm signal shall be measured in a spherical radius at a distance of 3 m, +1/-0 m (9.9 
ft, +3.3/-0 ft) in from the waist of the test subject. 
8.17.6 Report. The audible distress alarm signal sound pressure levels shall be measured, recorded, and reported. 
Section 8.18 Radio System Tests for RF PASS – Single-Hop RF Attenuation Test 
8.18.1 Application. This test method shall apply to all RF PASS systems. 
8.18.2 Samples.  
8.18.2.1 Samples shall be complete RF PASS systems. 
8.18.2.2 Samples shall be conditioned as specified in 8.1.2. 
8.18.3 Specimens 
8.18.3.1 Specimens for testing shall be complete RF PASS consisting of a user-worn RF PASS and the base station designed for use with it, 
provided by the manufacturer. 
8.18.3.2 A single RF PASS and a single base station are used in each test. Three different sets of units (portable + base station) shall be tested.  
8.18.4 Test Apparatus 
8.18.4.1 The Single-Hop RF Attenuation test is conducted with the apparatus described in Annex C ―Single-Hop RF Attenuation Test for RF 
PASS.‖ A block diagram of the test apparatus is shown in Figure 8.18.4.1. 
 
 
 

Figure 8.18.4.1: Apparatus used for Single-Hop RF Attenuation Test. Two anechoic chambers provide shielding between the RF PASS 
and the base station. The chambers are linked by a known amount of attenuation, representing a specified path loss. 

 
 
 
 
 
8.18.4.2 The field uniformity of the test chambers shall be tested once for each frequency of operation and set of antennas used in the test 
chambers. 
8.18.5 Procedure. 
8.18.5.1 The Single-Hop RF Attenuation Test is conducted according to the methodology described in Annex C ―Single-Hop RF Attenuation Test 
for RF PASS.‖ 
8.18.5.2 The target path loss specified in 7.15.3.2 shall be set up in the test chambers before the attenuation is measured. A different set up shall 
be completed for each frequency of operation and set of antennas used in the test chambers. 
8.18.5.3 The RF PASS system shall be tested with the user-worn RF PASS placed in two orientations and the base station placed in one 
orientation for each of the remote distress alarm and evacuation alarm tests. This is a total of four measurements for each Single-Hop RF 
Attenuation Test. 
8.18.5.4 Repeatability. Repeatability is established by measurement of the four separate devices specified in Table 4.3.10(a) (Specimens 13, 19-
21) or Table 4.3.10(b) (Specimens 13, 16-18).  
8.18.6 Report. 
8.18.6.1 All quantities shall be reported to the nearest decibel. 
8.18.6.2 The operator shall note the results of the all tests specified in 8.18.5, including the values of (1) Target path loss associated with the test 
environment. (2) Maximum difference in field uniformity within an area covering the center 30 cm x 30 cm of the test chamber, as measured in 
Annex C. (3) Value of measured path loss when the external attenuator is set to 0 dB (Called SVNA,0dB in Annex C). (4) Value of external 
attenuators used. (5) Frequency of operation (the minimum and maximum operating frequencies utilized). 
8.18.7 Interpretation. 
8.18.7.1 Pass or fail performance shall be determined for each specimen. 
8.18.7.2 One or more specimens failing this test shall constitute failing performance. 

 
Section 8.19 Radio System Tests for RF PASS – Out-of-Range Alarm Test 
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8.19.1 Application. This test method shall apply to all RF PASS systems. 
8.19.2 Samples.  
8.19.2.1 Samples shall be complete RF PASS systems. 
8.19.2.2 Samples shall be conditioned as specified in 8.1.2. 
8.19.3 Specimens 
8.19.3.1 Specimens for testing shall be complete RF PASS consisting of a user-worn RF PASS and the base station designed for use with it, 
provided by the manufacturer. 
8.19.3.2 A single RF PASS and a single base station are used in each test. Three different sets of units (portable + base station) shall be tested.  
8.19.4 Test Apparatus 
8.19.4.1 The test apparatus described in 8.18.4 for the Single-Hop RF Attenuation test shall be used.  
8.19.5 Procedure. 
8.19.5.1 The Out-of-Range Alarm Test is conducted with the user-worn RF PASS placed in one test chamber and the base station placed in a 
second chamber. 
8.19.5.2 The path loss used in the Out-of-Range Alarm Test is infinite, implemented by disconnecting the coaxial cables that were connected to 
the attenuator in the Single-Hop RF Attenuation test. These cables are shown in Figure 8.18.4.1. 
8.19.5.3 The orientation of the user-worn RF PASS and the base station is not critical. 
8.19.5.4 An RF link is established between the RF PASS and base station with the doors to the test chambers open. When the link has been 
established, the doors are closed. 
8.19.5.5 Upon closing the second door, the duration until the out-of-range alarm sounds from each of the user-worn RF PASS and the base station 
shall be noted. 
8.19.5.6 Repeatability. The Out-of-Range Alarm Test shall be conducted once for each of three Specimens 19-21 (Table 4.3.10(a)) or Specimens 
16-18 (Table 4.3.10(b)). 
8.19.6 Report. 
8.19.6.1 The operator shall note the results of the three tests specified in 8.19.5.6, including the duration before the out-of-range alarm sounds at 
the user-worn RF PASS and base station, and the frequency of operation. 
8.19.7 Interpretation. 
8.19.7.1 Pass or fail performance shall be determined for each specimen. 
8.19.7.2 One or more specimens failing this test shall constitute failing performance. 
 

Annex A Explanatory Material 
 

Annex A is not a part of the requirements of this NFPA document but is included for informational purposes only. This annex contains 
explanatory material, numbered to correspond with the applicable text paragraphs. 
A.1.1.1  NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, requires that each person involved in rescue, fire 
fighting, or other hazardous duties be provided with and use a PASS. 
PASS should be worn on protective clothing or protective equipment, or as an integrated part of another item of protective clothing or protective 
equipment and used whenever the member is involved in fire suppression or similar activities, regardless of whether SCBA is worn. This might 
require the PASS to be moved from one protective clothing item to another or the department to purchase additional PASS for use where 
structural protective clothing is not worn, as in, for example, wildland fire fighting, technical rescue, and high-angle rescue. 
PASS are designed to assist in locating fire fighters or other emergency services personnel who become incapacitated or are in need of assistance. 
RF PASS contain an optional RF transceiver that enables the PASS to automatically transmit remote distress alarms and receive evacuation 
alarms via RF signals. The RF PASS responds to an evacuation alarm with an audible and visual signal. A complete RF PASS system includes a 
base station that monitors for a remote distress alarm from the portable RF PASS unit and emits an audible and visual signal when this alarm is 
received. The base station is also capable of sending an evacuation alarm to the RF PASS. 
Section 5.3 of NFPA 1561, Standard on Emergency Services Incident Management System, and Section 8.4 of NFPA 1500, Standard on Fire 
Department Occupational Safety and Health Program, require every fire department to establish a system of fire fighter accountability that 
provides for the tracking and inventory of all members during emergency operations. 
A.1.1.4  After many years of exhaustive debate the Committee is now confident that the appropriate testing criteria have been developed to allow 
RF PASS to be included in this Standard as an option. searches of systems and testing applications, the Committee could not develop criteria to 
determine that the performance of such enhancements would be achieved with any degree of certainty and could not develop the appropriate test 
methods to determine that such features would perform reliably and consistently for the safety of the emergency services personnel. 
Until such time that sound performance requirements and testing methods are developed that can verify the repeated reliability of the 
performance, within necessary operational and safety parameters, and that give a high degree of confidence of the performance of the 
enhancements, the Committee will not address such requirements in the standard. The Committee’s opinion is that the inclusion at this time of 
requirements for such enhancements could potentially increase the risk to the emergency services personnel who might use PASS with such 
enhancements believing the enhancements would function in all situations to increase their margin of safety. 
Purchasers and manufacturers of PASS should understand that NFPA 1982 addresses the minimum requirements for PASS. New technologies 
and capabilities are available for PASS for the tracking and accountability of emergency services personnel, and emergency services 
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organizations might want to consider specifying such additional features and capabilities that are not included within the minimum standard. 
PASS enhancements (accessories) could include the following:   

(1)  One-way distress notification 
(2)  Two-way distress/evacuation and mass/team evacuation notification 
(3)  Electronic personnel accountability 
(4)  Person-to-person local distress notification 
(5)  Person locator systems 
(6)  Additional systems information (data logging features such as cylinder pressure, temperature, breathing rates, elapsed time, etc.) 

Where purchasers are interested in enhancements RF PASS, they should consider the benefits and limitations of the additional capabilities before 
making a purchase. Emergency services organizations vary greatly in size, response types, and capabilities. Fire departments on the West Coast, 
for example, are more likely to encounter multiple-alarm wildland fires than New York City, Boston, or Chicago, which are more likely to 
experience multiple-alarm tenement or row house building fires than wildfires. Flood-prone regions are less likely to have underground garages, 
sub-basements, or subway systems. All these examples provide different challenges for the utilization of current versions of enhanced RF PASS 
PASS. 
RF PASS Many, but not all, enhancements to current PASS utilize radio signal technology. Radio signals react differently in variable and 
different environments. Different environments present different challenges to radio communications and radio signals. Transmission of radio 
signals is affected by topography, weather conditions, building layout and design, and construction material, as well as other obstructions that 
may be in a given area. 
While the newly developed test criteria offer a very good predictor of the RF PASS performance, testing lab environments cannot be replicate the 
total environment in which RF PASS they could be used. In the testing lab environment, alarm systems, monitoring devices, and even personal 
alert devices, such as PASS, cannot be ―tested‖ in the total environment in which they could be used. Prospective end users, however, can 
conduct field testing of RF PASS such devices in the total environment in which they could be used. Devices such as antennas or repeaters are 
may be incorporated into RF PASS Systems radio frequency (RF) systems used in large industrial and commercial facilities. Realistic and 
rigorous on-site testing of systems and components will help ensure satisfactory coverage and help the user develop reasonable expectations. 
Physical testing of RF PASS personnel safety systems utilizing any form of RF technology should be conducted in an actual or realistic 
environment. Current RF laboratory tests offer very good indicators regarding the reach and penetration of the RF signal(s). However no lab test 
can testing methods cannot take into account the variety of construction and obstructions commonly found, such as building layout and design, 
construction materials, topography, and environmental factors. Users must take local factors into consideration in their immediate response areas 
and consider such things as local topography, weather conditions, and local forms of construction for the RF PASS system to meet their 
expectations. 
Based on actual jurisdictional performance testing, appropriate public safety or government officials can make informed decisions regarding the 
purchase, use, and development of operational procedures to be used in providing the maximum level of personal protection for fire and rescue 
personnel in their jurisdiction. 
Purchasers must be aware that RF PASS is a PASS and a PASS with enhanced features are only one component of an overall accountability 
system or program. Purchasers must develop operational procedures to ensure that the system will function as expected. 
Recommendations. Considering the factors noted in the preceding paragraphs, the purchaser should develop a testing and performance criteria 
similar to the following:   

(1)  Prior to using or purchasing a product or system, the local emergency services organization should select several different typical 
target hazard test locations in their normal response area for field testing of the product or system. 

(2)  Consideration should also be given that these target hazard test locations should provide rigorous testing scenarios and should 
include radio transmission dead spots, unusual topography, unusual building complexes, aboveground and belowground 
configurations, and construction. 

(3)  A person(s) designated by the local head of the emergency services organization(s) should participate in site selection and field 
testing. 

(4)  Testing should be conducted by simulation of actual emergency operations and conditions.   
(a)  The emergency services official should designate an area (i.e., base station) where the base station receiving components of 

the RF PASS PASS could be located if the incident were real. 
(b)  Emergency responders should wear or carry the devices just as they would during an actual emergency and travel to all 

areas of the simulated emergency scene test area. 
(c)  Remote distress alarms and evacuation alarms Alarm and distress signals must be activated from many areas within the test 

site while the base station receiving devices are is monitored to ensure reception or acknowledgment of each remote distress 
or evacuation alarm alarm or distress signal. 

(d)  Attempts should be made to make the test scenarios for RF PASS RF testing as difficult and challenging as possible so 
problem areas where an RF signal could have difficulty penetrating a building or structure can be isolated and addressed. 

(e)  Testing results should be recorded, with environmental factors such as the type of occupancy (residential, commercial, 
industrial, etc.), construction features, weather conditions, and location noted. 

(5)  Enhancement devices (leaky coaxial feeders, repeaters, enhanced radio receivers) can be used, as necessary, with placement and 
effectiveness recorded. 

(6)  Fire or emergency responders who would routinely have multiple base stations receiving components on the scene of an actual 
emergency should place multiple base stations receiving devices in service during field-testing scenarios in accordance with their 
standard operating procedures. 
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(7)  NFPA 5000, Building Construction and Safety Code, outlines the eight basic types of construction that should be considered as part 
of the field-test criteria. 

(8)  Users should evaluate the effectiveness of the RF PASS device as it relates to the developed operational procedures. 
By conducting these recommended field tests, the end user can witness the performance of the product in the environment in which it is intended 
to be used, determine, with reasonable accuracy, whether the product does or does not meet their expectations, and then make an appropriate 
decision. 
The committee clearly understands the benefits consequences of not being able to provide an incident commander with immediate notification of 
fire fighters in distress as well as a method to evacuate fire fighters in the event of an imminent building collapse or other emergency. A study of 
the NIOSH Firefighter Death and Injury Reports over the past 10 years validates the necessity for these immediate notifications. As indicated in a 
letter from the CDC/NIOSH/DSR Investigation Team, dated April 14, 2011, ―We are in agreement that providing PASS devices that offer two-
way Mayday and Evacuation signal capabilities would greatly enhance fire fighter safety at structure fires and other emergency response events.” 
These facts weighed heavily on the Committee’s decision to include RF PASS as an option in this Standard.  
Personnel locating systems are next on the technical horizon. It is our intention to take a proactive approach to encourage government, 
educational institutions, and third-party compliance agencies to work in concert to develop appropriate test criteria that will validate the 
performance of this locating technology as we did with RF PASS. 
A.1.2.2  Although all PASS that are in compliance with this standard have been tested to stringent requirements, there is no inherent guarantee 
against PASS failure or fire fighter injury. Even the best-designed PASS cannot compensate for abuse or lack of a PASS training and 
maintenance program. The severity of these tests should not encourage or condone abuse of PASS in the field. 
By themselves, the environmental and physical tests utilized in this standard might not simulate actual field conditions, but they are devised to put 
extreme stress loads on PASS in a manner that is accurate and reproducible by test laboratories. However, the selection of the environmental tests 
was based on summary values derived from studies of conditions that relate to field use. 
A.4.3.9  Some manufacturers of PASS offer devices that incorporate temperature sensing, radio transmission of distress signals, position location 
or other features that this document does not address. This document requires that the PASS, including all additional features installed on or in 
the PASS, comply with all requirements of this standard. 
Users can investigate these features with the individual manufacturers to determine whether they want to specify such additional features. 
Certification of the PASS to NFPA 1982 applies to the basic and RF PASS device only and not for any additional features not required by the 
standard. 
A.6.1.5  Removing the power source cover and power source for inspection for water and performing the extended immersion test with the power 
source cover removed provide a test for the isolation requirement between the power source compartment and the electronics compartment stated 
in 6.1.5. The extended test is also meant to verify that the electronics compartment maintains a watertight seal when the power source cover is 
removed. 
Note: Auto-On PASS has been a requirement since issuing the 1998 Edition of NFPA Standard 1982 for PASS. Since the introduction of the 
Auto-On PASS thirteen years ago, failure to turn on a PASS has become a moot issue.  
A.6.2.2  Over the years, several incidents have resulted in fire fighter deaths in situations where other fire fighters were in the vicinity. The 
common thread in far too many of these incidents was that the fire fighters were wearing PASS but did not have the PASS activated. While no 
one can definitely say that the fire fighters would have survived if their PASS had been activated, investigations have shown that other fire 
fighters were operating in the vicinity but were unaware that fire fighters were in trouble. Most of these fires were not fully involved conditions 
where no other fire fighters were operating in the interior when the victim fire fighters went down. In some of these incidents, other fire fighters 
walked or crawled over the downed fire fighters without realizing that they were there. In another incident, fire fighters heard the alarm signal 
from a PASS and were searching for the victim only to find the PASS lying on the floor and not attached to a fire fighter. The rescuers were 
unable to locate the victim fire fighter until the fire was extinguished. The fire fighter was found dead. 
Fire fighters who have died without a PASS or wearing a non-activated PASS certainly would have had a significantly better chance of being 
rescued and surviving if their PASS had been activated. 
An informal survey conducted by the Technical Committee to try to determine PASS problems that this standard could attempt to correct 
revealed some important and disturbing data. Nearly one thousand fire fighters from across the United States and Canada responded to the 
survey. To the question, ―Do you activate your PASS at every fire?‖ over 60 percent answered, ―No.‖ To the question, ―Why don’t you activate 
your PASS at every fire?‖ 344 answered, ―I forgot,‖ and 206 answered that the operations were ―routine, not thought to be dangerous.‖ 
The Phoenix Arizona Fire Department recognized the problem of its own fire fighters’ not activating their PASS at emergency incidents and 
pioneered the SCBA-integrated PASS. The Phoenix Fire Department deserves considerable credit for taking a proactive position and working 
with manufacturers to develop PASS integrated with SCBA rather than just complaining that there were problems with existing PASS. The 
Phoenix Fire Department also participated in the standards development process and supplied the Committee with information and ideas to assist 
the Committee during the revision process. While the Committee recognizes that PASS integrated with SCBA helps with getting PASS activated, 
it depends on use of SCBA. There are still fire departments where all fire fighters do not routinely use and breathe from SCBA. There also are 
several types of operations where SCBA might not be used and stand-alone PASS is required by NFPA 1500, Standard on Fire Department 
Occupational Safety and Health Program. 
Although all the requirements for PASS in NFPA 1982 are considered safety issues, the issue of fire fighters’ not activating their PASS is one 
that has an actual body count attached to it. Fire fighters are dying while wearing PASS that is not activated. The Committee has addressed this 
issue with the design requirement for automatic activation for all PASS. This new requirement recognizes the advances made by PASS integrated 
with SCBA but is not limited to this single method. Because design requirement has been written without specifying the method for activation to 
reduce design restriction to the extent possible, manufacturers can be creative in designing automatic activation systems for their product. The 
Committee fully realizes the danger and consequences of non-activated PASS and is committed to correcting the problem. 
Emergency services organizations that use PASS should make the commitment to provide PASS, educate personnel in the use of PASS, ensure 
that PASS are worn and used by all personnel participating in emergency operations, ensure that PASS are activated for every emergency 
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operation, frequently review their PASS program, and revise the program as necessary. Fire fighters and others using PASS should accept 
personal responsibility to use and activate PASS before engaging in emergency operations and not shut off PASS until the operation is finished or 
until they are clear of the danger area. 
The function of the pre-alarm signal is not to annoy the PASS wearer but to ask, in effect, ―I’m not sensing any motion — are you OK?‖ 
Physical movement or shaking of the PASS will reset it and let it continue to function to perhaps help save the wearer’s life. It cannot help if it is 
not activated or if it is turned off after the wearer is involved in an emergency operation. 
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Annex C: Single-Hop RF Attenuation Test for RF PASS 

C.1 Introduction  

The RF Attenuation Test verifies the performance of RF PASS systems operating under conditions where a significant path loss (also called 
―attenuation‖) is encountered, such as inside a building or other structure. A combination of two small anechoic chambers, antennas, cables, and 
an adjustable attenuator are used to create a repeatable RF propagation environment where a specified level of attenuation can be inserted 
between a user-worn RF PASS and its base station. Successful reception of an alarm signal under this level of attenuation constitutes a pass of the 
test. Two alarms are tested in the Single-Hop RF Attenuation Test. First, the reception of the remote distress alarm by the base station is tested 
when the audible distress alarm on the user-worn device is activated. Second, reception of the evacuation alarm by the user-worn device is tested 
when it is initiated at the base station. 

This test method is designed to allow free-field testing of a complete RF PASS system, that is, testing of the system without the use of conducted 
measurements or removing the antennas. This is important because the antennas on many RF PASS devices are integrated into the user-worn 
SCBA, which can impact the radiation pattern of the antenna. Free-field testing allows the system to be characterized with any unusual antenna 
radiation pattern intact. 

This test method was also designed to be as cost effective as possible. While the use of shielded anechoic chambers is rather expensive, the 
design of the units shown here is as inexpensive as possible. Inexpensive patch antennas are used. It is anticipated that, as more and more wireless 
electronic safety equipment becomes available, the chambers described here can be used for testing those systems as well. The chambers were 
also designed to be as easy to use and manipulate as possible because of the necessity for repeat measurements. 

C.2 The Target Value of Attenuation 
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In the field, the amount of attenuation between a base station and RF PASS unit will be affected by many parameters, including the distance 
between them, the building materials, the location within a given building, the frequency of operation, and the type and orientation of the transmit 
and receive antennas, among other factors. The large range of possible values for these factors complicate the choice of a target value for the 
attenuation. Table C1 shows broad categories of path loss that were determined from a series of field tests carried out by NIST over the course of 
several years. These measurements are summarized in NIST Technical Notes 1540-1542 [1-3], 1545-1546 [4, 5], 1550 [6], 1552 [7], and 1557 
[8]. 

Table C1: Proposed classification of Low, Medium, and High attenuation based on NIST studies. 

Classification Attenuation (dB) Typical structures Current PASS 

Low Less than 100 
Houses, small buildings 
with exterior-facing 
rooms 

Single unit 

Medium 100 to 150 
Moderate-sized and tall 
structures with some 
interior rooms 

With repeater 

High Over 150 
Very large structures 
and those with 
subterranean floors 

Multiple repeaters 

 

The Single-Hop RF Attenuation Test is designed to replicate the Low Attenuation classification, corresponding to houses, small buildings, and 
buildings with exterior-facing rooms, such as multi-story apartment buildings where each unit faces the outside of the building. Based on the 
NIST data, a target attenuation value of 100 dB was chosen for this test. The attenuation value represents the path loss between the transmit and 
receive antennas, referenced to a 3 m calibration measurement that removes the effects of the measurement system’s antennas. See [9] for more 
details on these measurements. 

C.3 Measurement System Set-up 

Error! Reference source not found.Error! Reference source not found. shows a typical Single-Hop RF Attenuation Test set-up. Two 
anechoic chambers provide shielding between the portable unit and the base station. The total path loss (or gain) associated with the 
environmental elements marked in Figure C1 simulates the path loss experienced by personnel carrying RF PASS within a building or structure 
when the base station is located outside. The value of the external attenuator is adjusted in a calibration step described below to match the target 
attenuation.  

The chambers are shielded so that the user-worn RF PASS and base station are isolated from each other. This allows testing of RF attenuation 
alone. RF interference should be tested in a separate test method. The anechoic material in the chamber simulates a reflection-free environment. 
Multipath reflections should be tested with a separate test method. 

 

 

 
 ***Insert Figure C1: Test set up and sources of path loss (and gain) in the Single-Hop RF Attenuation Test. Here*** 
(is same Figure as 8.18.4.1?-see original electronic file in digassets-elec-F2012rop-1982 Sletmoe pdf copy) 
 
 
 

Antennas are mounted in the top of each chamber to receive the signal emitted by the device under test and couple it to the exterior of the 
chamber. The total system attenuation includes the gain (if any) in these antennas, the free space path loss between the PASS or base station and 
these antennas, the cables connecting the chambers, and external attenuators that are added to achieve the desired amount of path loss. The single-
hop test method requires that the RF PASS system is able to send and receive alarms when the sum of these components of attenuation 
corresponds to that specified in the standard. 

C.4 System Specifications 

C.4.1 Anechoic Chambers 

The chambers include non-conducting (for example, plywood) tables capable of supporting an SCBA containing an integrated PASS. The doors 
in the chambers must be large enough for inserting an SCBA. The top of the table must be positioned above the RF absorbing material covering 
the interior walls of the chamber. As an example, for RF PASS systems operating in the 900 MHz and 2.4 GHz unlicensed frequency bands, the 
test chambers must meet the following minimum specifications: 
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The width and depth of the chambers must be large enough to allow insertion, placement and rotation of complete SCBAs. Usable space 
must be a minimum of 24 inches (61 cm) width x 24 inches (61 cm) depth x 10 inches (30.5 cm) height at the height of the table. Usable 
interior width and depth may be smaller at other heights within the chamber.  

The height of the chamber should be maximized to reduce antenna near-field effects, yet low enough to fit within a standard ceiling height 
to reduce costs. Overall usable interior height should be no less than 40 inches (102 cm) between the antenna and table top or 55 inches 
(140 cm) total. Note that 1.0 m = 3 wavelengths at 900 MHz. 

The user-worn device and base station must be RF-isolated from each other. At least 100 dB shielding from 900 MHz to 3 GHz when the 
bulkhead ports specified below are in place. Measured results verifying performance to be provided by manufacturer. 

The chambers must replicate a reflection-free environment. RF attenuation of minimum 25 dB normal incidence, from 900 MHz to 3 GHz, 
provided by RF absorbing material. Measured results verifying performance to be provided by manufacturer.  

Because many repeat measurements must be carried out for the Attenuation Test, the chamber must have a hinged door, not a hatch, with no 
more than two latches that must be operated to open the door, preferably operated with a single handle. Minimum door size approximately 
18 inches (46 cm) x 12 inches (30.5 cm). 

Top access panel to mount antennas with panel size 12 inches (30.5 cm) x 12 inches (30.5 cm). 

Non-conducting table top minimum approximately 12 inches (30.5 cm) square, approximately 15 inches (38 cm) high. 

Must be able to mount at least 2 type N precision or SMA bulkhead ports. 

Access panel for antenna mounting located at top of structure. 

Because the chambers must be positioned near to each other, they should have roll-around capability with wheels or casters. 

C.4.2 Antennas 

It is recommended that circularly polarized patch antennas be used to minimize the dependence of the test on the orientation within the chamber 
of the use-worn RF PASS and base station. Patch antennas provide good field uniformity, making test less sensitive to device placement. As well, 
they are relatively inexpensive. Four antennas are required for the path loss calibration step; two are used during test. Cables that are connected to 
the antennas should be as short as possible to minimize error during the calibration step, when, unless a three-antenna calibration is used, the 
manufacturer’s reported antenna gain is used. 

C.4.3 Cables 

Cables should be high-quality shielded coaxial cables with type N or SMA connectors. At NIST, short (12‖) cables are permanently left in place 
at the top of each chamber to make changing antennas easier. These are accounted for in the path loss measurement. Torque wrenches should be 
used to tighten connectors. 

C.4.4 Test Equipment 

A three-axis field probe with high-impedance cable is used to characterize the field uniformity of the chamber/antenna combination. A vector 
network analyzer is used to calibrate the path loss. A signal source and spectrum analyzer could be used as well. A variable attenuator (or 
combination of fixed and variable) is used to set the path loss. 

C.5 Characterizing the Test Chamber Field Uniformity  

Before the RF-PASS system components are tested for their ability to operate under the specified path loss conditions, the test environment itself 
must be characterized. The antennas at the top of the chambers are selected to illuminate the table as uniformly as possible. However, 
nonidealities such as antenna near-field effects, reflections off of the walls due to imperfect absorber, antenna pattern, polarization, and 
beamwidth will cause deviations from uniform illumination. This will, in turn, affect the uniformity of the field on the table where the device 
under test is placed. Note that this characterization step must be completed for each antenna set up used in the Single-Hop RF Attenuation Test. 
That is, field uniformity must be tested for each frequency band with the antenna to be used at that frequency. 

C.5.1 Procedure: Electric Field Uniformity  

The basic procedure for measuring electric field uniformity is to use an electric field probe to determine the contribution of the three orthogonal 
components of the electric field near the surface of the table, that is, where the device under test will be placed. The electric field probe should be 
small relative to the wavelength of operation so that the fields inside chamber are not modified by it, and it should be connected through the wall 
of the chamber by a high-impedance cable to minimize coupling of fields on the cable to the fields in the chamber. Many such probes are 
commercially available. 

The steps listed below include an example of field uniformity measured at 915 MHz because some commercially available RF PASS systems 
currently operate in the 902 to 928 MHz frequency band.  

(1)  Setup the anechoic chamber and electric field probe as shown in  
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  ***Insert Figure C1 below. The antennas used should be those that will be used in the attenuation test. Note that connections into the 
chamber should be made though bulkhead-type connectors if possible. Any penetrations not using bulkhead connectors should be 
sealed with metal tape to preserve the shielding integrity provided by the metal shell of the chamber. 

(2)  Set the signal generator to the center frequency in the frequency band of interest. The power level setting must provide sufficient 
electric field strength at the measurement area to provide a reading on the field probes, and may require the inclusion of an external 
power amplifier.  In the example shown, the signal generator is connected to a linear broadband RF amplifier.  

(3)  Connect the field probe to the external voltmeters through the bulkhead. In the case shown, the field probe is connected to three 
individual digital multimeters that display the x, y, and z components of the electric field.  

(4)  Sequentially measure the three electric field components at the 13 points shown in Error! Reference source not found.Error! 
Reference source not found..  

(5)  Plot the contour lines of equal power levels, determined from the measured electric field results,E,x,y, and z Note that E is directly 
proportional to the measured voltage for the measurements here because we assume the distance between the antenna and all test 
points is constant. These power levels are relative to the minimum total power measured at one of the 13 points. The minimum total 
power is determined by calculating the total power at each of the measurement points, and then selecting the minimum value of those 
calculations. The equation is as follows: 

  
                       

  
 

              
  

  (C1) 

Where =1,2,3...13  , (the measured points), k = x, y, z, or “total”  , and  

      
      

       
  

 
    

  
  

 . Note that the conversion to absolute power from electric field values is; P = aE2  a is a constant 
that cancels in the calculation of the relative power. 

In general, any mathematical software with a contour plotting capability may be used to generate the contour plots showing the lines 
of equal power. Some contour plotting packages may require additional points beyond the measured values within the defined grid.  
The contour plots generated here are based a 5 × 5 grid that contains 25 points, and since only 13 measured data points are available, 
the remaining points are interpolated by averaging the nearest measured values. For a perimeter location, three measured values are 
averaged, while for an interior location, four measured values are averaged. For example, in Figure C3, on the top, outside edge of the 
square an interpolated value is added by averaging the measured values from the top left corner, the middle of the top edge, and the 
middle of the top left quadrant.  An interpolated interior point between the right and left upper quadrants is calculated by averaging the 
measured values from the middle of the top edge, the center, and the middle of the top left and right quadrants. Note that measuring all 
25 points instead of interpolating between measured values is an option as well.  

Error! Reference source not found.Error! Reference source not found. shows example results for one of the anechoic chambers 
tested in the NIST laboratory, where the total relative power is shown in Error! Reference source not found.Error! Reference 
source not found.(a). Note that in this case, the vertical component (Error! Reference source not found.Error! Reference source 
not found.(b)), is negligible compared to the two horizontal contributions (indicated by the negative dB values), and the y and z 
components (Error! Reference source not found.Error! Reference source not found.(c) and (d)) are within approximately 2 dB of 
each other over the center portion of the table.  The total horizontal contribution of the electric field creates the circular nature of the 
contour curves in Error! Reference source not found.Error! Reference source not found.(a). 

(6)  From the uniformity measurement results, the useable portion of the table for testing purposes is considered the center 30 cm 
(approximately one foot). It is anticipated that the devices under test will be placed within that portion of the table. This area includes 
approximately the contour line of 7 dB in Error! Reference source not found.Error! Reference source not found.(a). Thus, there 
could be up to 2 dB of variation in the received signal strength depending on the placement of the device within the chamber. Thus, 
the attenuation test results should account for this variability by increasing target path loss by, in this example, 4 dB (2 dB for each 
chamber).  

(7)  Repeat this process for all of the anechoic chambers used in the measurements. 

 

 

 

  ***Insert Figure C1. Setup for testing the electric field uniformity using a signal generator and a three axis electric field probe. Here*** 
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***Insert Figure C3. The measurement pattern for checking the electric field uniformity on the table surface. Field measurements are 
made at 13 positions on the surface of the table. Here*** 

 

 

 

***Insert Figure C2. Field uniformity check of an anechoic chamber at 915 MHz with a circularly polarized patch antenna; (a) total 
power,(b)x or vertical polarization, (c) y or one horizontal polarization contribution, and (d) z or the other horizontal component 
contribution. The numbers on the contour lines are decibels calculated relative to the minimum total power measured at the 13 
measurement points (shown by the yellow circles.) here*** 

 

 

 

C.6 Calibration Step to Find Attenuator Setting for Target Path Loss 

As described above, the goal of the Single-Hop RF Attenuation Test is to verify that the RF PASS system is functional when the propagation 
channel includes a specified target path loss between the user-worn device and the base station. To replicate the target path loss in the laboratory 
test, the complete path loss between the two antennas is found, as shown in Figure C5. The losses (or gains) of certain fixed elements in the test-
chamber environment are added together (in decibels). This fixed test chamber loss is augmented by an external, adjustable attenuator (or group 
of attenuators). The external attenuator allows one to incorporate enough attenuation to replicate the target path loss. The correct setting for the 
attenuator is found in a calibration step. The calibration requires the use of two additional antennas having a known gain, and a vector network 
analyzer, as described in the following. 

The two additional antennas are first inserted into the test chambers on the same table tops where the RF PASS components are placed during the 
attenuation test. It is preferred that these antennas be circularly polarized patch antennas, as above, because they provide highly uniform 
illumination of the chamber, and are insensitive to polarization. The gain of these antennas should be known beforehand. The gain may be 
obtained from the manufacturer’s specifications or by use of a more sophisticated technique such as a three-antenna method. As an example, the 
manufacturer-specified gain was 9 dBi for the 900 MHz antennas, and 3 dBi for the 2.4 GHz antennas that we used.  

 

  ***Insert Figure C5: The target path loss consists of the summation (in decibels) of the various fixed elements in the propagation path, 
plus the external attenuator. The external attenuator is adjusted until the target path loss is obtained. Here*** 

 

The calibration antennas (Antennas 1 and 4, as shown in Figure C5) are connected to the VNA through bulkhead adapters in the body of the test 
chambers. The cables connecting the antennas to the bulkhead adapters should be short and, preferably, a block of RF absorber placed over them 
to minimize reradiation and reflections within the chamber. 

The VNA is calibrated using standard techniques to reference planes as near to the bulkhead adapters as possible. S parameters are collected over 
the frequency of operation of the RF PASS system that is being tested. The IF bandwidth should be set to 1 kHz or less, and the number of points 
to around 400.  

As shown in Figure C6, a VNA measurement in this configuration corresponds to the cascade of the elements in the RF propagation path shown 
in Figure C5. To identify the attenuator setting, we first define a variable SP that represents the combination of all of the fixed elements in the 
path loss except the attenuator: 

SPdB ≡ SC1dB + S2dB + SL1dB + SL2dB + S3dB + SC2dB.     (C2) 

Figure C6: Graphical representation of the cascade of S parameters that are measured by the VNA, as shown in Figure C5.  

We can then represent the cascade of all of the elements in terms of SP, the gain of the calibrations antennas, and the attenuator. This cascade is 
first measured with the attenuator set to 0 dB, as shown graphically in Figure C7. This allows us to identify the contribution of SP to the total path 
loss, which in turn allows us to identify the correct attenuator setting to obtain the target path loss. 

Figure C7: Graphical representation of the cascade of S parameters in terms of SP, defined in (1), with the attenuator set to zero. This cascade is 
measured as SVNA,0dB. 

Knowing SVNA,0dB and the gain of the two calibration antennas, we can then find the attenuator value as  

 SAT,dB  = TdB – SPdB  
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  = TdB – SVNA,0dB + S1dB + S2dB ,       (C3) 

where SVNA,0dB , S1dB , and S2dB are known. SAT,dB corresponds to the required path loss introduced by the attenuator, in decibels, given the other 
path loss mechanisms in the propagation path. As an example, suppose the target path loss is 100 dB, the manufacturer-specified gain of the 
calibration antennas is 9 dBi, and the measured value of SVNA,0dB is −30 dB at the frequency of operation. Then,  

SAT,dB  = –100dB – (–30dB) + 9dB + 9dB 

  = – 52dB .        (3) 

The external attenuator should be set to 52 dB in this case. When we include the 4 dB calculated from the field uniformity tests above, the 
external attenuator would be set to 56 dB. 

For the final system set-up, with the attenuator setting determined from SAT,dB in the last step, place the user-worn RF PASS in Chamber 1 and 
the base station in Chamber 2, as shown in Figure C1. If the base station utilizes a portable computer, this should be provided by the manufacturer 
and, unless the antennas are connected to the base station by way of a coaxial cable, the computer should be placed in Chamber 2 as well.  

Establish a wireless link between the base station and user-worn device before closing the chambers’ doors. Testing will be conducted with the 
RF PASS in two orientations: vertical (standing upright on the table) and horizontal (laying flat on the table) so that the directionality of the RF 
PASS antennas is less critical. The base station should be tested with its antenna laying horizontally on the table. This may require placing the 
base station on its back or side. This orientation is designed to maximize the signal level received at the antenna at the top of the chamber, which 
is presumably how the base station will be deployed in the field (oriented for maximum signal level). 

C.7 Remote Distress Alarm Test 

After the system is set up as described above, the Remote Distress Alarm test, Figure C8, is carried out as follows: 

1. Close doors on both chambers and wait for remote distress alarm to sound. 

2. Test: Does base station receive alarm within 30 seconds (y/n)? 

3. Repeat test for second orientation of user-worn RF PASS. 

4. Repeat test three times. 

5. Successful receipt of remote distress alarm within 30 seconds of remote distress alarm sounding for all 12 tests constitutes pass of 
Single-Hop Attenuation Test: Remote Distress Alarm (NFPA 1892 – 8.18). 

 

 

 

 

***Insert Figure C8. Graphical representation of the Remote Distress Alarm Test. Here*** 

C.8 Evacuation Alarm Test 

 

 

 

 

After system is set up as described in previous section, the Evacuation Alarm test, Figure C9,is carried out as follows: 

1. Close door on Chamber 1 containing user-worn RF PASS. 

2. With base station located within Chamber 2, initiate evacuation alarm. 

3. Close door on Chamber 2 containing base station. 

4. Test: Does base station receive alarm within 30 seconds (y/n)? 

5. Repeat test three times. 

6. Repeat test for second orientation of user-worn RF PASS. 
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7. Successful receipt of remote distress alarm within 30 seconds of remote distress alarm sounding for all 12 tests constitutes pass of Single-
Hop Attenuation Test: Evacuation Alarm (NFPA 1892 – 8.18). 

 

 

 

***Insert Figure C9. Graphical representation of the Evacuation Alarm Test. Here*** 

 

 

C.9 Reporting 

The report includes results for all configurations, repeats and tests. It should include the model of the devices that were tested. All quantities shall 
be reported to the nearest decibel. The operator should note the values of (1) Target path loss associated with the test environment. (2) Maximum 
difference in field uniformity within an area covering the center 30 cm x 30 cm of the test chamber, as measured above. (3) Value of measured 
path loss when the external attenuator is set to 0 dB (That is, SVNA,0dB). (4) Value of external attenuators used. (5) Frequency of operation (the 
minimum and maximum operating frequencies utilized). Pass or fail performance shall be determined for each specimen. One or more specimens 
failing this test shall constitute failing performance. 
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Each year an average of 105 fire fighters die in the line of duty. To address this continuing 
national occupational fatality problem, NIOSH conducts independent investigations of fire 
fighter line of duty deaths. These excellent reports are very comprehensive and offer specific 
recommendations to improve firefighter safety. A technical committee task group carefully 
reviewed every line-of-duty death report posted for the past 10 years (the period of December 22, 
1999 through May 22, 2010, exceeding 10 years) and discovered many of the same reoccurring 
problems we continue to see year after year. Fifty-eight Firefighters died in the line of duty 
during the forty-three incidents selected for this proposal. Had RF PASS technology been in 
place during this period many, if not most, of these deaths could have been avoided. The 
inclusion of RF PASS in this proposal is supported by recommendations made by NIOSH 
Investigators: The most redundant recommendations germane to this proposal are as follows: 

 

•  Ensure that fire command always maintains close accountability for all personnel at 
the fire scene  

•  Consider ways to enhance the effectiveness of the personnel accountability system 

•  Ensure personnel accountability reports (PAR) are conducted in an efficient, 
organized manner and results are reported directly to the IC 

•  Use evacuation signals when command personnel decide that all fire fighters should 
be evacuated from a burning building or other hazardous area 
•  Instruct and train fire fighters on initiating emergency traffic (Mayday-Mayday) and 
on the importance of activating their personal alert safety system (PASS) device when 
they become lost, disoriented, or trapped 

In a letter  dated April 14, 2011, from the Fire Fighter Fatality Investigation and Prevention 
Team at CDC/NIOSH/DSR they stated the following “We are in agreement that providing PASS 
devices that offer two-way Mayday and Evacuation signal capabilities would greatly enhance 
fire fighter safety at structure fires and other emergency response events” 
Substantiation for changes to Section 1: The 2007 Edition of NFPA 1982 does not include 
methods to test or verify the performance of RF PASS. In order to include RF PASS as optional 
equipment associated with PASS, it is necessary to include RF PASS in the Scope and Purpose 
of the standard.  

Substantiation for changes to Section 2: Test methods for RF PASS are detailed in Annex C 
“Single-Hop RF Attenuation Test.” The values for attenuation used in the attenuation test were 
derived from the NIST Technical Notes references above. 
Substantiation for changes to Section 3.3: The 2007 Edition of NFPA 1982 does not include 
methods to test the performance of RF PASS. This edition of the standard will include test 
methods for RF PASS as optional equipment associated with PASS. As a result, it is necessary to 
define RF PASS and the equipment associated with it. Because there are additional alarm 
capabilities associated with RF PASS, the definitions of the various alarm types have been 
revised in Section 3.3.1. To clearly differentiate the various types of alarms, the original audible 
alarm signal is now referred to as an audible distress alarm. Additionally, to ensure that all 
alarms are defined within Section 3.3.1, the Pre-Alarm Signal in Section 3.3.15 has been moved 
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to Section 3.3.1.2. 
Substantiation for changes to Section 4.3: These additions describe the configuration and order 
(relative to other tests) in which the Single-Hop RF Attenuation Test for RF PASS, Section 
8.18.5, shall be conducted. It is anticipated that elevated temperature and rough-duty handling 
will be the primary sources of failure of RF PASS. Thus, the Single-Hop RF Attenuation Test is 
conducted after these conditioning tests only. Modifications to Tables 4.3.10(a) and (b) include: 
(1) Attenuation test conducted after tumble test, Specimens 19-21 (for 4.3.10(a)) or 16-18 (for 
4.3.10(b)). This will be 12 measurements.  
(2) Attenuation test conducted after high temperature test, Specimen 13. This will be four 
measurements. 
 
Because the radio-system portion of the RF PASS system is tested by the Single-Hop 
Attenuation Test, the Out-of-Range Alarm Test is conducted only on Specimens 19-21 (for 
4.3.10(a)) or 16-18 (for 4.3.10(b)). This will be 3 measurements. 
 
Substantiation for changes to Section 5.1: These additions describe the labeling that should be 
included on optional RF PASS. Section 5.1.10 allows users to easily see the maximum number 
of user-worn units that may be monitored because exceeding this number could jeopardize the 
safety of firefighters who may inadvertently not be monitored. Section 5.1.11 is required by the 
FCC for any commercially available radio system technology. 
 
Substantiation for adding Section 5.2.4, part (2)(d): This addition describes the danger of 
muting the speaker of a portable laptop when operating an RF PASS system. 
Substantiation for Section 6.1: The 2007 Edition of NFPA 1982 does not include methods to 
test the performance of RF PASS. This edition of the standard will include test methods for RF 
PASS as optional equipment associated with PASS. This section describes the key aspects of 
system design necessary to ensure reliable performance of RF PASS, including the minimum 
design requirements for the base station and user-worn devices. 
Substantiation for Section 6.2: The 2007 Edition of NFPA 1982 does not include methods to 
test the performance of RF PASS. This edition of the standard will include test methods for RF 
PASS as optional equipment associated with PASS. Additions to this section describe the 
additional mode sensing capabilities of RF PASS and how the RF PASS interfaces with the 
motion sensing device on the PASS. To clearly differentiate the different types of modes, the 
original mode designators (1) off, (2) alarm, and (3) sensing have been renamed and reordered to 
(1) off, (2) motion sensing and (3) audible distress alarm. RF PASS allows for two additional 
modes: (4) remote distress alarm and (5) evacuation sensing. These were defined and their 
interactions spelled out. Note that even when an RF PASS is in alarm mode, it continues to 
monitor for an evacuation alarm.  
Substantiation for Section 6.3: The 2007 Edition of NFPA 1982 does not include methods to 
test the performance of RF PASS. This edition of the standard will include test methods for RF 
PASS as optional equipment associated with PASS. Additions to this section describe the 
additional alarm functions of RF PASS, and how the base station interfaces with the RF PASS in 
the various alarm modes. To clearly differentiate the various types of alarms, the original audible 
alarm signal is now referred to as an audible distress alarm. Language specifying signals 
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transmitted within xx seconds +5/-0 should just be within 30 seconds (quicker would be 
allowable and even better) . 
Substantiation for Section 6.4.1: The 2007 Edition of NFPA 1982 does not include methods to 
test the performance of RF PASS. This edition of the standard will include test methods for RF 
PASS as optional equipment associated with PASS. To clearly differentiate the various modes of 
operation, it has been necessary to designate the motion sensing operation as “motion sensing” 
instead of “sensing.” 
Substantiation for Section 6.4.2: The 2007 Edition of NFPA 1982 does not include methods to 
test the performance of RF PASS. This edition of the standard will include test methods for RF 
PASS as optional equipment associated with PASS. To clearly differentiate the various modes of 
operation, it has been necessary to designate the motion sensing operation as “motion sensing” 
instead of “sensing.” To clearly differentiate the various alarm signals, it has been necessary to 
designate the signal at the user-worn PASS device as an “audible distress alarm” instead of an 
“alarm signal.” Language specifying signals transmitted within 10 seconds +3/-0 should just be 
within 10 seconds (quicker would be allowable and even better) . 
Substantiation for Section 6.4.3: The 2007 Edition of NFPA 1982 does not include methods to 
test the performance of RF PASS. This edition of the standard will include test methods for RF 
PASS as optional equipment associated with PASS. Additions to this section describe the alarm 
signals associated with RF PASS. To clearly differentiate the various alarm signals, it has been 
necessary to designate the signal at the user-worn PASS device as an “audible distress alarm” 
instead of an “alarm signal.” Note that even when an RF PASS is in alarm mode, it continues to 
monitor for an evacuation alarm.  
Language specifying signals transmitted within xx seconds, +y/-z seconds should just be within 
xx seconds (quicker would be allowable and even better) 
Substantiation for modifying Section 6.4.3.5: This deleted text describes the performance 
metric sound pressure level, which is given in Section 7.1.2.1. 
Substantiation for Section 6.4.4: The 2007 Edition of NFPA 1982 does not include methods to 
test the performance of RF PASS. This edition of the standard will include test methods for RF 
PASS as optional equipment associated with PASS. To clearly differentiate the various modes of 
operation, it has been necessary to designate the motion sensing operation as “motion sensing” 
instead of “sensing.” To clearly differentiate the various alarm signals, it has been necessary to 
designate the signal at the user-worn PASS device as an “audible distress alarm” instead of an 
“alarm signal.” 
Substantiation for modifying Section 6.4.4.1: The deleted text describes the performance 
metric sound pressure level, which is given in Section 7.1.2.1. 
Substantiation for Section 6.4.5: The 2007 Edition of NFPA 1982 does not include methods to 
test the performance of RF PASS. This edition of the standard will include test methods for RF 
PASS as optional equipment associated with PASS. Updates to this section describe the key 
aspects of RF system design necessary to ensure reliable performance, the additional alarm 
capabilities of RF PASS, and how the RF PASS interfaces with the motion sensing device on the 
PASS. The definition and interval of an “out-of-range alarm” has been added to let users know 
when the RF portion of an RF PASS system is not functional. To clearly differentiate between 
the audible alarm signal emitted by the traditional PASS, and the RF PASS “remote distress 
alarm” and “evacuation alarm,” it has been necessary to change the nomenclature from “alarm 
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signal” to “audible distress alarm” 
Substantiation for changes to Section 7.1:  The 2007 Edition of NFPA 1982 does not include 
methods to test the performance of RF PASS. This edition of the standard will include test 
methods for RF PASS as optional equipment associated with PASS. To clearly differentiate 
between the audible alarm signal emitted by the traditional PASS, and the RF PASS “remote 
distress alarm” and “evacuation alarm,” it has been necessary to change the nomenclature from 
“alarm signal” to “audible distress alarm.” In Section 7.1, the sound pressure level associated 
with the “remote distress alarm” and the “out of range alarm” have been added. A sound pressure 
of 80 dBA is the loudness of a ringing telephone according to the NIOSH web site. Sound levels 
greater than 85 dBA can cause hearing loss. See http://www.cdc.gov/niosh/topics/noise. The 
value of 80 dBA was chosen because the remote distress alarm may be heard within closed 
quarters. The value of 80 dBA was chosen for the out of range alarm so that the user does not 
become tired of hearing the out of range alarm when it is active for a long duration.  
Substantiation for Sections 7.1 to 7.14: The 2007 Edition of NFPA 1982 does not include 
methods to test the performance of RF PASS. This edition of the standard will include test 
methods for RF PASS as optional equipment associated with PASS. To clearly differentiate the 
various modes of operation, it has been necessary to designate the motion sensing operation as 
“motion sensing” instead of “sensing.” To clearly differentiate the various alarm signals, it has 
been necessary to designate the signal at the user-worn PASS device as an “audible distress 
alarm” instead of an “alarm signal.” 
Substantiation for Section 7.15: The 2007 Edition of NFPA 1982 does not include methods to 
test or verify the performance of RF PASS. When RF PASS is included as an option in NFPA 
1802, it will be necessary to include test methods to verify the performance of these systems. 
Extensive NIST research on radiowave penetration into buildings and large structures has 
confirmed that attenuation (path loss) and interference from other radio systems are the key 
potential impairments to successful transmission of alarm signals such as those associated with 
commercially available RF PASS. This research is documented in various NIST Technical 
Notes, as documented in Annex C. Based on this research, attenuation tests and interference tests 
have been deemed the highest priorities in the development of radio-system tests for RF PASS. 
The Single-Hop RF Attenuation Test verifies system performance for a specified path loss. 
Substantiation for Section 7.16: The 2007 Edition of NFPA 1982 does not include methods to 
test or verify the performance of RF PASS. When RF PASS is included as an option in NFPA 
1802, it will be necessary to include test methods to verify the performance of these systems. 
Because it is a necessity that firefighters and those monitoring the RF PASS signals are aware 
when a firefighter will no longer have the RF PASS link available, an out-of-range alarm has 
been designed into RF PASS systems. Section 8.19 specifies how this alarm will be tested 
repeatably in the laboratory. 
Substantiation for additions to Section 8.2: The 2007 Edition of NFPA does not include 
methods to test or verify the performance of RF PASS. Additions to Section 8.2 describe the 
sound pressure level tests for the base station associated with RF PASS. These additions are 
necessary to ensure that those who monitor the RF PASS radio signals are aware of any remote 
distress alarm conditions. To clearly differentiate between the audible alarm signal emitted by 
the traditional PASS, and the RF PASS “remote distress alarm” and “evacuation alarm,” it has 
been necessary to change the nomenclature from “alarm signal” to “audible distress alarm” 
Substantiation for Sections 8.1 to 8.17: The 2007 Edition of NFPA 1982 does not include 

http://www.cdc.gov/niosh/topics/noise
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methods to test the performance of RF PASS. This edition of the standard will include test 
methods for RF PASS as optional equipment associated with PASS. To clearly differentiate the 
various modes of operation, it has been necessary to designate the motion sensing operation as 
“motion sensing” instead of “sensing.” To clearly differentiate the various alarm signals, it has 
been necessary to designate the signal at the user-worn PASS device as an “audible distress 
alarm” instead of an “alarm signal.” 
Substantiation for Section 8.18: The 2007 Edition of NFPA 1982 does not include methods to 
test or verify the performance of RF PASS. When RF PASS is included as an option in NFPA 
1802, it will be necessary to include test methods to verify the performance of these systems. 
Extensive NIST research on radiowave penetration into buildings and large structures has 
confirmed that attenuation (path loss) and interference from other radio systems are key potential 
impairments to successful transmission of alarm signals such as those associated with 
commercially available RF PASS. This research is documented in NIST Technical Notes 1540-
1542, 1546, 1546, 1550, 1552, and 1557, which are referenced in Annex C. Based on this 
research, attenuation tests and interference tests have been deemed the highest priorities in the 
development of radio-system tests for RF PASS. 
The “Single-Hop RF Attenuation Test” verifies the performance of RF PASS systems operating 
under conditions where a significant path loss (or “attenuation”) is encountered, such as inside a 
building or other structure. A combination of two small anechoic chambers, antennas, cables, 
and an adjustable attenuator are used to create a repeatable RF propagation environment where a 
specified level of attenuation can be inserted between a user-worn RF PASS and its base station. 
Successful reception of an alarm signal under this level of attenuation constitutes a pass of the 
test. Two alarms are tested in the Single-Hop RF Attenuation Test. First, the reception of the 
remote distress alarm by the base station is tested when the audible distress alarm on the user-
worn device is activated. Second, reception of the evacuation alarm by the user-worn device is 
tested when it is initiated at the base station. 
This test method is designed to allow free-field testing of a complete RF PASS system, that is, 
testing of the system without the use of conducted measurements or removing the antennas. This 
is important because the antennas on many RF PASS devices are integrated into the user-worn 
SCBA, which can impact the radiation pattern of the antenna. Free-field testing allows the 
system to be characterized with any unusual antenna radiation pattern intact.  
Substantiation for Section 8.19: The 2007 Edition of NFPA 1982 does not include methods to 
test or verify the performance of RF PASS. When RF PASS is included as an option in NFPA 
1802, it will be necessary to include test methods to verify the performance of these systems. 
Because it is a necessity that firefighters and those monitoring the RF PASS signals are aware 
when a firefighter will no longer have the RF PASS link available, an out-of-range alarm has 
been designed into RF PASS systems. Section 8.19 specifies how this alarm will be tested in the 
laboratory. 
Substantiation for Annex A and B: With the inclusion of RF-enabled PASS as an option in this 
Standard a 'great deal of language in Appendix A and B of the 2007 Edition of the Standard is no 
longer relevant. Irrelevant text has been deleted and new explanatory text has been inserted. 

Substantiation for Annex C: The 2007 Edition of NFPA 1982 does not include methods to test 
or verify the performance of RF PASS. When RF PASS is included as an option in NFPA 1802, 
it will be necessary to include test methods to verify the performance of these systems. Extensive 
NIST research on radiowave penetration into buildings and large structures has confirmed that 
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attenuation (path loss) and interference from other radio systems are key potential impairments 
to successful transmission of alarm signals such as those associated with commercially available 
RF PASS. This research is documented in NIST Technical Notes 1540-1542, 1546, 1546, 1550, 
1552, and 1557, which are referenced below. Based on this research, attenuation tests and 
interference tests have been deemed the highest priorities in the development of radio-system 
tests for RF PASS. 
The “Single-Hop RF Attenuation Test” verifies the performance of RF PASS systems operating 
under conditions where a significant path loss (or “attenuation”) is encountered, such as inside a 
building or other structure. A combination of two small anechoic chambers, antennas, cables, 
and an adjustable attenuator are used to create a repeatable RF propagation environment where a 
specified level of attenuation can be inserted between a user-worn RF PASS and its base station. 
Successful reception of an alarm signal under this level of attenuation constitutes a pass of the 
test. Two alarms are tested in the Single-Hop RF Attenuation Test. First, the reception of the 
remote distress alarm by the base station is tested when the audible distress alarm on the user-
worn device is activated. Second, reception of the evacuation alarm by the user-worn device is 
tested when it is initiated at the base station. 

This test method is designed to allow free-field testing of a complete RF PASS system, that is, 
testing of the system without the use of conducted measurements or removing the antennas. This 
is important because the antennas on many RF PASS devices are integrated into the user-worn 
SCBA, which can impact the radiation pattern of the antenna. Free-field testing allows the 
system to be characterized with any unusual antenna radiation pattern intact. 
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Each year an average of 105 fire fighters die in the line of duty. To address this continuing national
occupational fatality problem, NIOSH conducts independent investigations of fire fighter line of duty deaths. These
excellent reports are very comprehensive and offer specific recommendations to improve firefighter safety. A technical
committee task group carefully reviewed every line-of-duty death report posted for the past 10 years (the period of
December 22, 1999 through May 22, 2010, exceeding 10 years) and discovered many of the same reoccurring
problems we continue to see year after year. Fifty-eight Firefighters died in the line of duty during the forty-three
incidents selected for this proposal. Had RF PASS technology been in place during this period many, if not most, of
these deaths could have been avoided. The inclusion of RF PASS in this proposal is supported by recommendations
made by NIOSH Investigators: The most redundant recommendations germane to this proposal are as follows:

•  Ensure that fire command always maintains close accountability for all personnel at the fire scene
•  Consider ways to enhance the effectiveness of the personnel accountability system
•  Ensure personnel accountability reports (PAR) are conducted in an efficient, organized manner and results are
reported directly to the IC
•  Use evacuation signals when command personnel decide that all fire fighters should be evacuated from a burning
building or other hazardous area
•  Instruct and train fire fighters on initiating emergency traffic (Mayday-Mayday) and on the importance of activating their
personal alert safety system

(PASS) device when they become lost, disoriented, or trapped

In a letter  dated April 14, 2011, from the Fire Fighter Fatality Investigation and Prevention Team at CDC/NIOSH/DSR
they stated the following “We are in agreement that providing PASS devices that offer two-way Mayday and Evacuation
signal capabilities would greatly enhance fire fighter safety at structure fires and other emergency response events.”
Substantiation for changes to Section 1: The 2007 Edition of NFPA 1982 does not include methods to test or verify the
performance of RF PASS. In order to include RF PASS as optional equipment associated with PASS, it is necessary to
include RF PASS in the Scope and Purpose of the standard.
Substantiation for changes to Section 2: Test methods for RF PASS are detailed in Annex C “Point-to-Point RF
Attenuation Test.” The values for attenuation used in the attenuation test were derived from the NIST Technical Notes
references above.
Substantiation for changes to Section 3.3: The 2007 Edition of NFPA 1982 does not include methods to test the
performance of RF PASS. This edition of the standard will include test methods for RF PASS as optional equipment
associated with PASS. As a result, it is necessary to define RF PASS and the equipment associated with it. Because
there are additional alarm capabilities associated with RF PASS, the definitions of the various alarm types have been
revised in Section 3.3.1.
Substantiation for addition of Section 3.3.16: The 2007 Edition of NFPA 1982 does not include methods to test the
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performance of RF PASS. This edition of the standard will include test methods for RF PASS as optional equipment
associated with PASS. As a result, it is necessary to define RF PASS and the equipment associated with it. A test
method related to RF interference is developed in Section 8.19, necessitating the definition of RF interference.
Substantiation for changes to Section 4.3: These additions describe the configuration and order (relative to other tests)
in which the Point-to-Point RF Attenuation Test for RF PASS, Section 8.18.5, shall be conducted. It is anticipated that
elevated temperature and rough-duty handling will be the primary sources of failure of RF PASS. Thus, the
Point-to-Point RF Attenuation Test is conducted after these conditioning tests only. Modifications to Tables 4.3.10(a)
and (b) include:
(1) Attenuation test conducted after tumble test, Specimens 19-21 (for 4.3.10(a)) or 16-18 (for 4.3.10(b)). This will be 12
measurements.
(2) Attenuation test conducted after high temperature test, Specimen 13. This will be four measurements.
Because the radio-system portion of the RF PASS system is tested by the Point-to-Point Attenuation Test, the
Loss-of-Signal Alarm Test is conducted only on Specimens 19-21 (for 4.3.10(a)) or 16-18 (for 4.3.10(b)). This will be 3
measurements.
Substantiation for addition of Section 4.3.9.2 and changes to Tables 4.3.10(a) and (b): In the original proposal, the
loss-of-signal test was not specified in the test matrix. This change corrects that omission.
Substantiation for changes to Tables 4.3.10(a) and (b): These additions describe the configuration and order (relative to
other tests) in which the Point-to-Point RF Attenuation Test, RF Interference Test for RF PASS, and Loss-of-Signal Test
(Sections 8.18, 8.19, and 8.20, respectively) shall be conducted. It is anticipated that elevated temperature and
rough-duty handling will be the primary sources of failure of RF PASS. Thus, the Radio System Tests are conducted
after these conditioning tests only. Modifications to Tables 4.3.10(a) and (b) include: (1) Radio System Tests conducted
after tumble test, Specimens 19-21 (for 4.3.10(a)) or 16-18 (for 4.3.10(b)). (2) Radio System Tests conducted after high
temperature test, Specimen 13.
Substantiation for changes to Section 5.1: These additions describe the labeling that should be included on optional RF
PASS. Section 5.1.10 allows users to easily see the maximum number of user-worn units that may be monitored
because exceeding this number could jeopardize the safety of firefighters who may inadvertently not be monitored.
Section 5.1.11 is required by the FCC for any commercially available radio system technology.
Substantiation for adding Section 5.2.4, part (2)(d): This addition describes the danger of muting the speaker of a
portable laptop when operating an RF PASS system.
Substantiation for Section 6.1.8: The 2007 Edition of NFPA 1982 does not include methods to test the performance of
RF PASS. This edition of the standard will include test methods for RF PASS as optional equipment associated with
PASS. This section describes the key aspects of system design necessary to ensure reliable performance of RF PASS,
including the minimum design requirements for the base station and user-worn devices.
Substantiation for Section 6.4: The 2007 Edition of NFPA 1982 does not include methods to test the performance of RF
PASS. This edition of the standard will include test methods for RF PASS as optional equipment associated with PASS.
This section describes the operational design requirements to ensure reliable performance of RF PASS, including the
minimum design requirements for the base station and user-worn devices.
Substantiation for New Section 7.15: The 2007 Edition of NFPA 1982 does not include methods to test or verify the
performance of RF PASS. When RF PASS is included as an option in NFPA 1982, it will be necessary to include test
methods to verify the performance of these systems. Extensive NIST research on radiowave penetration into buildings
and large structures has confirmed that attenuation (path loss) and interference from other radio systems are the key
potential impairments to successful transmission of alarm signals such as those associated with commercially available
RF PASS. This research is documented in various NIST Technical Notes, as documented in Annex C. Based on this
research, attenuation tests and interference tests have been deemed the highest priorities in the development of
radio-system tests for RF PASS. The Point-to-Point RF Attenuation Test verifies system performance for a specified
path loss.
Substantiation for New Section 7.16: The 2007 Edition of NFPA 1982 does not include methods to test or verify the
performance of RF PASS. When RF PASS is included as an option in NFPA 1982, it will be necessary to include test
methods to verify the performance of these systems. Because it is a necessity that firefighters and those monitoring the
RF PASS signals are aware when a firefighter will no longer have the RF PASS link available, an out-of-range alarm has
been designed into RF PASS systems. Section 8.19 specifies how this alarm will be tested repeatably in the laboratory.
Substantiation for New Section 7.17: The 2007 Edition of NFPA 1982 does not include methods to test or verify the
performance of RF PASS. When RF PASS is included as an option in NFPA 1982, it will be necessary to include test
methods to verify the performance of these systems. Extensive NIST research on radiowave penetration into buildings
and large structures has confirmed that attenuation (path loss) and interference from other radio systems are the key
potential impairments to successful transmission of alarm signals such as those associated with commercially available
RF PASS. This research is documented in various NIST Technical Notes, as documented in Annex C. Based on this
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research, attenuation tests and interference tests have been deemed the highest priorities in the development of
radio-system tests for RF PASS. The RF Interference Test verifies system performance when the user-worn device is in
the presence of in-band RF interference from devices operating at power levels similar to that of the user-worn RF
PASS device for a specified path loss. This configuration is tested because the user-worn device typically is restricted to
a lower output power, and so is generally more susceptible to RF interference.
Substantiation for New Section 8.18: The 2007 Edition of NFPA 1982 does not include methods to test or verify the
performance of RF PASS. When RF PASS is included as an option in NFPA 1982, it will be necessary to include test
methods to verify the performance of these systems. Extensive NIST research on radiowave penetration into buildings
and large structures has confirmed that attenuation (path loss) and interference from other radio systems are key
potential impairments to successful transmission of alarm signals such as those associated with commercially available
RF PASS. This research is documented in NIST Technical Notes 1540-1542, 1546, 1546, 1550, 1552, and 1557, which
are referenced in Annex C. Based on this research, attenuation tests and interference tests have been deemed the
highest priorities in the development of radio-system tests for RF PASS.
The “Point-to-Point RF Attenuation Test” verifies the performance of RF PASS systems operating under conditions
where a significant path loss (or “attenuation”) is encountered, such as inside a building or other structure. A
combination of two small anechoic chambers, antennas, cables, and an adjustable attenuator are used to create a
repeatable RF propagation environment where a specified level of attenuation can be inserted between a user-worn RF
PASS and its base station. Successful reception of an alarm signal under this level of attenuation constitutes a pass of
the test. Two alarms are tested in the Point-to-Point RF Attenuation Test. First, the reception of the remote distress
alarm by the base station is tested when the audible distress alarm on the user-worn device is activated. Second,
reception of the evacuation alarm by the user-worn device is tested when it is initiated at the base station.
This test method is designed to allow free-field testing of a complete RF PASS system, that is, testing of the system
without the use of conducted measurements or removing the antennas. This is important because the antennas on
many RF PASS devices are integrated into the user-worn SCBA, which can impact the radiation pattern of the antenna.
Free-field testing allows the system to be characterized with any unusual antenna radiation pattern intact.
Substantiation for New Section 8.19: The 2007 Edition of NFPA 1982 does not include methods to test or verify the
performance of RF PASS. When RF PASS is included as an option in NFPA 1982, it will be necessary to include test
methods to verify the performance of these systems. Because it is a necessity that firefighters and those monitoring the
RF PASS signals are aware when a firefighter will no longer have the RF PASS link available, an out-of-range alarm has
been designed into RF PASS systems. Section 8.19 specifies how this alarm will be tested in the laboratory.
Substantiation for New Section 8.20: The 2007 Edition of NFPA 1982 does not include methods to test or verify the
performance of RF PASS. When RF PASS is included as an option in NFPA 1982, it will be necessary to include test
methods to verify the performance of these systems. Extensive NIST research on radiowave penetration into buildings
and large structures has confirmed that attenuation (path loss) and interference from other radio systems are key
potential impairments to successful transmission of alarm signals such as those associated with commercially available
RF PASS. This research is documented in NIST Technical Notes 1540-1542, 1546, 1546, 1550, 1552, and 1557, which
are referenced in Annex C. Based on this research, attenuation tests and interference tests have been deemed the
highest priorities in the development of radio-system tests for RF PASS.
The “RF Interference Test” verifies the performance of RF PASS systems operating under conditions where a significant
path loss (or “attenuation”) is encountered, such as inside a building or other structure, and in the presence of external
RF interference, such as may be encountered near a wireless personal-area-network (WPAN) or RFID reader used in
buildings. Interference will be tested for devices that operate in the same frequency band as a given RF PASS system
and at approximately the same output power level. A combination of two small anechoic chambers, antennas, cables, a
power combiner, and an adjustable attenuator are used to create a repeatable RF propagation environment where a
specified level of both attenuation and interference can be inserted between a user-worn RF PASS and its base station.
The RF Interference Test verifies system performance when the user-worn device is in the presence of RF interference
for a specified path loss. This configuration is tested to simulate the common condition where a firefighter is inside a
building where an RF source is located.
This test method is designed to allow free-field testing of a complete RF PASS system, that is, testing of the system
without the use of conducted measurements or removing the antennas. This is important because the antennas on
many RF PASS devices are integrated into the user-worn SCBA, which can impact the radiation pattern of the antenna.
Free-field testing allows the system to be characterized with any unusual antenna radiation pattern intact.
Substantiation for Annex A and B: With the inclusion of RF-enabled PASS as an option in this Standard a 'great deal of
language in Appendix A and B of the 2007 Edition of the Standard is no longer relevant. Irrelevant text has been deleted
and new explanatory text has been inserted.
Substantiation for Section B.1: NIST researchers have reported on work to develop RF interference tests for RF PASS.
This research provides the basis for the tests described in Annex D.
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Substantiation for Annex C: The 2007 Edition of NFPA 1982 does not include methods to test or verify the performance
of RF PASS. When RF PASS is included as an option in NFPA 1982, it will be necessary to include test methods to
verify the performance of these systems. Extensive NIST research on radiowave penetration into buildings and large
structures has confirmed that attenuation (path loss) and interference from other radio systems are key potential
impairments to successful transmission of alarm signals such as those associated with commercially available RF
PASS. This research is documented in NIST Technical Notes 1540-1542, 1546, 1546, 1550, 1552, and 1557, which are
referenced below. Based on this research, attenuation tests and interference tests have been deemed the highest
priorities in the development of radio-system tests for RF PASS.
The “Point-to-Point RF Attenuation Test” verifies the performance of RF PASS systems operating under conditions
where a significant path loss (or “attenuation”) is encountered, such as inside a building or other structure. A
combination of two small anechoic chambers, antennas, cables, and an adjustable attenuator are used to create a
repeatable RF propagation environment where a specified level of attenuation can be inserted between a user-worn RF
PASS and its base station. Successful reception of an alarm signal under this level of attenuation constitutes a pass of
the test. Two alarms are tested in the Point-to-Point RF Attenuation Test. First, the reception of the remote distress
alarm by the base station is tested when the audible distress alarm on the user-worn device is activated. Second,
reception of the evacuation alarm by the user-worn device is tested when it is initiated at the base station.
This test method is designed to allow free-field testing of a complete RF PASS system, that is, testing of the system
without the use of conducted measurements or removing the antennas. This is important because the antennas on
many RF PASS devices are integrated into the user-worn SCBA, which can impact the radiation pattern of the antenna.
Free-field testing allows the system to be characterized with any unusual antenna radiation pattern intact.
Substantiation for Annex D:
The 2007 Edition of NFPA 1982 does not include methods to test or verify the performance of RF PASS. When RF
PASS is included as an option in NFPA 1982, it will be necessary to include test methods to verify the performance of
these systems. Extensive NIST research on radiowave penetration into buildings and large structures has confirmed
that attenuation (path loss) and interference from other radio systems are key potential impairments to successful
transmission of alarm signals such as those associated with commercially available RF PASS. This research is
documented in NIST Technical Notes 1540-1542, 1546, 1546, 1550, 1552, and 1557. Based on this research,
attenuation tests and interference tests have been deemed the highest priorities in the development of radio-system
tests for RF PASS.
The “RF Interference Test” verifies the performance of RF PASS systems operating under conditions where a significant
path loss is encountered, such as inside a building or other structure, in the presence of RF interference that might be
found in representative sites. A combination of two small anechoic chambers, antennas, cables, and an adjustable
attenuator are used to create a repeatable RF propagation environment where a specified level of attenuation can be
inserted between a user-worn RF PASS and its base station. A wireless device “development kit” is used to generate a
representative interfering signal, based on the frequency of operation of the RF PASS system. The reception of the
remote distress alarm by the base station is tested when the audible distress alarm on the user-worn device is activated.
Successful reception of an alarm signal under this level of attenuation and interference constitutes a pass of the test.
Interference will be tested for devices that operate in the same frequency band as a given RF PASS system and at
approximately the same output power level.
This test method is designed to allow free-field testing of a complete RF PASS system, that is, testing of the system
without the use of conducted measurements or removing the antennas. This is important because the antennas on
many RF PASS devices are integrated into the user-worn SCBA, which can impact the radiation pattern of the antenna.
Free-field testing allows the system to be characterized with any unusual antenna radiation pattern intact.

Affirmative: 22
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Revise text to read as follows: 
1.1.2*  This standard shall specify the requirements for all new PASS, including but not limited 
to stand-alone PASS, and integrated PASS, and RF PASS. 
Delete asterisk to 1.1.4* 
1.2.1  The purpose of this standard shall be to establish minimum requirements for PASS that are 
intended for use by emergency services personnel during emergency operations and that emit an 
audible signal to summon aid in the event the user becomes incapacitated or needs assistance. 
 1.2.1.1 This standard shall establish minimum requirements for RF PASS that are capable of 
transmitting a distress alarm and receiving an evacuation alarm via an RF signal. 
1.2.1.2 This standard shall establish minimum requirements for the base station used in RF PASS 
for the receipt of a remote distress alarm and the transmission of an evacuation alarm via an RF 
signal. 
Chapter 2 Referenced Publications 
2.3.4 NIST Publications. 
C.L. Holloway, G. Koepke, D. Camell, K.A. Remley, D.F. Williams, S.A. Schima, S. Canales, 
D.T. Tamura, "Propagation and Detection of Radio Signals Before, During, and After the 
Implosion of a 13-Story Apartment Building," Natl. Inst. Stand. Technol. Note 1540, May 2005  
C.L. Holloway, G. Koepke, D. Camell, K.A. Remley, D.F. Williams, S.A. Schima, S. Canales, 
D.T. Tamura, "Propagation and Detection of Radio Signals Before, During, and After the 
Implosion of a Large Sports Stadium (Veterans' Stadium in Philadelphia)," Natl. Inst. Stand. 
Technol. Note 1541, October 2005.  
C.L. Holloway, G. Koepke, D. Camell, K.A. Remley, S.A. Schima, M. McKinley, R.T. Johnk, 
"Propagation and Detection of Radio Signals Before, During, and After the Implosion of a Large 
Convention Center," Natl. Inst. Stand. Technol. Note 1542, June 2006. 
C.L. Holloway, W.F. Young, G. Koepke, K.A. Remley, D. Camell, Y. Becquet, "Attenuation of 
Radio Wave Signals Coupled Into Twelve Large Building Structures," Natl. Inst. Stand. Technol. 
Note 1545, Apr. 2008. 
K.A. Remley, G. Koepke, C.L. Holloway, C. Grosvenor, D. Camell, J. Ladbury, D. Novotny, 
W.F. Young, G. Hough, M.D. McKinley, Y. Becquet, J. Korsnes, ―Measurements to Support 
Broadband Modulated-Signal Radio Transmissions for the Public-Safety Sector,‖ Natl. Inst. 
Stand. Technol. Note 1546, Apr. 2008. 
K.A. Remley, G. Koepke, C. Grosvenor, R.T. Johnk, J. Ladbury, D. Camell, J. Coder, ―NIST 
tests of the wireless environment in automobile manufacturing facilities,‖ Natl. Inst. Stand. 
Technol. Note 1550, Oct. 2008. 
W. F. Young, K. A. Remley, J. Ladbury, C. L. Holloway, C. Grosvenor, G. Koepke, D. Camell, 
S. Floris, W. Numan, and A. Garuti, "Measurements to support public safety communications: 
attenuation and variability of 750 MHz radio wave signals in four large building structures," 
NIST Technical Note 1552, Aug. 2009.  
W.F. Young, K. A. Remley, D. W. Matolak, Q. Zhang, C. L. Holloway, C. Grosvenor, C. 
Gentile, G. Koepke, and Q. Wu "Measurements and models for the wireless channel in a ground-
based urban setting in two public-safety frequency bands," NIST Technical Note 1557, May 
2011. 
K.A. Remley, G. Koepke, C.L. Holloway, C. Grosvenor, D. Camell, J. Ladbury, R.T. Johnk, and 
W.F. Young, ―Radio wave propagation Into large building structures; Part 2, characterization of 
multipath,‖ IEEE Trans. Ant. Propagat., vol. 58, no. 4, Apr. 2010, pp. 1290-1301. 
2.3.4 5 Other Publications.  
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3.3.1.3 Remote Distress Alarm. For RF PASS, a distress alarm triggered by any activation of 
PASS alarm signal, transmitted to a base station via an RF signal. When received, the remote 
distress alarm triggers an audible alarm signal at the base station. 
3.3.1.4 Evacuation Alarm. An alarm initiated by a base station, transmitted to an RF PASS via an 
RF signal. The evacuation alarm warns emergency services personnel to evacuate the premises.  
3.3.1.5 Loss-of-Signal Alarm. An audible or visual signal that is initiated automatically when the 
RF communication between a base station and user-worn RF PASS is lost. The loss-of-signal 
alarm warns emergency services personnel that their RF PASS is no longer in radio 
communication with the base station. 
3.3.14 Personal Alert Safety Systems (PASS). A device that continually senses for lack of 
movement of the wearer to and automatically activates the alarm signal, indicating the wearer is 
in need of assistance. The device can also be manually activated to trigger the alarm signal.  
3.3.14.3 RF PASS. A PASS that contains an optional RF transceiver that enables the PASS to 
automatically transmit remote distress alarm and receive evacuation alarms via RF signals. The 
RF PASS responds to an evacuation alarm with an audible and visual signal. 
3.3.14.3.1 Base Station. An RF transceiver used in conjunction with an RF PASS that monitors 
for a remote distress alarm and emits an audible and visual signal when this alarm is received. 
The base station is capable of sending an evacuation alarm to the RF PASS. 
3.3.15 RF Transceiver. A radio system capable of both transmitting and receiving a modulated 
radio-frequency (RF) signal that is then converted to an audio and/or data signal. The RF 
transceiver is used to transmit and receive signals such as the remote distress alarm and the 
evacuation alarm for RF PASS. 
3.3.16 RF Interference. An unwanted radio-frequency signal that is present in the vicinity of an 
RF PASS system that may impede reception of a remote distress alarm or evacuation alarm. 
4.3.9.1 The Point-to-Point RF Attenuation Test and RF Interference Test shall be performed with 
the RF PASS and the base station connected together as described in Section 8.18 and Section 
8.19, respectively. 
4.3.9.2 The Loss-of-Signal Alarm Test shall be performed with the RF PASS and the base station 
set up as described in Section 8.20. 
 
 
 

Table 4.3.10(a)  Test Matrix for Stand-Alone PASS and Removable Integrated PASS 
Test  

Order 
Specimens  

1–3 
Specimens  

4–6 
Specimens  

7–9 
Specimens  

10–12 
Specimens  

13–15 
Specimens  

16–18 
Specimens  

19–21 
1 Sound 

pressure 
(Section 

8.2), 
specimens 

1–3 

Shock 
sensitivity 
(Section 

8.7), 
specimens 

4–6 

Electronic 
temperature 

stress — 
elevated 
(8.3.5), 

specimens 
7–9 

Water 
drainage 
(Section 
8.11), 

specimens 
10–12 

Case 
integrity 
(Section 

8.6), 
specimens 

13–15 

Vibration 
test 

(Section 
8.9), 

specimens 
16–18 

Tumble 
vibration 
(Section 
8.16), 

specimens 
19–21 
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2 Alarm signal 
muffle 

(Section 
8.17), 

specimens 
1–3 

Impact 
acceleration 
— ambient 

(Section 
8.8), 

specimen 4 

Electronic 
temperature 
stress — low 

(8.3.6), 
specimens 

7–9 

Corrosion 
(Section 

8.4), 
specimens 

10–12 

Retention 
system 

(Section 
8.10), 

specimens 
13–15 

 Radio 
System Tests 

(Sections 
8.18 – 8.20), 
specimens 

19-21 
3 Signal 

frequencies 
(Section 
8.14), 

specimens 
1–3 

Impact 
acceleration 

— cold 
(Section 

8.8), 
specimen 5 

Electronic 
temperature 

stress — 
shock 

(8.3.7), 
specimens 

7–9 

Product 
label 

durability 
(Section 
8.15), 

specimens 
10–12 

High 
temperature 
functionality 

(Section 
8.12), 

specimens 
13–15 

  

4 Heat/flame 
Test 1 

(8.13.5.9), 
specimen 1 

Impact 
acceleration 
— elevated 

(Section 
8.8), 

specimen 6 

Product label 
durability 
(Section 
8.15), 

specimens 
7–9 

 Radio 
System 
Tests  

(Sections 
8.18 – 8.20), 
specimen 13 

  

5 Heat/flame 
Test 1 

(8.13.5.10), 
specimen 1 

 Heat and 
immersion 

leakage 
(Section 

8.5), 
specimens 

7–9 

     

6 Heat/flame 
Test 1 

(8.13.5.11), 
specimen 1 

 Product label 
durability 
(Section 
8.15), 

specimens 
7–9 

    

        
 
 

 
 
 

Table 4.3.10(b)  Test Matrix for Nonremovable Integrated PASS 
Test  

Order 
Specimens  

1–3 
Specimens  

4–6 
Specimens  

7–9 
Specimens  

10–12 
Specimens  

13–15 
Specimens  

16–18 
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1 Sound 
pressure 

(Section 8.2), 
specimens 1–3 

Shock 
sensitivity 

(Section 8.7), 
specimens 4–6 

Electronic 
temperature 

stress — 
elevated 
(8.3.5), 

specimens 7–9 

Water 
drainage 

(Section 8.11), 
specimens 10–

12 

Case integrity 
(Section 8.6), 
specimens 13–

15 

Tumble 
vibration 

(Section 8.16), 
specimens 16–

18 
 

2 Alarm signal 
muffle 

(Section 8.17), 
specimens 1–3 

Vibration test 
(Section 8.9), 
specimens 4–6 

Electronic 
temperature 
stress — low 

(8.3.6), 
specimens 7–9 

Corrosion 
(Section 8.4), 
specimens 10–

12 

High 
temperature 
functionality 

(Section 8.12), 
specimens 13–

15 

Radio System 
Tests (Sections 
8.18 – 8.20), 

specimens 16-
18 

3 Signal 
frequencies 

(Section 8.14), 
specimens 1–3 

 Electronic 
temperature 

stress — shock 
(8.3.7, 

specimens 7–9 

Product label 
durability 

(Section 8.15), 
specimens 10–

12 

Radio System 
Tests (8.18 – 

8.20), 
specimen 13 

 

4 Heat/flame 
test 1 

(8.13.5.9), 
specimen 1 

 Product label 
durability 

(Section 8.15), 
specimens 7–9 

   

5 Heat/flame 
test 1 

(8.13.5.10), 
specimen 1 

 Heat and 
immersion 

leakage 
(Section 8.5), 
specimens 7–9 

   

6 Heat/flame 
test 1 

(8.13.5.11), 
specimen 1 

 Product label 
durability 

(Section 8.15), 
specimens 7–9 

   

       
 
 

5.1.10 The base station component of an RF PASS system shall identify the maximum number 
of RF PASS remote distress alarms that the base station can process. This number shall be 
clearly printed on the product label. 
5.1.11 The base station and RF PASS units shall contain the appropriate product label specified 
by FCC guidelines, if any, for the radio system technology used. 
5.2 User Information. 
5.2.4  The PASS manufacturer shall provide at least the following instructions and information 
with each PASS:   
(1)  Pre-use information as follows:   

(a)  Safety considerations 
(b)  Limitations of PASS 
(c)  Marking recommendations and restrictions 
(d)  Warranty information 
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(2)  Preparation for use as follows:   
(a)  Preferred mounting position and orientation for optimal performance 
(b)  Training instructions 
(c)  Recommended storage practices 
(d)  For RF PASS systems that utilize a portable computer as part of the base station, the 

danger of muting the computer’s speaker, in which case the base station operator would not 
receive the alarm signal or loss-of-signal alarm from the user-worn RF PASS. 
6.1.2.5 Where the PASS device is equipped with an RF PASS, in addition to emitting an alarm 
signal, it shall also transmit and receive other alarm signals through the use of a modulated radio-
frequency carrier. The RF PASS system shall consist of a wireless RF transceiver contained 
within or linked to the user-worn RF PASS and a base station RF transceiver that may be self-
contained or designed to operate in conjunction with a portable computer. The base station unit 
shall be capable of battery operation for up to one hour under alarm conditions. The use of 
repeaters is not precluded. 
6.1.2.5.1 The base station shall be designed to emit an audible and visual signal when the alarm 
signal described in 6.4.3 is activated by the user-worn RF PASS unit, when the evacuation alarm 
is initiated, and/or when the loss-of-signal alarm is triggered.  
6.1.2.5.2 Both the user-worn RF PASS unit and base station must comply with FCC regulations 
for radio-frequency transmissions for the transmission format chosen by the manufacturer. 
6.1.2.5.3 Antennas and/or other peripheral electronic components designed for use with RF 
PASS shall not interfere with or impede firefighting operations.  
6.1.2.5.4 Software used in conjunction with RF PASS and base stations shall be updated as 
necessary within six months by the manufacturer for newly released versions of the computer 
operating system for which the software was designed. 
6.1.3.3 Data logging may be carried out via RF signals transmitted by an RF PASS and received 
by the base station. 
6.2.1.1 The software/firmware that controls the RF PASS shall allow for a test mode of operation 
in which the alarm signal and remote distress alarm are disabled for the duration of the 
evacuation alarm test portion of the Point-to-Point Attenuation Test described in Section 8.18. 
The test mode of operation shall not be available in normal operation of the PASS system. 
6.2.2* The mode selection device(s) shall be designed to provide automatic activation from the 
off mode to the motion sensing/evacuation sensing mode without the user setting the mode 
selection device.  
6.2.2.2  Such automatic activation shall be designed so that when PASS is automatically 
activated it shall be able to be manually switched from the motion sensing mode to the alarm 
signal mode/remote distress alarm mode, with the mode selection device but shall not be able to 
be switched to remain in the off mode until the automatic activation means is also intentionally 
deactivated. 
6.2.2.3 Base station units for RF PASS shall indicate on a visual display the presence of all RF 
PASS units that are in motion sensing/evacuation sensing mode. 
6.2.5  All mode selection devices shall be capable of being switched to the audible/remote 
distress alarm or motion sensing mode by a single gloved hand. The fingers of gloves utilized for 
this function test shall have a thickness of 2.5 mm to 4 mm (3/32 in. to 5/32 in.). 
6.2.6  Only one action shall be required to switch the mode selection device(s) from any mode to 
audible/remote distress alarm. 
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6.2.7  When PASS is sounding the audible/remote distress alarm, it shall require at least two 
separate and distinct manual actions to silence the audible/remote distress alarm. 
6.2.7.1  Any action to silence the audible/remote distress alarm and the actual silencing of the 
audible/remote distress alarm shall not permit PASS to remain in the off mode. 
6.2.7.2  The silencing of the audible/remote distress alarm shall automatically reset PASS to the 
motion sensing mode. 
6.2.7.3 Base station units for RF PASS shall sound an audible alarm and indicate on a visual 
display the presence of all RF PASS units that are in remote distress alarm mode. 
6.2.8  PASS shall be provided with a light source capable of providing a visual indication of 
mode status as well as an audible source capable of providing an aural indication of a change in 
the mode selection when switching from off to motion/evacuation sensing, off to audible/remote 
distress alarm, and audible/remote distress alarm to motion/evacuation sensing. 
6.2.8.1 Base station units for RF PASS shall utilize a different visual display to indicate motion 
sensing, remote distress alarm, and evacuation alarm modes.  
6.3 Motion/Evacuation Sensing Design Requirements for PASS 
6.3.1  PASS shall incorporate motion sensing that shall detect motion and lack of motion of the 
person on whom the PASS is deployed and cause the activation of the sequence that leads to the 
sounding of the alarm signal when lack of motion is detected for the specified time. 
6.3.2  PASS shall sound the alarm signal specified in 6.4.3 when the PASS does not sense 
movement for 30 seconds, +5/-0 seconds 
6.3.2.1 The base station associated with RF PASS shall receive the remote distress alarm within 
30 seconds of its transmission by the RF PASS unless RF communication has been lost. 
6.3.2.2 Base station units for RF PASS shall sound the audible alarm and indicate the visual 
display specified in 6.4.3.1 for all RF PASS units that are in remote distress alarm mode. 
6.3.3  The alarm signal shall be preceded by a pre-alarm signal as specified in 6.4.2 that shall 
sound 10 seconds, +3/-0 seconds before the sounding of the alarm signal. 
6.3.5  PASS shall be designed so that any failure of the motion sensing function shall cause the 
PASS to sound the alarm signal as specified in 6.4.3 within 30 seconds, +5/-0 seconds of such 
failure. The PASS manufacturer shall submit a failure modes and effects analysis (FMEA) to the 
certification organization for verification of this requirement. 
6.3.7 For RF PASS the evacuation alarm shall be received within 30 seconds +5/-0 of its 
transmission by the base station unless RF communication has been lost. 
6.4.1.1  PASS shall emit an audible operational signal within 1 second of completing the 
required action to set PASS to the motion sensing mode, indicating to the user that the device is 
functioning properly. 
6.4.1.2  When PASS is in the off mode and the power source is at or below the level specified in 
6.4.4.1, the operational signal shall not sound when PASS is switched to the motion sensing 
mode. 
6.4.2 Pre-Alarm Signal. 
6.4.2.1  The PASS shall have at least an audible primary pre-alarm signal. The primary pre-alarm 
signal shall be a distinct and different sound from the alarm signal  
6.4.2.4  PASS shall sound the pre-alarm signal(s) 10 seconds, +3/-0 seconds prior to the 
sounding of the alarm signal. 
6.4.2.6  PASS shall be designed to have at least a motion-induced cancellation of functioning of 
the pre-alarm signal(s) prior to the sounding of the alarm signal  
6.4.2.8  PASS shall reset to the motion sensing mode upon cancellation of the pre-alarm signal. 
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6.4.3 Alarm Signals. 
6.4.3.1  PASS shall sound the alarm signal when switched to the alarm signal mode. 
6.4.3.2  While in the motion sensing mode, PASS shall sound the alarm signal when activated by 
the motion sensing component when motion is not detected for 30 seconds, +5/-0 seconds.  
6.4.3.2.1  For RF PASS, while in the motion/evacuation sensing mode, when the alarm signal is 
activated, the remote distress alarm shall be transmitted within 3 seconds. 
6.4.3.2.2 For RF PASS, while in the motion/evacuation sensing or audible/remote alarm modes, 
PASS shall sound an audible evacuation alarm within 30 seconds of the evacuation alarm being 
sent by the base station. 
6.4.3.3  When activated by the motion sensor, the alarm signal shall be preceded by the pre-
alarm signal, which shall sound 10 seconds, +3/-0 seconds before the sounding and transmission 
of the audible alarm signal. 
6.4.3.4  During the alarm signal sounding, all other audible PASS signals shall be rendered 
inactive. 
6.4.3.4.1  For RF PASS, during the alarm signal sounding, all other audible PASS signals shall 
be rendered inactive, with the exception of the evacuation alarm.  
6.4.3.5  The alarm signal shall have a duration of at least 1 hour at a sound pressure level of not 
less than 95 dBA  at the user-worn PASS.  
6.4.3.5.1 For RF PASS, the remote distress alarm shall have a duration of at least 1 hour at the 
base station. 
6.4.3.6  The alarm signal shall be audible at the user-worn PASS in a variable or noncontinuous 
tone. 
6.4.3.6.1 For RF PASS, the remote distress alarm shall be audible at the base station. 
6.4.3.7  The alarm signal, once activated, shall not be deactivated by the motion detector. 
6.4.3.8  Any action to silence the alarm signal and the actual silencing of the alarm signal shall 
not permit the PASS to remain in the off mode. 
6.4.3.9  The silencing of the alarm signal shall automatically reset the PASS to the motion 
sensing mode. 
6.4.5 Loss-of-Signal Alarm (RF PASS). 
6.4.5.1 For RF PASS, when loss of RF communication is detected, the base station shall emit a 
recurrent audible or visual loss-of-signal alarm to the base-station operator, and the user-worn 
RF PASS unit shall emit a recurrent audible or visual loss-of-signal alarm to the user within 60 
seconds of loss of communication. Loss of communication may be due to, for example, the 
portable unit being out of range or the presence of an RF interferer. 
6.4.5.2 The loss-of-signal alarm shall consist of an audible or visual alarm, distinct from the 
audible distress alarm, the remote distress alarm, and the evacuation signal.  
6.4.5.3 The base station and the user-worn RF PASS shall monitor for loss of RF communication 
periodically when the RF PASS is in sensing mode at a period not to exceed 60 seconds. 
6.4.5.4 The loss-of-signal alarm shall have an interval not to exceed 60 seconds. 
7.15 Radio System Tests – Point-to-Point RF Attenuation Test. RF PASS shall be tested for 
reliable wireless transmission and reception of alarm signals under a fixed amount of path loss 
(attenuation) as specified in Section 8.18, Radio System Tests for RF PASS – Point-to-Point RF 
Attenuation Test.  
7.15.1 The base station shall automatically emit an audible alarm in response to a remote distress 
alarm received from the user-worn RF PASS within 30 seconds of alarm activation under the 
radio channel conditions specified in Section 8.18. The user-worn RF PASS shall automatically 



8 
NFPA 1982 Log #CP3 Rec F2012 ROP 

 

emit an audible alarm within 30 seconds of evacuation alarm transmission by the base station 
under the radio channel conditions specified in Section 8.18. 
7.15.2 The RF PASS shall be tested in conjunction with the model of base station with which it 
is intended to be deployed. If a portable computer is utilized in the base station, radio system 
tests shall be conducted using the manufacturer’s supplied portable computer. The portable 
computer, if used, shall be placed into the test chamber with the base station. 
7.15.2.1 The base station, base station computer, and any other electronic equipment associated 
with the RF PASS system shall operate on battery power for the duration of the RF System 
Tests. 
7.15.3 The Point-to-Point RF Attenuation Test shall be conducted to determine whether the user-
worn RF PASS will operate in an RF propagation channel having a specified level of path loss, 
as specified in Table 7.15.3. This level of attenuation shall be chosen to replicate that expected in 
certain firefighting conditions. (See Annex C).  
 
Table 7.15.3 Classification of Low, Medium, and High attenuation based on NIST 
studies. 
Classification Attenuation (dB) Typical structures Current PASS 

Low Less than 100 

Houses, small 
buildings with 
exterior-facing 
rooms 

Single unit 

Medium 100 to 150 

Moderate-sized and 
tall structures with 
some interior 
rooms 

With repeater 

High Over 150 

Very large 
structures and 
those with 
subterranean floors 

Multiple repeaters 

 
 
7.15.3.1 The Point-to-Point RF Attenuation Test shall be conducted in two configurations (1) 
with the base station acting as the receiver and the user-worn RF PASS transmitting a remote 
distress alarm; (2) with the RF PASS acting as a receiver and the base station transmitting an 
evacuation alarm.  
7.15.3.2 For both configurations, the total attenuation (including cables, connectors, free-space 
path loss, antenna loss, and external added attenuation) between the base station and the user-
worn RF PASS shall correspond 100 dB +/− 3dB, which is representative of path loss associated 
with houses and small buildings with exterior-facing rooms at frequencies of approximately 1 
GHz. (See Annex C). The total attenuation shall be calculated using the methods described in 
Section 8.18.5.2. 
7.15.3.3* The Point-to-Point RF Attenuation Test shall be conducted with no added radio 
interference.  
7.16 Radio System Tests – Loss-of-signal Alarm Test. 
RF PASS shall be tested for initiation of audible or visual alarm signals when RF communication 
is lost as specified in Section 8.19, Radio System Tests for RF PASS – Loss-of-signal Alarm 
Test.  
7.16.1 The base station shall automatically initiate the loss-of-signal alarm in response to loss of 
RF communication with the user-worn RF PASS within 60 seconds under the radio channel 



9 
NFPA 1982 Log #CP3 Rec F2012 ROP 

 

conditions specified in Section 8.19. The user-worn RF PASS shall automatically initiate the 
loss-of-signal alarm within 60 seconds of loss of RF communication with the base station under 
the radio channel conditions specified in Section 8.19. 
7.16.2 The RF PASS shall be tested in conjunction with the model of base station with which it 
is intended to be deployed. If a portable computer is utilized in the base station, radio system 
tests shall be conducted using the manufacturer’s supplied portable computer. The portable 
computer, if used, shall be placed into the test chamber with the base station. 
7.17 Radio System Tests –RF Interference Test. RF PASS shall be tested for wireless 
transmission and reception of alarm signals under a fixed amount of external in-band RF 
interference as specified in Section 8.20, Radio System Tests for RF PASS–RF Interference Test.  
7.17.1 The base station shall automatically emit an audible alarm in response to a remote distress 
alarm received from the user-worn RF PASS within 30 seconds of alarm activation under the 
radio channel conditions specified in Section 8.20.  
7.17.2 The user-worn RF PASS shall automatically emit an audible alarm within 30 seconds of 
evacuation alarm transmission by the base station under the radio channel conditions specified in 
Section 8.20. 
7.17.3 The RF Interference Test shall be conducted to determine whether the user-worn RF 
PASS will operate in an RF propagation channel having a specified level of external RF 
interference as specified in Table 8.20. This level of interference shall be chosen to replicate that 
expected in certain firefighting conditions. (See Annex D). 
7.17.3.1 The RF Interference Test shall be conducted in with the base station acting as the 
receiver and the user-worn RF PASS transmitting a remote distress alarm in the presence of RF 
interference. This configuration is chosen because the user-worn device typically is restricted to 
a lower output power, and so is generally more susceptible to RF interference.  
7.17.3.2 The two test chambers shall be configured as shown in Figure 8.18.4.1. The total 
attenuation (including cables, connectors, free-space path loss, antenna loss, and external added 
attenuation) between the base station and the user-worn RF PASS shall correspond 100 dB +/− 
3dB, which is representative of path loss associated with houses and small buildings with 
exterior-facing rooms at frequencies of approximately 1 GHz, as specified in Table 8.18.4. The 
total attenuation shall be calculated using the methods described in 8.18.5. 
7.17.3.3 The RF interference Test shall be conducted by introducing a radio-frequency 
interfering signal into the test chamber in which the user-worn device is located. The RF 
interference shall be coupled from the interference source, through a coaxial cable to a two-input 
power combiner having a minimum of 20 dB isolation between input ports. The other input port 
of the power combiner shall be connected to the coaxial cable that connects the base station test 
chamber to the user-worn device test chamber, as described in 7.16.3.2 above. The signal level 
and type of interfering signal shall be as specified in Table 8.20.  
8.18 Radio System Tests for RF PASS – Point-to-Point RF Attenuation Test 
8.18.1 Application. This test method shall apply to all RF PASS systems. 
8.18.2 Samples.  
8.18.2.1 Samples shall be complete RF PASS systems. 
8.18.2.2 Samples shall be conditioned as specified in 8.1.2. 
8.18.3 Specimens 
8.18.3.1 Specimens for testing shall be complete RF PASS consisting of a user-worn RF PASS 
and the base station designed for use with it, provided by the manufacturer. 
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8.18.3.2 A single RF PASS and a single base station are used in each test. Three different sets of 
units (portable + base station) shall be tested.  
8.18.4 Test Apparatus (Kate to provide revised text for 8.18.4) 
8.18.4.1 The Point-to-Point RF Attenuation test is conducted with the apparatus described in 
Annex C ―Point-to-Point RF Attenuation Test for RF PASS.‖ A block diagram of the test 
apparatus is shown in Figure 8.18.4.1. 
 
 
 
 
 
***Insert Figure 8.18.4.1 "Apparatus used for Point-to-Point RF Attenuation Test. Two 
anechoic chambers provide shielding between the RF PASS and the base station. The 
chambers are linked by a known amount of attenuation, representing a specified path 
loss"*** 
 
 
 
 
 
 
8.18.4.2 The field uniformity of the test chambers shall be tested once for each frequency of 
operation and set of antennas used in the test chambers. 
8.18.5 Procedure 
8.18.5.1 The Point-to-Point RF Attenuation Test shall be conducted according to the 
methodology described in Annex C ―Point-to-Point RF Attenuation Test for RF PASS.‖ 
8.18.5.2 The target path loss specified in 7.15.3.2 shall be set up in the test chambers before the 
attenuation is measured. A different set up shall be completed for each frequency of operation 
and set of antennas used in the test chambers. 
8.18.5.3 The RF PASS system shall be tested with the user-worn RF PASS placed in two 
orientations and the base station placed in one orientation for each of the remote distress alarm 
and evacuation alarm tests. This is a total of four measurements for each Point-to-Point RF 
Attenuation Test. 
8.18.5.4 Repeatability. Repeatability shall be established by measurement of the four separate 
devices specified in Table 4.3.10(a) (Specimens 13, 19-21) or Table 4.3.10(b) (Specimens 13, 
16-18).  
8.18.6 Report. 
8.18.6.1 All quantities shall be reported to the nearest decibel. 
8.18.6.2 The operator shall note the results of the all tests specified in 8.18.5, including the 
values of (1) Target path loss associated with the test environment. (2) Maximum difference in 
field uniformity within an area covering the center 30 cm x 30 cm of the test chamber, as 
measured in Annex (3) Value of measured path loss when the external attenuator is set to 0 dB 
(Called SVNA,0dB in Annex C) (Kate to provide revised text with Table insertion points).. (4) 
Value of external attenuators used. (5) Frequency of operation (the minimum and maximum 
operating frequencies utilized). 
8.18.7 Interpretation. 
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8.18.7.1 Pass or fail performance shall be determined for each specimen. 
8.18.7.2 One or more specimens failing this test shall constitute failing performance. 
Section 8.19 Radio System Tests for RF PASS – Loss-of-signal Alarm Test 
8.19.1 Application. This test method shall apply to all RF PASS systems. 
8.19.2 Samples.  
8.19.2.1 Samples shall be complete RF PASS systems. 
8.19.2.2 Samples shall be conditioned as specified in 8.1.2. 
8.19.3 Specimens 
8.19.3.1 Specimens for testing shall be complete RF PASS consisting of a user-worn RF PASS 
and the base station designed for use with it, provided by the manufacturer. 
8.19.3.2 A single RF PASS and a single base station shall be used in each test. Three different 
sets of units (portable + base station) shall be tested.  
8.19.4 Test Apparatus 
8.19.4.1 The test apparatus described in 8.18.4 for the Point-to-Point RF Attenuation test shall be 
used.  
8.19.5 Procedure. 
8.19.5.1* The Loss-of-signal Alarm Test shall be conducted with the user-worn RF PASS placed 
in one test chamber and the base station placed in a second chamber. 
8.19.5.2 The path loss used in the Loss-of-signal Alarm Test shall be implemented by 
disconnecting the coaxial cables that were connected to the attenuator in the Point-to-Point RF 
Attenuation test. These cables shall be as specified in Figure 8.18.4.1. 
8.19.5.4 An RF link shall be established between the RF PASS and base station with the doors to 
the test chambers open. When the link has been established, the doors shall be closed. 
8.19.5.5  Upon closing the second door, the duration until the loss-of-signal alarm sounds from 
each of the user-worn RF PASS and the base station shall be noted. 
8.19.5.6 Repeatability. The Loss-of-signal Alarm Test shall be conducted once for each of three 
Specimens 19-21 (Table 4.3.10(a)) or Specimens 16-18 (Table 4.3.10(b)). 
8.19.6 Report. 
8.19.6.1 The operator shall note the results of the three tests specified in 8.19.5.6, including the 
duration before the loss-of-signal alarm sounds at the user-worn RF PASS and base station, and 
the frequency of operation. 
8.19.7 Interpretation. 
8.19.7.1 Pass or fail performance shall be determined for each specimen. 
8.19.7.2 One or more specimens failing this test shall constitute failing performance. 
Section 8.20 Radio System Tests for Optional RF PASS – RF Interference Test 
8.20.1 Application. This test method shall apply to all RF PASS systems. 
8.20.1.1 The RF PASS shall be tested in conjunction with the model of base station with which it 
is intended to be deployed. If a portable computer is utilized in the base station, radio system 
tests shall be conducted using the manufacturer’s supplied portable computer. The portable 
computer, if used, shall be placed into the test chamber with the base station. 
8.20.1.2 The base station, base station computer, and any other electronic equipment associated 
with the RF PASS system shall operate on battery power for the duration of the Point-to-Point 
RF Attenuation Test. 
8.20.1.3 The total attenuation (including cables, connectors, free-space path loss, antenna loss, 
and external added attenuation) between the base station and the user-worn RF PASS shall 
correspond 100 dB +/− 3dB using the method described in Section 8.18.5.2. 
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8.20.1.4 The RF Interference Test shall be conducted with the base station acting as the receiver 
and the user-worn RF PASS transmitting a remote distress alarm in the presence of RF 
interference.  
8.20.1.5 The RF Interference test does not preclude the use of repeaters in the field. 
8.20.2 Samples.  
8.20.2.1 Samples shall be complete RF PASS systems. 
8.20.2.2 Samples shall be conditioned as specified in 8.1.2. 
8.20.3 Specimens 
8.20.3.1 Specimens for testing shall be complete RF PASS consisting of a user-worn RF PASS 
and the base station designed for use with it, provided by the manufacturer. 
8.20.3.2 A single RF PASS and a single base station that have passed the Point-to-Point RF 
Attenuation Test described in Section 8.18 and the Loss-of-Signal Alarm Test described in 
Section 8.19 shall be tested.  
8.20.4 Test Apparatus 
8.20.4.1 The RF Interference test shall be conducted with apparatus that meets the following 
guidelines, such as that illustrated in Figure 8.20.4.1.  
 
 
 
 
**** Insert Figure 8.20.4.1: "Apparatus used for RF Interference Test. Two anechoic 
chambers provide shielding between the RF PASS and the base station. The chambers are 
linked by a known amount of attenuation, representing a specified path loss. An interfering 
RF signal is introduced into the test chambers by use of a power combiner."**** 
 
 
 
 
 
8.20.4.1 Test Chambers. The two test chambers shall be configured as shown in Figure 8.18.4.1. 
The anechoic chambers, antennas, and cables used in the RF Interference Test are the same as 
those described in 8.18.4 Test Apparatus for the Point-to-Point Attenuation Test.  
8.20.4.2 Power Combiner. A power combiner shall be used to combine the signal from the base 
station with the interfering signal, as shown in 8.20.4.1. The power combiner shall have two 
input ports and one output port, shall use Type N connectors, and shall have a minimum isolation 
between the input ports of 20 dB.  
8.20.4.3 Interferer. A programmable signal generator capable of emitting common wireless 
protocols described in Table 8.20.4.3 shall be used. The signal generator shall be programmed to 
provide the parameters specified in Table 8.20.4.3 for the frequency of operation of the RF PASS 
system.  
 
 

Table 8.20.4.3: Definition of interference sources for RF Interference Test. 

Frequency Range Transmission Format or 
Modulation Scheme 

Subcarrier or Channel 
Bandwidth 

Output power and 
FCC part 
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450 MHz TBD TBD TBD  

902-928 MHz Frequency Hopping (200 
ms hop time) 100 kHz subcarrier 

1 W peak power (30 
dBm) into antenna 
(w/ max 6 dBi gain), 
FCC Part 15.247 [2] 

2.4-2.472 GHz Direct Sequence Spread 
Spectrum 

2 MHz (IEEE 802.15.4 
channels) 

63 mW peak power 
(18 dBm) into 
antenna, FCC Part 15 
(See example 2 [2] 
for determination of 
correction factor.) 

 

 
8.20.5 Procedure. 
8.20.5.1 Prior to conducting the RF Interference Test, each anechoic chamber shall be 
characterized using the techniques described in 8.18.5.1 Procedure for Field Uniformity 
Calibration.  
8.20.5.2 The total attenuation (including cables, connectors, free-space path loss, antenna loss, 
and external added attenuation) between the base station and the user-worn RF PASS shall 
correspond 100 dB +/− 3dB. The total attenuation shall be calculated using the methods 
described in 8.18.5.2 Procedure for Determination of Total Attenuation. A different 
configuration shall be used for each frequency of operation and set of antennas used in the test 
chambers.  
8.20.5.3 The signal from the RF interferer shall be coupled into the test chamber in which the 
user-worn RF PASS is located. Coupling shall be through a coaxial cable to a two-input power 
combiner having a minimum of 20 dB isolation between input ports. The other input port of the 
power combiner shall be connected to the coaxial cable that connects the base station test 
chamber to the user-worn RF PASS test chamber, as described in 8.18.5.2. The loss due to the 
coaxial cable and power combiner must be added to the nominal output power specified in Table 
8.20.4.3. 
8.20.5.4 A wireless link shall be established between the base station and user-worn device 
before closing the chambers’ doors. 
8.20.5.5  The chamber doors shall be closed. 
8.20.5.6 The interferer shall be turned on. 
8.20.5.7 The duration until the reception of the remote distress alarm shall be recorded. 
8.20.5.8 The RF PASS system shall be tested with the user-worn RF PASS placed in two 
orientations (vertically and horizontally) and the base station placed in one orientation 
(horizontally). 
8.20.5.9 Repeatability. Repeatability shall be established by measurement of the four separate 
devices specified in Table 4.3.10(a) (Specimens 13, 19-21) or Table 4.3.10(b) (Specimens 13, 
16-18).  
8.20.6 Report. 
8.20.6.1 All quantities shall be reported to the nearest decibel. 
8.20.6.2 The operator shall note the results of all tests specified in 8.20.5, including the values of: 
(1) Target path loss associated with the test environment. (2) Maximum difference in field 
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uniformity within an area covering the center 30 cm x 30 cm of the test chamber, as described in 
Section 8.18.5.1. (3) Measured path loss when the external attenuator is set to 0 dB (Called 
SVNA,0dB in Section 8.18.5.2.6). (4) External attenuators used. (5) Frequency of operation (the 
minimum and maximum operating frequencies utilized by the RF PASS system under test). (6) 
Model, typical loss and isolation of power combiner, from manufacturer’s specifications. (7) 
Model and output power of interferer at test chamber top input port (including cable loss and loss 
through power combiner). (8) Relevant interferer parameters, as specified in Table 8.20.4.3. 
8.20.7 Interpretation. 
8.20.7.1 Pass or fail performance shall be determined for each specimen. 
8.20.7.2 One or more specimens failing this test shall constitute failing performance. 
A.1.1.1  NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 
requires that each person involved in rescue, fire fighting, or other hazardous duties be provided 
with and use a PASS. PASS should be worn on protective clothing or protective equipment, or as 
an integrated part of another item of protective clothing or protective equipment and used 
whenever the member is involved in fire suppression or similar activities, regardless of whether 
SCBA is worn. This might require the PASS to be moved from one protective clothing item to 
another or the department to purchase additional PASS for use where structural protective 
clothing is not worn, as in, for example, wildland fire fighting, technical rescue, and high-angle 
rescue. 
PASS are designed to assist in locating fire fighters or other emergency services personnel who 
become incapacitated or are in need of assistance. RF PASS contain an optional RF transceiver 
that enables the PASS to automatically transmit remote distress alarms and receive evacuation 
alarms via RF signals. The RF PASS responds to an evacuation alarm with an audible and visual 
signal. A complete RF PASS system includes a base station that monitors for a remote distress 
alarm from the portable RF PASS unit and emits an audible and visual signal when this alarm is 
received. The base station is also capable of sending an evacuation alarm to the RF PASS. 
Section 5.3 of NFPA 1561, Standard on Emergency Services Incident Management System, and 
Section 8.4 of NFPA 1500, Standard on Fire Department Occupational Safety and Health 
Program, require every fire department to establish a system of fire fighter accountability that 
provides for the tracking and inventory of all members during emergency operations. 
Asterisk 1.1.2, delete asterisk to 1.1.4  
A.1.1.2  Appropriate testing criteria has been developed to include RF PASS in this Standard as 
an option.  
Searches of systems and testing applications, the Committee could not develop criteria to 
determine that the performance of such enhancements would be achieved with any degree of 
certainty and could not develop the appropriate test methods to determine that such features 
would perform reliably and consistently for the safety of the emergency services personnel. 
Until such time that sound performance requirements and testing methods are developed that can 
verify the repeated reliability of the performance, within necessary operational and safety 
parameters, and that give a high degree of confidence of the performance of the enhancements, 
the Committee will not address such requirements in the standard. The Committee’s opinion is 
that the inclusion at this time of requirements for such enhancements could potentially increase 
the risk to the emergency services personnel who might use PASS with such enhancements 
believing the enhancements would function in all situations to increase their margin of safety. 
Purchasers and manufacturers of PASS should understand that NFPA 1982 addresses the 
minimum requirements for PASS. New technologies and capabilities are available for PASS for 
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the tracking and accountability of emergency services personnel, and emergency services 
organizations might want to consider specifying such additional features and capabilities that are 
not included within the minimum standard. PASS enhancements (accessories) could include the 
following:  
  
(1)  One-way distress notification 
(2)  Two-way distress/evacuation and mass/team evacuation notification 
(3)  Electronic personnel accountability 
(4)  Person-to-person local distress notification 
(5)  Person locator systems 
(6)  Additional systems information (data logging features such as cylinder pressure, 
temperature, breathing rates, elapsed time, etc.) 
 
Where purchasers are interested in enhancements, they should consider the benefits and 
limitations of the additional capabilities before making a purchase. Emergency services 
organizations vary greatly in size, response types, and capabilities. Fire departments on the West 
Coast, for example, are more likely to encounter multiple-alarm wildland fires than New York 
City, Boston, or Chicago, which are more likely to experience multiple-alarm tenement or row 
house building fires than wildfires. Flood-prone regions are less likely to have underground 
garages, sub-basements, or subway systems. All these examples provide different challenges for 
the utilization of current versions of enhanced PASS.  
RF PASS Many, but not all, enhancements to current PASS utilize radio signal technology. 
Radio signals react differently in variable and different environments. Different environments 
present different challenges to radio communications and radio signals. Transmission of radio 
signals is affected by topography, weather conditions, building layout and design, and 
construction material, as well as other obstructions that may be in a given area. 
In the testing lab environment, alarm systems, monitoring devices, and even personal alert 
devices, such as PASS, cannot be ―tested‖ in the total environment in which they could be used. 
Prospective end users, however, can conduct field testing of such devices in the total 
environment in which they could be used. Devices such as antennas or repeaters may be 
incorporated into radio frequency (RF) systems used in large industrial, commercial, and 
residential facilities. Realistic and rigorous on-site testing of systems and components will help 
ensure satisfactory coverage and help the user develop reasonable expectations. Physical testing 
of personnel safety systems utilizing any form of RF technology should be conducted in an 
actual or realistic environment.  
Current RF laboratory tests offer very good indicators regarding the reach and penetration of the 
RF signal(s). However no lab test can testing methods cannot take into account the variety of 
construction and obstructions commonly found, such as building layout and design, construction 
materials, topography, and environmental factors. Users must take local factors into 
consideration in their immediate response areas and consider such things as local topography, 
weather conditions, and local forms of construction for the system to meet their expectations. 
Based on actual jurisdictional performance testing, appropriate public safety or government 
officials can make informed decisions regarding the purchase, use, and development of 
operational procedures to be used in providing the maximum level of personal protection for fire 
and rescue personnel in their jurisdiction. 
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Purchasers must be aware that a PASS and a PASS with enhanced features are is only one 
component of an overall accountability system or program. Purchasers must develop operational 
procedures to ensure that the system will function as expected. 
Recommendations. Considering the factors noted in the preceding paragraphs, the purchaser 
should develop a testing and performance criteria similar to the following: 
 (1)  Prior to using or purchasing a product or system, the local emergency services organization 
should select several different typical target hazard test locations in their normal response area 
for field testing of the product or system. 
 (2)  Consideration should also be given that these target hazard test locations should provide 
rigorous testing scenarios and should include radio transmission dead spots, unusual topography, 
unusual building complexes, aboveground and below ground configurations, and construction. 
 (3)  A person(s) designated by the local head of the emergency services organization(s) should 
participate in site selection and field testing. 
 (4)  Testing should be conducted by simulation of actual emergency operations and conditions.   

(a) The emergency services official should designate an area (i.e., base station) where the base 
station receiving components of the RF PASS could be located if the incident were real. 

(b) Emergency responders should wear or carry the devices just as they would during an actual 
emergency and travel to all areas of the simulated emergency scene test area. 

(c) Alarm and distress signals must be activated from many areas within the test site while the 
base station receiving devices are is monitored to ensure reception or acknowledgment of each 
remote distress or evacuation alarm or distress signal. 

(d) Attempts should be made to make the test scenarios for RF PASS RF testing as difficult 
and challenging as possible so problem areas where an RF signal could have difficulty 
penetrating a building or structure can be isolated and addressed. 

(e) Testing results should be recorded, with environmental factors such as the type of 
occupancy (residential, commercial, industrial, etc.), construction features, weather conditions, 
and location noted. 
 (5) Enhancement devices (leaky coaxial feeders, repeaters, enhanced radio receivers) can be 
used, as necessary, with placement and effectiveness recorded. 
 (6) Fire or emergency responders who would routinely have multiple base stations receiving 
components on the scene of an actual emergency should place multiple base stations receiving 
devices in service during field-testing scenarios in accordance with their standard operating 
procedures. 
 (7) NFPA 5000, Building Construction and Safety Code, outlines the eight basic types of 
construction that should be considered as part of the field-test criteria. 
 (8) Users should evaluate the effectiveness of the RF PASS device as it relates to the developed 
operational procedures. 
By conducting these recommended field tests, the end user can witness the performance of the 
product in the environment in which it is intended to be used, determine, with reasonable 
accuracy, whether the product does or does not meet their expectations, and then make an 
appropriate decision. 
The committee clearly understands the benefits consequences of not being able to provide an 
incident commander with immediate notification of fire fighters in distress as well as a method to 
evacuate fire fighters in the event of an imminent building collapse or other emergency. A study 
of the NIOSH Firefighter Death and Injury Reports over the past 10 years validates the necessity 
for these immediate notifications. As indicated in a letter from the CDC/NIOSH/DSR 
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Investigation Team, dated April 14, 2011, ―We are in agreement that providing PASS devices 
that offer two-way Mayday and Evacuation signal capabilities would greatly enhance fire fighter 
safety at structure fires and other emergency response events.‖  
It is our intention to take a proactive approach to encourage government, educational institutions, 
and third-party compliance agencies to work in concert to develop appropriate test criteria that 
will validate the performance of new and emerging technologies. (Strikeout remaining existing 
text). 
A.1.2.2 Although all PASS that are in compliance with this standard have been tested to stringent 
requirements, there is no inherent guarantee against PASS failure or fire fighter injury. Even the 
best-designed PASS cannot compensate for abuse or lack of a PASS training and maintenance 
program. The severity of these tests should not encourage or condone abuse of PASS in the field. 
By themselves, the environmental and physical tests utilized in this standard might not simulate 
actual field conditions, but they are devised to put extreme stress loads on PASS in a manner that 
is accurate and reproducible by test laboratories. However, the selection of the environmental 
tests was based on summary values derived from studies of conditions that relate to field use. 
A.4.3.9  Some manufacturers of PASS offer devices that incorporate temperature sensing, radio 
transmission of distress signals, position location or other features that this document does not 
address. This document requires that the PASS, including all additional features installed on or in 
the PASS, comply with all requirements of this standard. 
Users can investigate these features with the individual manufacturers to determine whether they 
want to specify such additional features. 
Certification of the PASS to NFPA 1982 applies to the basic and RF PASS device only and not 
for any additional features not required by the standard. 
A.6.1.5  Removing the power source cover and power source for inspection for water and 
performing the extended immersion test with the power source cover removed provide a test for 
the isolation requirement between the power source compartment and the electronics 
compartment stated in 6.1.5. The extended test is also meant to verify that the electronics 
compartment maintains a watertight seal when the power source cover is removed. 
A.7.15.3.3 The Point-to-Point attenuation test does not preclude the use of repeaters in the field. 
A.8.19.5.1 The orientation of the user-worn RF PASS and the base station is not critical. 
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Annex C Point-to-Point Attenuation for RF PASS 
C.1 Introduction  
The RF Attenuation Test verifies the performance of RF PASS systems operating under 
conditions where a significant path loss (also called ―attenuation‖) is encountered, such as inside 
a building or other structure. A combination of two small anechoic chambers, antennas, cables, 
and an adjustable attenuator are used to create a repeatable RF propagation environment where a 
specified level of attenuation can be inserted between a user-worn RF PASS and its base station. 
Successful reception of an alarm signal under this level of attenuation constitutes a pass of the 
test. Two alarms are tested in the Point-to-Point RF Attenuation Test. First, the reception of the 
remote distress alarm by the base station is tested when the alarm signal on the user-worn device 
is activated. Second, reception of the evacuation alarm by the user-worn device is tested when it 
is initiated at the base station. 
This test method is designed to allow free-field testing of a complete RF PASS system, that is, 
testing of the system without the use of conducted measurements or removing the antennas. This 
is important because the antennas on many RF PASS devices are integrated into the user-worn 
SCBA, which can impact the radiation pattern of the antenna. Free-field testing allows the 
system to be characterized with any unusual antenna radiation pattern intact. 
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This test method was also designed to be as cost effective as possible. While the use of shielded 
anechoic chambers is rather expensive, the design of the units shown here is as inexpensive as 
possible. Inexpensive patch antennas are used. It is anticipated that, as more and more wireless 
electronic safety equipment becomes available, the chambers described here can be used for 
testing those systems as well. The chambers were also designed to be as easy to use and 
manipulate as possible because of the necessity for repeat measurements. 
C.2 The Target Value of Attenuation 
In the field, the amount of attenuation between a base station and RF PASS unit will be affected 
by many parameters, including the distance between them, the building materials, the location 
within a given building, the frequency of operation, and the type and orientation of the transmit 
and receive antennas, among other factors. The large range of possible values for these factors 
complicate the choice of a target value for the attenuation. Table C1 shows broad categories of 
path loss that were determined from a series of field tests carried out by NIST over the course of 
several years. These measurements are summarized in NIST Technical Notes 1540-1542 [1-3], 
1545-1546 [4, 5], 1550 [6], 1552 [7], and 1557 [8]. 
 

 

Table C1: Proposed classification of Low, Medium, and High attenuation based 
on NIST studies. 

Classification Attenuation (dB) Typical structures Current PASS 

Low Less than 100 

Houses, small 
buildings with 
exterior-facing 
rooms 

Single unit 

Medium 100 to 150 

Moderate-sized and 
tall structures with 
some interior 
rooms 

With repeater 

High Over 150 

Very large 
structures and 
those with 
subterranean floors 

Multiple repeaters 

 

 
The Point-to-Point RF Attenuation Test is designed to replicate the Low Attenuation 
classification, corresponding to houses, small buildings, and buildings with exterior-facing 
rooms, such as multi-story apartment buildings where each unit faces the outside of the building. 
Based on the NIST data, a target attenuation value of 100 dB was chosen for this test. The 
attenuation value represents the path loss between the transmit and receive antennas, referenced 
to a 3 m calibration measurement that removes the effects of the measurement system’s 
antennas. See [9] for more details on these measurements. 
C.3 Measurement System Set-up 
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Error! Reference source not found. shows a typical Point-to-Point RF Attenuation Test set-up. 
Two anechoic chambers provide shielding between the portable unit and the base station. The 
total path loss (or gain) associated with the environmental elements marked in Figure C1 
simulates the path loss experienced by personnel carrying RF PASS within a building or 
structure when the base station is located outside. The value of the external attenuator is adjusted 
in a calibration step described below to match the target attenuation.  
The chambers are shielded so that the user-worn RF PASS and base station are isolated from 
each other. This allows testing of RF attenuation alone. RF interference should be tested in a 
separate test method. The anechoic material in the chamber simulates a reflection-free 
environment. Multipath reflections should be tested with a separate test method. 
 
 
 
 
****Insert Figure C1: Test set up and sources of path loss (and gain) in the Point-to-Point 
RF Attenuation Test**** 
 
 
 
 
 
Antennas are mounted in the top of each chamber to receive the signal emitted by the device 
under test and couple it to the exterior of the chamber. The total system attenuation includes the 
gain (if any) in these antennas, the free space path loss between the PASS or base station and 
these antennas, the cables connecting the chambers, and external attenuators that are added to 
achieve the desired amount of path loss. The Point-to-Point test method requires that the RF 
PASS system is able to send and receive alarms when the sum of these components of 
attenuation corresponds to that specified in the standard. 
C.4 System Specifications 
C.4.1 Anechoic Chambers 
The chambers include non-conducting (for example, plywood) tables capable of supporting an 
SCBA containing an integrated PASS. The doors in the chambers must be large enough for 
inserting an SCBA. The top of the table must be positioned above the RF absorbing material 
covering the interior walls of the chamber. As an example, for RF PASS systems operating in the 
900 MHz and 2.4 GHz unlicensed frequency bands, the test chambers must meet the following 
minimum specifications: 
The width and depth of the chambers must be large enough to allow insertion, placement and 
rotation of complete SCBAs. Usable space must be a minimum of 24 inches (61 cm) width x 24 
inches (61 cm) depth x 10 inches (30.5 cm) height at the height of the table. Usable interior 
width and depth may be smaller at other heights within the chamber.  
The height of the chamber should be maximized to reduce antenna near-field effects, yet low 
enough to fit within a standard ceiling height to reduce costs. Overall usable interior height 
should be no less than 40 inches (102 cm) between the antenna and table top or 55 inches (140 
cm) total. Note that 1.0 m = 3 wavelengths at 900 MHz. 
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The user-worn device and base station must be RF-isolated from each other. At least 100 dB 
shielding from 900 MHz to 3 GHz when the bulkhead ports specified below are in place. 
Measured results verifying performance to be provided by manufacturer. 
The chambers must replicate a reflection-free environment. RF attenuation of minimum 25 dB 
normal incidence, from 900 MHz to 3 GHz, provided by RF absorbing material. Measured 
results verifying performance to be provided by manufacturer.  
Because many repeat measurements must be carried out for the Attenuation Test, the chamber 
must have a hinged door, not a hatch, with no more than two latches that must be operated to 
open the door, preferably operated with a single handle. Minimum door size approximately 18 
inches (46 cm) x 12 inches (30.5 cm). 
Top access panel to mount antennas with panel size 12 inches (30.5 cm) x 12 inches (30.5 cm). 
Non-conducting table top minimum approximately 12 inches (30.5 cm) square, approximately 15 
inches (38 cm) high. 
Must be able to mount at least 2 type N precision or SMA bulkhead ports. 
Access panel for antenna mounting located at top of structure. 
Because the chambers must be positioned near to each other, they should have roll-around 
capability with wheels or casters. 
C.4.2 Antennas 
It is recommended that circularly polarized patch antennas be used to minimize the dependence 
of the test on the orientation within the chamber of the use-worn RF PASS and base station. 
Patch antennas provide good field uniformity, making test less sensitive to device placement. As 
well, they are relatively inexpensive. Four antennas are required for the path loss calibration step; 
two are used during test. Cables that are connected to the antennas should be as short as possible 
to minimize error during the calibration step, when, unless a three-antenna calibration is used, 
the manufacturer’s reported antenna gain is used. 
C.4.3 Cables 
Cables should be high-quality shielded coaxial cables with type N or SMA connectors. At NIST, 
short (12‖) cables are permanently left in place at the top of each chamber to make changing 
antennas easier. These are accounted for in the path loss measurement. Torque wrenches should 
be used to tighten connectors. 
C.4.4 Test Equipment 
A three-axis field probe with high-impedance cable is used to characterize the field uniformity of 
the chamber/antenna combination. A vector network analyzer is used to calibrate the path loss. A 
signal source and spectrum analyzer could be used as well. A variable attenuator (or combination 
of fixed and variable) is used to set the path loss. 
C.5 Characterizing the Test Chamber Field Uniformity  
Before the RF-PASS system components are tested for their ability to operate under the specified 
path loss conditions, the test environment itself must be characterized. The antennas at the top of 
the chambers are selected to illuminate the table as uniformly as possible. However, nonidealities 
such as antenna near-field effects, reflections off of the walls due to imperfect absorber, antenna 
pattern, polarization, and beamwidth will cause deviations from uniform illumination. This will, 
in turn, affect the uniformity of the field on the table where the device under test is placed. Note 
that this characterization step must be completed for each antenna set up used in the Point-to-
Point RF Attenuation Test. That is, field uniformity must be tested for each frequency band with 
the antenna to be used at that frequency. 
C.5.1 Procedure: Electric Field Uniformity  
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The basic procedure for measuring electric field uniformity is to use an electric field probe to 
determine the contribution of the three orthogonal components of the electric field near the 
surface of the table, that is, where the device under test will be placed. The electric field probe 
should be small relative to the wavelength of operation so that the fields inside chamber are not 
modified by it, and it should be connected through the wall of the chamber by a high-impedance 
cable to minimize coupling of fields on the cable to the fields in the chamber. Many such probes 
are commercially available. 
The steps listed below include an example of field uniformity measured at 915 MHz because 
some commercially available RF PASS systems currently operate in the 902 to 928 MHz 
frequency band.  
 (1)  Setup the anechoic chamber and electric field probe as shown in Figure C1. The antennas 
used should be those that will be used in the attenuation test. Note that connections into the 
chamber should be made though bulkhead-type connectors if possible. Any penetrations not 
using bulkhead connectors should be sealed with metal tape to preserve the shielding integrity 
provided by the metal shell of the chamber. 
 (2)  Set the signal generator to the center frequency in the frequency band of interest. The power 
level setting must provide sufficient electric field strength at the measurement area to provide a 
reading on the field probes, and may require the inclusion of an external power amplifier.  In the 
example shown, the signal generator is connected to a linear broadband RF amplifier.  
 (3)  Connect the field probe to the external voltmeters through the bulkhead. In the case shown, 
the field probe is connected to three individual digital multimeters that display the x, y, and z 
components of the electric field.  
 (4)  Sequentially measure the three electric field components at the 13 points shown in Error! 
Reference source not found. 
 (5)  Plot the contour lines of equal power levels, determined from the measured electric field 
results,E,x,y, and z Note that E is directly proportional to the measured voltage for the 
measurements here because we assume the distance between the antenna and all test points is 
constant. These power levels are relative to the minimum total power measured at one of the 13 
points. The minimum total power is determined by calculating the total power at each of the 
measurement points, and then selecting the minimum value of those calculations. The equation is 
as follows: 
 

  
                 log
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         (C1) 

 
Where =1,2,3...13 , (the measured points), k = x, y, z, or “total,‖ and 
 
 

      
      

       
  

 
    

  
  

  

 
 
Note that the conversion to absolute power from electric field values is; P = aE2  a is a constant 
that cancels in the calculation of the relative power. 
In general, any mathematical software with a contour plotting capability may be used to generate 
the contour plots showing the lines of equal power. Some contour plotting packages may require 
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additional points beyond the measured values within the defined grid.  The contour plots 
generated here are based a 5 × 5 grid that contains 25 points, and since only 13 measured data 
points are available, the remaining points are interpolated by averaging the nearest measured 
values. For a perimeter location, three measured values are averaged, while for an interior 
location, four measured values are averaged. For example, in Figure C3, on the top, outside edge 
of the square an interpolated value is added by averaging the measured values from the top left 
corner, the middle of the top edge, and the middle of the top left quadrant.  An interpolated 
interior point between the right and left upper quadrants is calculated by averaging the measured 
values from the middle of the top edge, the center, and the middle of the top left and right 
quadrants. Note that measuring all 25 points instead of interpolating between measured values is 
an option as well.  
 
Error! Reference source not found. shows example results for one of the anechoic chambers 
tested in the NIST laboratory, where the total relative power is shown in Error! Reference source 
not found.(a). Note that in this case, the vertical component (Error! Reference source not 
found.(b)), is negligible compared to the two horizontal contributions (indicated by the negative 
dB values), and the y and z components (Error! Reference source not found.(c) and (d)) are 
within approximately 2 dB of each other over the center portion of the table.  The total horizontal 
contribution of the electric field creates the circular nature of the contour curves in Error! 
Reference source not found.(a). 
 (6)  From the uniformity measurement results, the useable portion of the table for testing 
purposes is considered the center 30 cm (approximately one foot). It is anticipated that the 
devices under test will be placed within that portion of the table. This area includes 
approximately the contour line of 7 dB in Error! Reference source not found.(a). Thus, there 
could be up to 2 dB of variation in the received signal strength depending on the placement of 
the device within the chamber. Thus, the attenuation test results should account for this 
variability by increasing target path loss by, in this example, 4 dB (2 dB for each chamber).  
 (7)  Repeat this process for all of the anechoic chambers used in the measurements. 
 
 
 
 
****Insert Figure C3. The measurement pattern for checking the electric field uniformity 
on the table surface. Field measurements are made at 13 positions on the surface of the 
table**** 
 
 
 
 
****Insert Figure C2. Field uniformity check of an anechoic chamber at 915 MHz with a 
circularly polarized patch antenna; (a) total power,(b)x or vertical polarization, (c) y or one 
horizontal polarization contribution, and (d) z or the other horizontal component 
contribution. The numbers on the contour lines are decibels calculated relative to the 
minimum total power measured at the 13 measurement points (shown by the yellow 
circles)**** 
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C.6 Calibration Step to Find Attenuator Setting for Target Path Loss 
As described above, the goal of the Point-to-Point RF Attenuation Test is to verify that the RF 
PASS system is functional when the propagation channel includes a specified target path loss 
between the user-worn device and the base station. To replicate the target path loss in the 
laboratory test, the complete path loss between the two antennas is found, as shown in Figure C5. 
The losses (or gains) of certain fixed elements in the test-chamber environment are added 
together (in decibels). This fixed test chamber loss is augmented by an external, adjustable 
attenuator (or group of attenuators). The external attenuator allows one to incorporate enough 
attenuation to replicate the target path loss. The correct setting for the attenuator is found in a 
calibration step. The calibration requires the use of two additional antennas having a known gain, 
and a vector network analyzer, as described in the following. 
The two additional antennas are first inserted into the test chambers on the same table tops where 
the RF PASS components are placed during the attenuation test. It is preferred that these 
antennas be circularly polarized patch antennas, as above, because they provide highly uniform 
illumination of the chamber, and are insensitive to polarization. The gain of these antennas 
should be known beforehand. The gain may be obtained from the manufacturer’s specifications 
or by use of a more sophisticated technique such as a three-antenna method. As an example, the 
manufacturer-specified gain was 9 dBi for the 900 MHz antennas, and 3 dBi for the 2.4 GHz 
antennas that we used.  
 
 
 
 
 
 
****Insert Figure C5: The target path loss consists of the summation (in decibels) of the 
various fixed elements in the propagation path, plus the external attenuator. The external 
attenuator is adjusted until the target path loss is obtained**** 
 
 
 
 
 
The calibration antennas (Antennas 1 and 4, as shown in Figure C5) are connected to the VNA 
through bulkhead adapters in the body of the test chambers. The cables connecting the antennas 
to the bulkhead adapters should be short and, preferably, a block of RF absorber placed over 
them to minimize reradiation and reflections within the chamber. 
The VNA is calibrated using standard techniques to reference planes as near to the bulkhead 
adapters as possible. S parameters are collected over the frequency of operation of the RF PASS 
system that is being tested. The IF bandwidth should be set to 1 kHz or less, and the number of 
points to around 400.  
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As shown in Figure C6, a VNA measurement in this configuration corresponds to the cascade of 
the elements in the RF propagation path shown in Figure C5. To identify the attenuator setting, 
we first define a variable SP that represents the combination of all of the fixed elements in the 
path loss except the attenuator: 
 
SPdB ≡ SC1dB + S2dB + SL1dB + SL2dB + S3dB + SC2dB  (C2) 
 
 
 
 
****Insert Figure C6: Graphical representation of the cascade of S parameters that are 
measured by the VNA, as shown in Figure C5**** 
  
 
 
 
We can then represent the cascade of all of the elements in terms of SP, the gain of the 
calibrations antennas, and the attenuator. This cascade is first measured with the attenuator set to 
0 dB, as shown graphically in Figure C7. This allows us to identify the contribution of SP to the 
total path loss, which in turn allows us to identify the correct attenuator setting to obtain the 
target path loss. 
 
 
 
 
****Insert Figure C7: Graphical representation of the cascade of S parameters in terms of 
SP, defined in (1), with the attenuator set to zero. This cascade is measured as SVNA, 
0dB*** 
 
 
 
 
Knowing SVNA,0dB and the gain of the two calibration antennas, we can then find the 
attenuator value as  
 
SAT,dB  = TdB – SPdB       (C3)  
   = TdB – SVNA,0dB + S1dB + S2dB 
 
where SVNA,0dB , S1dB , and S2dB are known. SAT,dB corresponds to the required path loss 
introduced by the attenuator, in decibels, given the other path loss mechanisms in the 
propagation path. As an example, suppose the target path loss is 100 dB, the manufacturer-
specified gain of the calibration antennas is 9 dBi, and the measured value of SVNA,0dB is −30 
dB at the frequency of operation. Then,  
 
SAT, dB  = –100dB – (–30dB) + 9dB + 9dB 
   = – 52dB         (3) 
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The external attenuator should be set to 52 dB in this case. When we include the 4 dB calculated 
from the field uniformity tests above, the external attenuator would be set to 56 dB. 
For the final system set-up, with the attenuator setting determined from SAT,dB in the last step, 
place the user-worn RF PASS in Chamber 1 and the base station in Chamber 2, as shown in 
Figure C1. If the base station utilizes a portable computer, this should be provided by the 
manufacturer and, unless the antennas are connected to the base station by way of a coaxial 
cable, the computer should be placed in Chamber 2 as well.  
Establish a wireless link between the base station and user-worn device before closing the 
chambers’ doors. Testing will be conducted with the RF PASS in two orientations: vertical 
(standing upright on the table) and horizontal (laying flat on the table) so that the directionality 
of the RF PASS antennas is less critical. The base station should be tested with its antenna laying 
horizontally on the table. This may require placing the base station on its back or side. This 
orientation is designed to maximize the signal level received at the antenna at the top of the 
chamber, which is presumably how the base station will be deployed in the field (oriented for 
maximum signal level). 
C.7 Remote Distress Alarm Test 
After the system is set up as described above, the Remote Distress Alarm test, Figure C8, is 
carried out as follows: 
 

Close doors on both chambers and wait for remote distress alarm to sound. 
Test: Does base station receive alarm within 30 seconds (y/n)? 
Repeat test for second orientation of user-worn RF PASS. 
Repeat test three times. 
Successful receipt of remote distress alarm within 30 seconds of remote distress alarm 

sounding for all 12 tests constitutes pass of    
  Point-to-Point Attenuation Test: Remote Distress Alarm (NFPA 1892 – 8.18). 
 
 
 
 
****Insert Figure C8. Graphical representation of the Remote Distress Alarm Test**** 
 
 
 
 
C.8 Evacuation Alarm Test 
After system is set up as described in previous section, the Evacuation Alarm test, Figure C9,is 
carried out as follows: 
1. Close door on Chamber 1 containing user-worn RF PASS. 
2. With base station located within Chamber 2, initiate evacuation alarm. 
3. Close door on Chamber 2 containing base station. 
4. Test: Does base station receive alarm within 30 seconds (y/n)? 
5. Repeat test three times. 
6. Repeat test for second orientation of user-worn RF PASS. 
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7. Successful receipt of remote distress alarm within 30 seconds of remote distress alarm 
sounding for all 12 tests constitutes pass of     
    Point-to-Point Attenuation Test: Evacuation Alarm (NFPA 1892 – 8.18). 
 
 
 
 
****Insert Figure C9. Graphical representation of the Evacuation Alarm Test**** 
 
 
 
 
 
C.9 Reporting 
The report includes results for all configurations, repeats and tests. It should include the model of 
the devices that were tested. All quantities shall be reported to the nearest decibel. The operator 
should note the values of (1) Target path loss associated with the test environment. (2) Maximum 
difference in field uniformity within an area covering the center 30 cm x 30 cm of the test 
chamber, as measured above. (3) Value of measured path loss when the external attenuator is set 
to 0 dB (That is, SVNA,0dB). (4) Value of external attenuators used. (5) Frequency of operation 
(the minimum and maximum operating frequencies utilized). Pass or fail performance shall be 
determined for each specimen. One or more specimens failing this test shall constitute failing 
performance. 
C.10 References 
 [1] C.L. Holloway, G. Koepke, D. Camell, K.A. Remley, D.F. Williams, S.A. Schima, S. 
Canales, D.T. Tamura, "Propagation and Detection of Radio Signals Before, During, and After 
the Implosion of a 13-Story Apartment Building," Natl. Inst. Stand. Technol. Note 1540, May 
2005  
 [2] C.L. Holloway, G. Koepke, D. Camell, K.A. Remley, D.F. Williams, S.A. Schima, S. 
Canales, D.T. Tamura, "Propagation and Detection of Radio Signals Before, During, and After 
the Implosion of a Large Sports Stadium (Veterans' Stadium in Philadelphia)," Natl. Inst. Stand. 
Technol. Note 1541, October 2005.  
 [3] C.L. Holloway, G. Koepke, D. Camell, K.A. Remley, S.A. Schima, M. McKinley, R.T. 
Johnk, "Propagation and Detection of Radio Signals Before, During, and After the Implosion of 
a Large Convention Center," Natl. Inst. Stand. Technol. Note 1542, June 2006. 
 [4] C.L. Holloway, W.F. Young, G. Koepke, K.A. Remley, D. Camell, Y. Becquet, "Attenuation 
of Radio Wave Signals Coupled Into Twelve Large Building Structures," Natl. Inst. Stand. 
Technol. Note 1545, Apr. 2008. 
 [5] K.A. Remley, G. Koepke, C.L. Holloway, C. Grosvenor, D. Camell, J. Ladbury, D. 
Novotny, W.F. Young, G. Hough, M.D. McKinley, Y. Becquet, J. Korsnes, ―Measurements to 
Support Broadband Modulated-Signal Radio Transmissions for the Public-Safety Sector,‖ Natl. 
Inst. Stand. Technol. Note 1546, Apr. 2008. 
 [6] K.A. Remley, G. Koepke, C. Grosvenor, R.T. Johnk, J. Ladbury, D. Camell, J. Coder, ―NIST 
tests of the wireless environment in automobile manufacturing facilities,‖ Natl. Inst. Stand. 
Technol. Note 1550, Oct. 2008. 



28 
NFPA 1982 Log #CP3 Rec F2012 ROP 

 

 [7] W. F. Young, K. A. Remley, J. Ladbury, C. L. Holloway, C. Grosvenor, G. Koepke, D. 
Camell, S. Floris, W. Numan, and A. Garuti, "Measurements to support public safety 
communications: attenuation and variability of 750 MHz radio wave signals in four large 
building structures," NIST Technical Note 1552, Aug. 2009.  
 [8] W.F. Young, K. A. Remley, D. W. Matolak, Q. Zhang, C. L. Holloway, C. Grosvenor, C. 
Gentile, G. Koepke, and Q. Wu "Measurements and models for the wireless channel in a ground-
based urban setting in two public-safety frequency bands," NIST Technical Note 1557, May 
2011. 
 [9] K.A. Remley, G. Koepke, C.L. Holloway, C. Grosvenor, D. Camell, J. Ladbury, R.T. Johnk, 
and W.F. Young, ―Radio wave propagation Into large building structures; Part 2, characterization 
of multipath,‖ IEEE Trans. Ant. Propagat., vol. 58, no. 4, Apr. 2010, pp. 1290-1301. 
Annex D: RF Interference Test for RF PASS 
D.1 Introduction  
The RF Interference Test verifies the performance of RF PASS systems operating under 
conditions where a significant path loss (also called ―attenuation‖) is encountered along with 
external interference from an RF wireless device operating in the same frequency band as the RF 
PASS system. For RF PASS that operate in the unlicensed Industrial, Scientific, and Medical 
(ISM) frequency bands, interfering signals may include those from wireless personal-area 
network or an RFID inventory-control system.  
The interfering source in this test method will operate at approximately the same output power as 
the RF PASS. Higher-power signals that are transmitted either within the same band as the RF 
PASS (for example, signals that operate in the 900 MHz frequency band that are licensed for 
land-mobile radio operations) or at frequencies other than the RF PASS system (for example, 
broadcast radio or cellular telephone operations) are not considered in this test method. 
The interfering signal is introduced into the test chamber that contains the user-worn RF PASS. 
This configuration is tested to simulate the condition where a firefighter is indoors in the 
presence of some other system. Because it is expected that the firefighter will typically be some 
distance from the RF interfering source, in this test method, the output power of the interferer is 
reduced by the free-space path loss corresponding to 2 m distance.  
The type of interfering signal used in this test method depends on the frequency of operation of 
the RF PASS system. Modulated RF signals that are commonly encountered in the field and that 
might be expected to cause interference to specific RF PASS configurations are specified for this 
test. Successful reception of an alarm signal under a specified level of attenuation and type of 
interference constitutes a pass of the test. 
This test method is designed to allow free-field testing of a complete RF PASS system, that is, 
testing of the system without the use of conducted measurements or removing the antennas. This 
is important because the antennas on many RF PASS devices are integrated into the user-worn 
SCBA, which can impact the radiation pattern of the antenna. Free-field testing allows the 
system to be characterized with any unusual antenna radiation pattern intact. 
This test method was also designed to be as cost effective as possible. The design of the anechoic 
chambers described here is as inexpensive as possible. Inexpensive patch antennas are used. It is 
anticipated that, as more and more wireless electronic safety equipment becomes available, the 
chambers described here can be used for testing those systems as well. The development boards 
used for simulating an RF interferer are also inexpensive, yet versatile enough to replicate 
signals encountered in the field.  
D.2 The Target Value of Interference 
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The RF Interference Test is designed to introduce into the RF propagation channel the types of 
interference that may be found in environments where firefighters are deployed. This test focuses 
on replicating conditions for structures where radio communication is typically difficult, for 
example large building structures such as office buildings, factories, convention centers and 
apartment buildings. Certain wireless transmissions that may cause interference are commonly 
found within these structures. For example, in offices and apartment buildings, the use of 
wireless local-area networks (WLAN) or wireless personal-area networks (WPAN) is common. 
In warehouses and factories, the use of RFID technology is common.  
Wireless systems such as WPAN and RFID operate in the unlicensed ―Industrial, Medical, and 
Scientific‖ frequency bands, with frequencies and power levels specified by the FCC. Because 
many RF PASS units also operate within these unlicensed frequency bands, in-band interference 
is possible. Consequently, the RF Interference Test is designed to test systems that operate in 
similar frequency bands using commonly encountered transmission protocols. 
The set of interference tests described below focus on three primary frequency bands and 
transmission formats. These target values of interference are detailed in Table D2. The 
transmission formats used in this test (including power level, modulation and encoding schemes, 
and signal bandwidth) have been designed to replicate commonly found wireless devices.  
 
 

Table D2: Definition of interference sources for RF Interference Test. 

Frequency Range Transmission Format 
or Modulation Scheme 

Subcarrier or Channel 
Bandwidth 

Output power and 
FCC part 

450 MHz TBD TBD TBD  

902-928 MHz Frequency Hopping 
(200 ms hop time) 100 kHz subcarrier 

1 W peak power 
(30 dBm) into 
antenna (w/ max 
6 dBi gain), FCC 
Part 15.247 [2] 

2.4-2.472 GHz Direct Sequence 
Spread Spectrum 

2 MHz (IEEE 802.15.4 
channels) 

63 mW peak 
power (18 dBm) 
into antenna, 
FCC Part 15 (See 
example 2 [2] for 
determination of 
correction factor.) 

 

D.3 Measurement System Set-up 
Figure D1 shows a typical RF Interference Test set-up. Two anechoic chambers provide 
shielding between the portable unit and the base station. The total path loss (or gain) associated 
with the environmental elements (shown in Figure C1, Annex C) simulates the path loss 
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experienced by personnel carrying RF PASS within a building or structure when the base station 
is located outside. The value of the external attenuator is adjusted in a calibration step described 
in Annex C. Note that the attenuation path now includes the power combiner, and so the external 
attenuator value must be changed from that used in the Point-to-Point Attenuation Test.  
The interferer is connected to the test chamber containing the user-worn device through a coaxial 
cable connected to the power combiner. The loss due to the coaxial cable and power combiner 
must be added to the nominal output power specified in Table D1.  
 
 
 
 
 
****Insert Figure D1: Test set up and sources of path loss (and gain) in the Point-to-Point 
RF Attenuation Test**** 
 
 
 
 
 
D.3.1 Orientation of RF PASS. Testing is conducted with the RF PASS in two orientations: 
vertical (standing upright on the table) and horizontal (laying flat on the table) so that the 
directionality of the RF PASS antennas is less critical. The base station should be tested with its 
antenna laying horizontally on the table. This may require placing the base station on its back or 
side. This orientation is designed to maximize the signal level received at the antenna at the top 
of the chamber, which is presumably how the base station will be deployed in the field (oriented 
for maximum signal level). 
D.4 System Specifications 
D.4.1 Test Chambers. The anechoic chambers, antennas, and cables used in the RF Interference 
Test are the same as those described in the Point-to-Point Attenuation Test described in Annex C 
(see Sections C.4.1 through C.4.4). 
D.4.2 Power Combiner 
A power combiner is used to combine the signal from the base station with the interfering signal, 
as shown in Figure D1. The power combiner should have two input ports and one output port, 
should use Type N connectors, and should have a minimum isolation between the input ports of 
20 dB. 
D.4.3 Interferer 
Development kits are available for most wireless system protocols used in the ISM bands (see 
[1] for an example). Such kits typically take the form of circuit boards with RF connectors. The 
kits can be programmed with a computer to generate wireless protocols having the parameters 
specified above.  
For the 900 MHz frequency hopping system, configurations can be generated varying in data 
rate, channel bandwidth, and hop duration. For the 900 MHz system, the system should hop over 
51 channels in the 902 MHz to 928 MHz band. Data is transmitted with filtered non-return-to-
zero (NRZ) encoding modulated onto a carrier with binary frequency shift keying (FSK). 
For the 2.4 GHz WPAN emulator, the system should be capable of simulating an 802.15.4 
system.  Specifically, the system should be capable of occupying one of 15 channels spaced 
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every 5 MHz from 2.405 GHz to 2.475 GHz using direct sequence spread spectrum and offset 
quadrature phase shift keying (O-QPSK).  
The development boards should be programmed to provide the parameters specified in Table D1. 
D.7 References 
 [1] M. R. Souryal, D. R. Novotny, D. G. Kuester, J. R. Guerrieri, and K.A. Remley, ―Impact of 
RF Interference between a Passive RFID System and a Frequency Hopping Communications 
System in the 900 MHz ISM Band,‖ IEEE Electromagnetic Compatibility Society Symposium 
Digest, July 2010, pp. 495-500. 
 [2] G. Moore, ―Simplifying FCC Compliance for 802.15.4 2.4 GHz Devices,‖ National 
Technical Systems White Paper. Available at 
http://www.nts.com/pdf/whitepapers/6_NTS%2080215%20FCC%20white%20paper.pdf.  
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NIST Tests of Representative Radio Propagation Environments to Support 
Development of RF-Based PASS Standards 
 
Executive Summary 

The National Institute of Standards and Technology (NIST) has been involved in 
a multi-year project to support development of performance metrics and test methods 
for standards for RF-based PASS devices. The work to date has focused on side-by-
side tests designed to relate radio-propagation environment characteristics in 
representative firefighter environments to actual PASS performance in these same 
environments. Identifying which radio channel characteristics have the most significant 
effect on PASS performance enables development of lab-based test methods that can 
be used to evaluate PASS performance in the field. 

NIST’s work on RF-based PASS standards has been funded by the U.S. 
Department of Homeland Security’s Office of Standards. The NIST Public-Safety 
Communications Research Lab has funded the measurements of the propagation 
channel.  

In the propagation channel studies, NIST engineers measured path loss and the 
level of reflectivity (or “multipath,” given by the RMS delay spread) in large public 
structures and environments where radio communications would potentially be difficult. 
These environments include multi-story buildings; buildings with subterranean floors; 
buildings with large, deep interior spaces; those with few windows; and outdoor “urban 
canyons,” consisting of city streets surrounded by tall buildings.  

To simulate an incident command post in the propagation environment studies, 
the transmit antenna was located outside each structure at an appropriate location. The 
receive antenna was placed at various discrete locations within the buildings in 
positions intended to provide data on locations that could potentially be problematic for 
radio reception. In each location, the path loss and RMS delay spread were measured 
using the VNA-based measurement method described in Section 2.  

RF-based PASS measurements were conducted in the same locations as the 
channel characterization measurements by placing the PASS base station unit at the 
location of the VNA transmit antenna. Portable RF-based PASS devices were then 
carried to the same locations that the receive antenna had been placed. At each test 
location, the portable PASS operator sent an alarm from the PASS device, and the base 
station operator noted whether the alarm was received, not received, or received with a 
significant delay.  
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Because the portable RF-based PASS device has a lower transmit power than 
does the base station, the alarm from the PASS device was typically lost closer to the 
base station than vice versa. This is why our tests focused on whether or not the alarm 
from the portable RF-based PASS device was received by the base station. 

We conducted tests in several environments, seven of which are described here, 
in terms of path loss, RMS delay spread, and success or failure of RF-based PASS 
transmissions. We tested two different commercially available RF-based PASS 
systems, one that operates on a licensed frequency in the 450 MHz public-safety 
narrowband frequency allocation, and one that operates in the unlicensed spectrum 
between 902 MHz and 938 MHz. The latter system was tested alone and with one 
repeater unit. 

From these side-by-side measurements of the radio-propagation channel and 
RF-based PASS devices, we have been able to draw several important conclusions. 
First, the data indicate that attenuation, rather than multipath, is the most common 
cause of a missed alarm from an RF-based PASS device in the representative medium-
to-large-structure radio-propagation environments that were studied.  

A second conclusion is that there is a range of path-loss values that can be used 
to roughly classify various structures in terms low-, medium-, and high-attenuation 
environments. In the low-attenuation environments (defined here as less than 100 dB 
path loss), RF-based PASS devices could typically be operated successfully without a 
repeater. In the medium-attenuation environments, RF-based PASS devices could 
typically be operated with a single repeater. In the high attenuation environments, it is 
expected that RF-based PASS may face significant obstacles to reliable RF 
transmission (using current 2010 technology consisting of a base station transceiver 
and portable, body-worn transceivers). 

A third conclusion can be drawn looking at the PASS performance tests 
conducted at an apartment building that had a cell-phone base station located on its 
roof. This structure did not present significant attenuation, yet both types of RF-based 
PASS devices we tested had significant difficulty in reliably communicating with the 
PASS base station. Radio interference such as this can present a potentially serious 
obstacle to RF-based PASS transmissions, and should be considered when deploying 
such systems. 

The data and corresponding discussion have been used to develop 
recommendations for lab-based test methods for RF-based PASS devices. The test 
methods developed to date focus on inserting a controllable amount of attenuation 
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between the portable PASS device and the PASS base station. The level of attenuation 
is increased to simulate a given amount of path loss, and the performance of the RF-
based PASS system is noted when an alarm is sent from the portable unit to the base 
station. It is anticipated that additional test methods and standards will be forthcoming in 
the near future as well. 
 
1.0 Introduction 

This document describes NIST tests to characterize the radio propagation 
channel in representative firefighter environments, along with performance test of RF-
based PASS devices in the same environments. In Section 2, we describe the 
measurement system and data-processing algorithms that we used in the channel 
characterization measurements, as well as certain assumptions and approximations 
that were made in analyzing the data. In Section 3, we then summarize the results of 
our measurements, relating RF-based PASS performance to radio channel 
characteristics where possible. The final sections present a complete summary of the 
environments that were studied and the data that were collected. 

Because the data presented here were collected during field measurements, in 
some cases the RF-based PASS performance does not entirely agree with what might 
be expected theoretically. However, as will be shown, we can generally predict device 
performance based on the proposed attenuation limits described above. 
 
2.0 Measurements of Path Loss and RMS Delay Spread 

The goal of these channel characterization measurements was to provide typical 
values of path loss and RMS delay spread in representative responder environments for 
use in the development of technically sound standards and test methods. The work 
discussed here focuses on RF-Based PASS devices. We measured the wideband 
frequency response and time-delay characteristics of the outside-to-inside channel 
using a measurement system based on a vector network analyzer, shown in the figure 
below. This instrument collects data over a wide frequency range, by stepping through 
frequencies one at a time. This system, described in more detail in [1, 2], lets us 
measure the complex transfer function of the radio propagation channel. Using a free-
space reference measurement, we can then calculate the path loss without including 
the effects of the antenna or other instrumentation. By taking the Fourier transform of 
the measured transfer function, the power delay profile and RMS delay spread of the 
channel may also be found in post processing.  
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We made measurements over a “low” frequency band that ranged from 100 MHz 
to 1.2 GHz, and a “high” frequency band, that ranged from 1 GHz to 18 GHz. The low-
band measurements are reported on here because they coincide with the operating 
frequencies of the PASS devices we tested. We used omnidirectional transmit and 
receive antennas. The beamwidth of the omnidirectional antennas is approximately 40 ° 
to 50 ° in the vertical direction. 

 
 

****Insert Figure 1 here**** 
Figure 1: Wideband measurement system based on a vector network analyzer. Frequency-domain 
measurements, synchronized by the optical fiber link, are transformed to the time domain in post-
processing. Use of this system enables determination of path loss, time-delay spread, and other figures of 
merit important in characterizing modulated-signal transmissions. 

 To make a measurement, the vector network analyzer is first calibrated by use of 
standard techniques where known impedance standards are measured. The calibration 
enables us to correct for the response of the fiber-optic system, amplifiers, passive 
elements, and other electronics used in the measurement. We also high-pass filter our 
measurements in post processing to suppress the large, low-frequency oscillation that 
occurs in the optical fiber link.  
 
2.1 Wideband Frequency Response and Path Loss 

Our wideband measurements provide a complex channel transfer function H(f), 
where H(f) typically is derived from the measured transmission parameter S21(f). To find 
the frequency-dependent path loss between the transmit and receive antennas, we first 
compute |H(f)|2/|Hr(f)|2, where Hr(f) is a free-space reference made at a known distance 
dr from the transmit antenna. The use of a ratio to find the path loss enables us to 
calibrate out the antenna response of the system. Because the antenna response is 
common to both the reference and the measurement, dividing one by the other removes 
the antenna effects from the measurement. We correct the measurements for the free-
space path loss between the transmit antenna and the reference location by dividing 
|Hr(f)|2 by (4dr/ 2. 

The reference may be acquired either during field tests or from a laboratory 
measurement. For the measurements discussed in Section 3, the reference 
measurement distance dr is specified in each case, and the free-space path loss 
corresponding to this distance is added to the path loss. 
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Because the measurements typically involve weak received signals, we use an 
amplifier in the link. To protect the instrumentation and optical fiber link, we include an 
attenuator when we are calibrating the VNA. As a result, the value of this attenuator 
must be added to the overall path loss as well. 

Based on the above discussion, we calculate free-space path loss from our VNA 
measurements as (all quantities expressed in decibels): 

Total Path Loss = 10*log10(|S21(f)|2/| S21r(f)|2) + calibration attenuator + reference 
measurement free-space loss. 
 
2.2 RMS Delay Spread 

The RMS delay spread is a figure of merit that quantifies the time it takes for 
reflections in a received signal to die out. We found the RMS delay spread from the 
measured complex channel transfer function as follows. First, transfer functions were 
windowed by means of a Hamming window to reduced delay-domain sidelobes. This 
technique is often employed with VNA measurements. Then the windowed transfer 
functions were inverse-Fourier-transformed to obtain bandpass channel impulse 
responses. These bandpass channel impulse responses were then downconverted and 
low-pass filtered with a fifth-order elliptic filter to suppress the double-frequency 
components. For a channel impulse response denoted h(ti), the corresponding ith 
(“instantaneous”) power delay profile (PDP) was computed as Pi()=|h(ti)|

2, where  
denotes the decay time and t denotes the time at which the measurement was taken. 

When multiple measurements were available from a particular site, we took the 
average of the instantaneous power delay profiles to compute the RMS delay spread. 
When only a single measurement was available, we found the “instantaneous” RMS 
delay, which provides a rough approximation of the RMS delay spread. RMS delay 
spread is calculated as the square root of the second central moment of the power-
delay profile of a measured signal. The RMS delay spread  can be defined as 

 

 
22 .    

    (1) 

In (1),   is defined as the average value of the power-delay profile in the defined 

dynamic range window, and 2  is the variance of the power-delay profile within this 

window. The figure above shows the power-delay profile for a representative building 
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propagation measurement. The peak level usually occurs when the signal first arrives at 
the receiving antenna, although in high multipath environments we sometimes see the 
signal build up over time to a peak value and then fall off. 
 
 

****Insert Figure 2 here**** 
Figure 2: Power-delay profile for a building propagation measurement. Important parameters for a 
measured signal are the peak level, the maximum dynamic range, the mean delay, and the RMS delay 
spread. 

A common rule of thumb is to calculate the RMS delay spread from signals at 
least 10 dB above the noise floor of the measurement.  For the measurements 
described in the following sections, we used the method described in [2] to determine 
the useful dynamic range of each measurement. Where insufficient dynamic range 
existed, no RMS delay spread was calculated.  
 
2.3 Measurement considerations 
 Several additional factors contributed to the measurement results presented in 
Section 3. We describe them here so that readers will be aware of the approximations 
involved in the propagation channel measurements below. These considerations lead to 
increased uncertainties in the path loss measurements described in Section 3. 
 
2.3.1 Path Loss at 700 MHz 
 The path loss and RMS delay spread data presented in Sections 3 and 5 were 
gathered over the frequency band 725 MHz to 800 MHz (unless noted), rather than at 
the operating frequencies of the RF-based PASS devices. This was done for two 
reasons: First, both the 450 MHz and 900 MHz bands are typically heavily used. 
Collecting propagation channel data that is unaffected by external radio interference is 
difficult, as shown in Figure 3 on the next page. 

NIST also had collected a significant amount of propagation channel data in the 
700 MHz frequency band as part of a study for emergency response use of the newly 
allocated band. We were able to leverage the data collected for that project in our study 
of RF-based PASS performance.  

An analysis was conducted of the difference in received power in the 700-800 
MHz band compared to 400-500 MHz and 900-1000 MHz. Data from measurements at 
a high-rise building (Republic Plaza, Denver, CO) were used. For this analysis, four 
sites were selected: Receive sites 1, 2, 16 and 21 (shown in the diagram in Section 4 of 
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this document). The analysis was conducted by averaging the |S21|2 over the 700-800 
MHz band and comparing that number to the average |S21|2 across another band. 
Between the four sites analyzed, the difference between the band averages ranged 
from 1.50 dB to 3.10 dB depending on the site. The results are presented in the table 
below. 

 
   

Site Number 

Average over 
700-800 MHz 

(dB) 

Average over 
400-500 MHz 

(dB) 

Average over 
900-1000 MHz 

(dB) 

Max. Difference 
(dB), absolute 

value 
1 -20.59 -21.77 -17.49 3.10 

2 -40.58 -38.86 -39.58 1.72 

16 -57.42 -59.95 -58.96 2.53 

21 -60.39 -61.89 -61.75 1.50 

 
It should be emphasized that, due to the potential presence of interferers, the 

400 MHz and 900 MHz values may be incorrect. This comparison simply shows that an 
additional uncertainty in the path loss calculations of around 1 to 3 dB can be expected 
by using the 700 MHz band. 
 
 

****Insert Figure 3 here**** 
Figure 3: The lower red curve in each graph shows the “noise floor” of the VNA measurements made in 
the Denver urban canyon. The large spikes correspond to interference from radio signals present in the 
environment. The upper left graph shows the frequency range from 300 MHz to 1 GHz. Interferers can be 
seen in the mid-400 MHz band and the 900 MHz band. The other graphs show zoomed-in views of these 
bands, and the 725 MHz to 800 MHz band used in the data presented below. Nine measurements were 
taken in the 700 MHz band, with the mean and standard deviation indicated. 

 
2.3.2 Use of Field Reference Files vs. Controlled Environment Reference Files 
  As described above, path loss measurements require the use of a reference file 
to calibrate out the frequency-dependent loss of the antenna and connecting cables. 
The reference measurement is made by placing the receive antenna a known distance 
from the transmit antenna and conducting a VNA measurement. Subsequent 
measurements made at the field test location are corrected using the reference 
measurement. Reference measurements made on site at a field test location can 
include the effects of environmental reflections and interferers. Figure 4 shows two 
reference measurements covering the frequency range from 100 MHz to 1.2 GHz. The 
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top plot shows a 4 m reference made in the Denver Urban Canyon environment 
described in the following sections, while the bottom plot shows a 4 m reference made 
on the NIST open-area test site. The controlled reference measurement is smoother 
and does not show the dips around 400 MHz, 600 MHz, and 1 GHz that the field 
reference shows. 
 
 
 

****Insert Figure 4 here**** 
Figure 4: Graphs showing two different 4 m reference files over the frequency range 100 MHz 

to 1.2 GHz. Top: Denver, CO urban canyon. Bottom: NIST open-area test site. 
 

Based on the graphs in Figure 4 above, it appears to be preferable to use 
reference measurements made in a controlled environment such as an open-area test 
site. However, the controlled-environment tests must be made using the same 
equipment, (antennas, cables, amplifiers, etc.) that were used in the field tests or the 
calibration will have some errors. It was not possible to perform the controlled-
environment reference measurement for all measurements reported in the following 
sections.  
 An analysis was conducted of the difference in path loss when two different 
reference files were used. The data below correspond measurements at five locations 
on the second floor of the Horizon West apartment building, Boulder, CO. It is clear that 
even though the reference files may appear to be quite different, the effect on the final 
path loss result is minimal. 
 

 

Receiver 
Location 

Field Reference 
File (dB) 

Controlled-
environment 

Reference File (dB) 
1 86.13 86.13 

2 82.78 82.79 

3 77.66 77.67 

4 78.34 78.35 
5 91.12 91.12 

 
2.4 References 
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3.0 Data Analysis 

In this section, we discuss the results of NIST measurements of path loss and 
RMS delay spread from several different environments. The presentation of the data is 
designed to assist in classifying propagation environments for development of 
standards for RF-based PASS. The key points that we extract from the data are: (1) 
Typical levels of attenuation and RMS delay spread for representative firefighter 
environments (this will allow us to set limits for lab-based RF-PASS testing); (2) The 
mechanisms that cause the RF-based PASS transmissions to fail, specifically, whether 
attenuation, multipath, or external radio interference the dominant impairment (this will 
allow us to develop appropriate lab-based test methods).  

The data also provide a qualitative comparison of RF-based PASS performance 
with and without repeaters, and at two different frequencies of operation. Note that the 
PASS results are purely qualitative: during testing, the position of the device was slightly 
different from the VNA measurements, the device battery charge was not monitored, 
and numerous other small differences between the tests mean that direct comparison is 
not possible. 

The data presented below are ordered with the environments providing the 
lowest path loss first. We plot the RMS delay spread vs. path loss at each location 
within a structure. The success of a PASS transmission is indicated by a blue circle, the 
failure of a transmission by a red x and a significant delay (over 1 minute) by a green 
diamond. This representation allows us to investigate which mechanisms have the most 
impact on PASS performance. The complete set of graphs follows the discussion in 
Sections 3.1 – 3.3. 
 
3.1 Notes on measurement results 
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 Here we provide additional information on the measurement data collected in 
various radio-propagation environments. Consult the graphs that follow for more 
information. 

 Denver urban canyon – down street, around one corner: This was the only 
outdoor-to-outdoor environment studied. The path loss was between 45 dB and 
90 dB, but the RMS delay spread is as high as 220 ns, one of the larger values 
measured. With few exceptions, the PASS devices operated successfully in this 
environment. 

 Horizon West – 12-story apartment building, floors 2 and 7: The path loss 
was not high, between 75 dB and 100 dB, and the RMS delay spread was less 
than 55 ns on floor two, and 80 ns on floor seven. Still, the RF-based PASS 
transmissions were not successfully received by the base station. A cell-phone 
base station located on the roof of the apartment building may have caused 
interference. 

 Republic Plaza – 60 story office building, floors 1-10 including stairwell: 
Based on measurements at other locations and in the NIST lab, it is evident that 
the path loss values reported in the graph (~70 dB to 115 dB) are too small to be 
realistic for this large structure. In the NIST lab, the RF-based PASS devices 
failed to successfully transmit an alarm at an attenuation level between 
approximately 120 dB and 135 dB, depending on the device. Thus, we expect 
that there was a problem with the measurement of the path loss data shown 
here, perhaps because the PASS base station antennas were not reoriented to 
align with the remote units on the higher floors. The base station antennas likely 
have a null in the vertical direction. We estimate actual path loss to be 20 to 30 
dB higher than the calculated values. The RMS delay spread values ranged from 
50 ns to 400 ns.  

 NIST Building 27 – small main building connected by long subterranean 
tunnel to small back room: Attenuation values ranged from around 85 dB to 
100 dB, and RMS delay spread was generally low, but in one case it jumped to 
250 ns, probably because of multipath in the front building before the signal 
propagated down the hall to the receiver. PASS measurements were not made in 
this structure. 

 NIST Building 24 – office/lab building with basement: Measured attenuation 
values ranged from 95 dB to 115 dB, although the attenuation in the basement 
was actually higher but we were unable to measure it due to limited dynamic 
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range of the VNA test set-up. The RMS delay spread values were low, only up to 
50 ns for the locations we measured. Where there was not enough dynamic 
range to calculate the RMS delay spread, it is plotted as zero. 

 NIST Building 1- office/lab building with long, partly subterranean hallway: 
Measured attenuation values in this structure ranged from 100 dB to 140 dB and 
the RMS delay spread values were up to 100 ns. We were only able to measure 
locations nearest the transmitter because there was insufficient dynamic range to 
acquire path loss and RMS delay spread data. It is expected that the path loss is 
significantly higher deeper into the building. Where there was not enough 
dynamic range to calculate the RMS delay spread, it is plotted as zero.  

 Colorado Convention Center - main entry, one corridor, and downstairs: 
The measured attenuation in this large structure was between 80 dB and 150 dB, 
and the RMS delay spread up to 200 ns. However, our measurement instruments 
had insufficient dynamic range far into the building, so it is anticipated that the 
path loss was much higher than this. Where there was not enough dynamic 
range to calculate the RMS delay spread, it is plotted as zero. 

 
3.2 Typical levels of attenuation  
 Most of the environments we tested provided at least 50 dB of attenuation, 
created by the penetration of signals from outside-to-inside a structure (or vice versa), 
or the distance between transmitter and receiver. Only the outdoor urban canyon 
environment and the shallow apartment building had maximum attenuation less than 
100 dB, which we classify as “low attenuation.” It is expected that typical house 
structures, small commercial buildings (such as small stores in strip malls and office 
buildings with exterior-facing offices) and small-to-moderate sized apartment buildings 
(all apartments with an exterior wall) would provide an environment where the total 
signal attenuation is less than 100 dB. With current technology, it appears that an 
individual RF-based PASS unit (no repeater) can operate successfully in these 
environments, unless external radio interference is experienced, as it was in the Horizon 
West apartment building measurements.  
 Some of the environments we studied had maximum attenuation values between 
100 dB and 150 dB, which we classify as “medium attenuation.” We expect that the 
Republic Plaza building attenuation values were on this order, and the NIST Building 
27. It is expected that moderate-sized structures such as small hospitals, moderate-
sized and tall commercial, office, and apartment buildings would provide an 
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environment with attenuation between 100 dB and 150 dB. With current RF-based 
PASS technology, the use of a repeater can often overcome this level of attenuation. 
 Very large structures and those with subterranean floors can be expected to 
provide attenuation greater than 150 dB, which we classify as “high attenuation.” NIST 
Buildings 24 and 1, and the convention center had these high levels of attenuation. It is 
expected that multiple repeaters would need to be used in such environments, using 
current RF-based PASS technology. A summary is provided in the table below. 
 

 

Classification Attenuation (dB) Typical structures Current PASS 

Low Less than 100 
Houses, small 
buildings with 
exterior-facing rooms 

Single unit 

Medium 100 to 150 
Moderate-sized and 
tall structures with 
some interior rooms 

With repeater 

High Over 150 
Very large structures 
and those with 
subterranean floors 

Multiple 
repeaters 

 
3.3 Mechanisms that cause the RF-based PASS transmissions to fail (attenuation, 
multipath, and external radio interference) 

For the environments we studied, it is clear that attenuation (path loss) is the 
dominant failure mechanism. In almost every case, there is a direct correlation between 
an increasing path loss and the failure of the RF-based PASS device transmission. 
Conversely, there seems to be little correlation between RMS delay spread and success 
or failure of the RF-based PASS. However, most of the environments we studied had 
relatively short RMS delay spread values of 200 ns or less.  

We conclude that lab-based tests providing methods for testing RF-based PASS 
in a controlled attenuation environment would predict device performance in the majority 
of real-world firefighter environments. Tests utilizing various values of attenuation could 
be used to verify device performance in environments having the attenuation 
classifications listed in the table above. 

Additional field tests and analysis should be conducted to determine the level of 
multipath in highly reflective environments such as factories, utility installations, and 
other manufacturing environments, and lab-based tests should be developed if it is 
found that these environments affect RF-based PASS performance. 
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The complete set of graphs described above appear on the next few pages, 
followed by the descriptions of the environments and data in Sections 4 and 5. 

 
Denver Urban Canyon: Transmit site 1 
 

****Insert Denver Urban Canyon: Transmit site 1, Figure 1 here**** 
****Insert Denver Urban Canyon: Transmit site 1, Figure 2 here**** 
****Insert Denver Urban Canyon: Transmit site 1, Figure 3 here**** 

 
Denver Urban Canyon: Transmit site 2 
 

****Insert Denver Urban Canyon: Transmit site 2, Figure 1 here**** 
****Insert Denver Urban Canyon: Transmit site 2, Figure 2 here**** 
****Insert Denver Urban Canyon: Transmit site 2, Figure 3 here**** 

 
Horizon West 12-story apartment building: Floor 2 

 
****Insert Horizon West 12-story apartment building: Floor 2, Figure 1 here**** 
****Insert Horizon West 12-story apartment building: Floor 2, Figure 2 here**** 
****Insert Horizon West 12-story apartment building: Floor 2, Figure 3 here**** 

 
Horizon West – 12-story apartment building: Floor 7 

 
****Insert Horizon West – 12-story apartment building: Floor 7, Figure 1 here**** 
****Insert Horizon West – 12-story apartment building: Floor 7, Figure 2 here**** 
****Insert Horizon West – 12-story apartment building: Floor 7, Figure 3 here**** 
 
Republic Plaza – 60 story office building, floors 1-10 including stairwell. 

 
****Insert Republic Plaza – 60 story office building, floors 1-10 including stairwell, 

Figure 1 here**** 
****Insert Republic Plaza – 60 story office building, floors 1-10 including stairwell, 

Figure 2 here**** 
****Insert Republic Plaza – 60 story office building, floors 1-10 including stairwell, 

Figure 3 here**** 
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NIST Building 27: Small main building connected by long subterranean tunnel to 
small back room. 
No PASS tests conducted, channel characterization only 
 

******Insert No PASS tests conducted, channel characterization only Figure 
Here****** 

 
NIST Building 24: office/lab building with basement 
 

****Insert NIST Building 24: office/lab building with basement, Figure 1 here**** 
****Insert NIST Building 24: office/lab building with basement, Figure 2 here**** 
****Insert NIST Building 24: office/lab building with basement, Figure 3 here**** 

 
NIST Building 1: office/lab building with long, partly subterranean hallway 

 
****Insert NIST Building 1: office/lab building with long, partly subterranean 

hallway, Figure 1 here**** 
****Insert NIST Building 1: office/lab building with long, partly subterranean 

hallway, Figure 2 here**** 
 

****Insert NIST Building 1: office/lab building with long, partly subterranean 
hallway, Figure 3 here**** 

 
Colorado Convention Center: main entry, one corridor, and downstairs 
450 MHz PASS only 

 
****Insert Colorado Convention Center: main entry, one corridor, and downstairs 

450 MHz PASS only Figure here**** 
 

 
4.0 Test Environments 
4.1 Denver Urban Canyon 

Measurements were taken outdoors in the financial district of downtown Denver 
on Saturday, June 20, 2009. This area contains many large (over 20 story) buildings. 
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The figure below left shows an illustration of the test area constructed from a Google 
map view.1 Street widths were on the order of 20 m. Three transmitter (TX) locations 
and eleven receiver (RX) locations were used. Results here are presented for TX1 and 
TX2. The figure below right shows a photograph of the two receiver antennas located at 
position R5 on the corner of Welton and 17th Streets. The diagram below shows LOS 
distances ranged from 10 m to 80 m, with NLOS distances placed every 10 m past R5. 

 

****Insert 4.1 Denver Urban Canyon, Figure 1 here**** 
****Insert 4.1 Denver Urban Canyon, Figure 2 here**** 
****Insert 4.1 Denver Urban Canyon, Figure 3 here**** 

 
4.2 Horizon West Apartment Building, Boulder, Colorado  

This building was the 12-story Horizon West apartment building in Boulder, 
Colorado. The building is constructed of reinforced concrete, steel, and brick with 
standard interior finish materials. The building was fully furnished and occupied during 
the experiments.  Measurements were performed during daytime hours and, as a result, 
people were moving throughout the building during the experiments.  

The base station site was located on the east side of the apartment building, 
approximately 60 m from the building. The locations of the tests are shown in the 
sketch. These measurements were acquired approximately every 5 m down the main 
hallways, as indicated in the figure, on floors 2 and 7 of the building. 

 
****Insert 4.2 Horizon West Apartment Building, Boulder, Colorado, 

Figure 1 here**** 
****Insert 4.2 Horizon West Apartment Building, Boulder, Colorado, 

Figure 2 here**** 
****Insert 4.2 Horizon West Apartment Building, Boulder, Colorado, 

Figure 3 here**** 
****Insert 4.2 Horizon West Apartment Building, Boulder, Colorado, 

Figure 4 here**** 
 

 

                                            
1 © 2009 Google, Map Data © 2009 Tele Atlas. 
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4.3 Republic Plaza, Denver, Colorado 
The Republic Plaza is a 57-story office building in downtown Denver. The 

construction materials are a typical combination of concrete and steel. The interior 
building materials are a combination of metal framing, drywall, and trim, with stone 
finishes in lobby. The exterior is a combination of glass and metal. The photographs 
below illustrate the exterior and interior of the building.  

The receive site, depicted in the sketch, was located on the 17th Street side, 
approximately 10 m from the building. This location was intended to simulate the 
location of a command vehicle in an emergency response scenario.  

Pink numbers on the sketch show the locations within the building where testing 
was conducted. The vertically stacked numbers indicate testing conducted in a stairwell. 
The highest floor tested, the tenth floor, had been gutted in preparation for remodeling, 
as shown in the photographs.  

 
****Insert 4.3 Republic Plaza, Denver, Colorado, 

Figure 1 here**** 
****Insert 4.3 Republic Plaza, Denver, Colorado, 

Figure 2 here**** 
****Insert 4.3 Republic Plaza, Denver, Colorado, 

Figure 3 here**** 
****Insert 4.3 Republic Plaza, Denver, Colorado, 

Figure 4 here**** 
 

Republic Plaza Building, tenth floor level, and ground floor lobby. 
 
4.4 NIST Building 27 
 The entry to this small concrete building is above ground and consists of a room 
approximately 5.5 m (18.0 ft) wide and 7.1 m (23.3 ft) deep, shown in the photograph, 
below left. There are two small windows in the main room. The room is used for storage 
and contains many boxes of electronics equipment, as shown in the photograph, below 
right. The room is connected to a much smaller room by a 24.5 m (80.4 ft) long corridor, 
as shown in the photograph, bottom left. The corridor and small room at the end, which 
is 3 m x 3 m (9.8 ft x 9.8 ft), are below ground and used to access the NIST open-area 
test site. The diagram at the bottom of the page shows the dimensions of the building. 
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****Insert 4.4 NIST Building 27, Figure 1 here**** 
****Insert 4.4 NIST Building 27, Figure 2 here**** 
****Insert 4.4 NIST Building 27, Figure 3 here**** 
****Insert 4.4 NIST Building 27, Figure 4 here**** 

 
4.5 NIST Building 24  

This building consists of offices and laboratories, including a large semi-anechoic 
antenna test chamber approximately 25 m x 6 m. The building footprint is approximately 
30 m x 30 m. The building is constructed of cinder block, concrete, and steel. There are 
few windows except in the offices and storage spaces. There are two levels of 
offices/lab space and a large, open, unfinished basement.  
 The base station was set up immediately outside the building due to construction 
behind the building. Tests were conducted by entering the building on the south side, 
turning west and going down the stairs to the basement, walking to various sites 
throughout the basement, including into an elevator at the end of a hallway, ascending 
the stairs on the north side, and walking down a corridor to the original entry position. 
 

****Insert 4.5 NIST Building 24, Figure 1 here**** 
****Insert 4.5 NIST Building 24, Figure 2 here**** 
****Insert 4.5 NIST Building 24, Figure 3 here**** 

 
 

NIST Building 24: Left side: View from N. Right side: View from W. PASS basestation 
was set up on the picnic table. 

 

4.6 NIST Building 1  

This building is the main building (referred to as the Radio Building) at the NIST 
laboratories in Boulder, CO. The building is constructed of reinforced concrete and is 
basically a four-story building. However, the building is built on a hillside, and 
consequently, some locations in the building are below ground level. Measurements 
were made on the 3rd floor hallway called “Wing 4”, continuing in to “Wing 3” on the 3rd 
floor, around the corner on the “main spine.” The measurements were performed during 
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daytime hours and, as a result, people were moving throughout the building during the 
experiments. 

Two fixed transmit sites were assembled on the south side of the laboratory 
building (see Figure below). The receive site at Wing 4 was located on the loading dock, 
while the receive site at Wing 6 was approximately 10 m from the building. Channel 
measurements were performed with the receiving antennas polarized in the vertical 
direction.  
 

****Insert 4.6 NIST Building 1, Figure 1 here**** 
****Insert 4.6 NIST Building 1, Figure 2 here**** 
****Insert 4.6 NIST Building 1, Figure 3 here**** 

 

NIST Building 1 Corridor. Left side: Wing 4 hallway. Right side: Base station outside 
Wing 6. 
 
4.7 Colorado Convention Center  

This massive three-level structure is constructed of reinforced concrete, steel, 
and standard interior finish materials. The exterior of the building is a combination of 
glass, metal, and concrete. As shown in the sketch, the convention has a basement and 
two above-ground levels.  

The base station was located approximately 10 m from the entrance on the 
Speer Boulevard side. A large lobby area and auditorium were located inside this 
entrance. Testing was conducted only at the points marked by a number in a white 
square. Only one of the PASS devices was tested at the convention center location. 

 
****Insert 4.7 Colorado Convention Center, Figure 1 here**** 
****Insert 4.7 Colorado Convention Center, Figure 2 here**** 
****Insert 4.7 Colorado Convention Center, Figure 3 here**** 
****Insert 4.7 Colorado Convention Center, Figure 4 here**** 

 
 
5.0: Measured Data 
 
5.1 Denver Urban Canyon 
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Location 
and Notes Test Point 

VNA Loss 
Data (dB) 

Path Loss 
@700 MHz 
(mean of 9) 

(dB) 

RMS 
Delay 

Spread 
@700 MHz 
(mean of 

9) (ns) 

908 
MHz 

PASS 
Unit 1 

908 MHz 
PASS 
Unit 2 

450 MHz 
PASS 

Denver 
Urban 

Canyon 
TX1 

1 17.25 58.63 51.70 O O O 

2 5.15 46.53 20.55 O O O 

5 21.01 62.39 107.30 O O O 
 7 34.24 75.62 146.11 O O O 
 9 36.54 77.92 134.68 O X O 
 10 43.48 84.86 210.97 O O O 

TX2 1 36.84 78.22 114.26 O O O 
 2 17.06 58.44 32.49 D O O 
 5 27.65 69.03 81.57 O X O 
 7 40.13 81.51 108.45 O O O 
 9 42.34 83.72 94.84 O X O 
 10 49.71 91.09 NaN O O O 

O = Alarm received 
D = Alarm received with Delay 
X = Alarm not received 
Measurement details 
Calibration Attenuator: 40 dB for the high bands, 20 dB for the low bands 
Note: Denver Urban Canyon data: attenuator in place during measurements. No path 
loss correction for atten needed. 
Reference measurement distance:  4 m (ref. from OATS => 20 dB atten) 
Formula: VNA data + free-space loss = Path Loss 
 

5.2 Horizon West Apartments: 

 

Location 
and Notes Test Point 

VNA Loss 
Data (dB) 

Path Loss 
@700 MHz 

(dB) 

RMS 
Delay 

Spread 
@700 MHz 

908 
MHz 

PASS 

908 MHz 
PASS w/ 
repeater 

450 MHz 
PASS 
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(ns) 

Horizon 
West 

Floor 2 
 
Notes: 
- System 1 
repeater at 
test point 2. 

1 21.41 86.13 24.97 D X X 

2 16.29 82.79 16.09 D X X 

3 16.97 77.67 32.14 D D X 
4 29.74 78.35 18.34 D X X 
5 35.44 91.12 54.28 D X X 
6 26.29 96.82 37.48 X X X 
7 26.34 87.67 48.52 D X X 
8 24.05 87.72 19.72 X X X 
9 24.25 85.43 46.78 D X X 
10 22.38 85.63 31.23 X X X 
11 20.68 83.76 20.06 X X X 
12 25.77 82.06 34.75 D X X 
13 23.47 87.15 46.46 X X X 

Horizon 
West 

Floor 7 

1 28.22 89.60 33.94 D X O 
2 18.68 80.06 24.43 D X O 
3 17.16 78.54 29.79 D X O 
4 35.12 96.50 51.40 D X O 
5 37.71 99.09 52.43 D X O 
6 33.78 95.16 77.07 D X X 
7 34.08 95.46 46.22 D X O 
8 30.62 92.00 41.53 O X X 
9 28.92 90.30 51.29 D X O 
10 31.09 92.47 56.53 D X X 
11 33.51 94.89 47.39 D X X 
12 36.38 97.76 69.66 D X O 
13 28.50 89.88 28.24 D X O 

O = Alarm received 
D = Alarm received with Delay 
X = Alarm not received 
Measurement Details 
Calibration Attenuator: 30 dB for the high bands, 30 dB for the low bands (Chriss 
doesn’t know, but 30dB is in the file name) 
Reference measurement distance:  4 m (OATS, so use 20 dB atten) 
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Note: 2m ref file (collected at Horizon West) gives 10 dB lower PL than OATS ref. 
Formula: VNA data + atten + free-space loss = Path Loss 
 
5.3 Republic Plaza Building: 

 

Location 
and Notes Test Point 

VNA Loss 
Data (dB) 

Path Loss 
@700 MHz 

(dB) 

RMS 
Delay 

Spread 
@700 MHz 

(ns) 

908 
MHz 

PASS 

908 MHz 
PASS w/ 
repeater 

450 MHz 
PASS 

Republic 
Plaza 

Notes: 
- System 1 
repeater at 
test point 2. 

1 7.23 68.61 44.99 O O O 

2 27.06 88.44 39.52 D O O 

3 38.15 99.53 52.30 X X O 
4 37.60 98.98 133.41 X X O 
5 37.18 98.56 81.25 X O O 
6 42.26 103.64 102.78 X O O 
7 46.04 107.42 138.29 X X O 
8 44.88 106.26 104.69 X O O 
9 48.30 109.68 376.10 X X O 
10 45.34 106.72 338.17 X O O 
11 50.25 111.63 167.91 X O O 
12 50.48 111.86 231.57 X O O 
13 50.98 112.36 209.07 X O O 
14 51.82 113.20 192.25 X O O 
15 49.60 110.98 240.20 X O O 
16 44.64 106.02 377.45 X X O 
17 29.28 90.66 296.87 O O O 
18 30.45 91.83 161.75 O O O 
19 42.24 103.62 429.90 O O O 
20 39.30 100.68 333.25 O O O 
21 47.07 108.45 453.47 O O O 

O = Alarm received 
D = Alarm received with Delay 
X = Alarm not received 
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Measurement Details 
Calibration attenuator (atten): 30 dB for the high bands, 10 dB for the low bands 
Reference measurement distance (free-space loss): 4 m (OATS => 20 dB atten used) 
Formula: VNA data + atten + free-space loss = Path Loss 
 
5.4 NIST Building 27 

 

Location 
and Notes Test Point 

VNA Loss 
Data (dB) 

Path Loss 
@700 MHz 

(dB) 

RMS 
Delay 

Spread 
@700 MHz 

(ns) 

908 
MHz 

PASS 

908 MHz 
PASS w/ 
repeater 

450 MHz 
PASS 

Building 27 
Notes: 
- No PASS 
tests yet. 

1LOS 47.26 108.65 228.20 – – – 

2LOS 30.18 91.56 18.40 – – – 

3LOS 22.89 84.27 13.36 – – – 

1NLOS 48.43 109.82 – – – – 

2NLOS 35.61 97.00 15.88 – – – 

3NLOS 21.17 89.55 11.71 – – – 

O = Alarm received 
D = Alarm received with Delay 
X = Alarm not received 
 
Measurement details 
Calibration Attenuator: 40 dB for the high bands, 20 dB for the low bands 
Reference measurement distance:  4 m (ref. from OATS => 20 dB atten) 
Formula: VNA data + atten + free-space loss = Path Loss 
 
5.5 NIST Building 24 Outside-to-Inside: 

 

Location 
and Notes Test Point 

VNA Loss 
Data (dB) 

Path Loss 
@700 MHz 
(mean of 9) 

(dB) 

RMS Delay 
Spread 

@700 MHz 
(mean of 9) 

(ns) 

908 
MHz 

PASS 

908 MHz 
PASS w/ 
repeater 

450 MHz 
PASS 

NIST Bldg 1 37.65 99.03 39.46 O O O 
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24 
Notes: 
- Path Loss 
and RMS 
Delay 
calculated 
with TX 
outdoors. 
- System 1 
repeater at 
test point 2. 

2 46.55 107.93 NaN O O O 

3 53.16 114.54 NaN O O O 

4 – – NaN X O O 

5 – – NaN X D X 

6 – – NaN X D X 

7 – – NaN X O X 

8 52.81 114.19 NaN D D X 

9 51.90 113.28 NaN X D X 

10 – – NaN X O X 

 
O = Alarm received 
D = Alarm received with Delay 
X = Alarm not received 
NIST Building 24 Inside-to-Inside: 
 

Location 
and Notes Test Point 

VNA Loss 
Data 

(mean of 9) 
(dB) 

Path Loss 
@700 MHz 
(mean of 9) 

(dB) 

RMS 
Delay 

Spread 
@700 MHz 
(mean of 

9) (ns) 

908 MHz 
PASS 
(Data 

from TX 
outdoors) 

908 MHz 
PASS w/ 
repeater 

(Data 
from TX 

outdoors) 

450 MHz 
PASS 
(Data 

from TX 
outdoors) 

NIST Bldg 
24 

Notes: 
- Path Loss 
and RMS 
Delay 
calculated 
with TX 
indoors. 
- System 1 
repeater at 
test point 2. 

1 56.29 77.67 41.25 O O O 

2 42.72 64.10 33.88 O O O 

3 48.47 69.85 35.44 O O O 

4 55.50 76.88 35.44 X O O 

5 63.36 84.74 NaN X D X 

6 – – – X D X 

7 – – – X O X 

8 49.16 70.54 41.44 D D X 

9 55.05 76.43 25.89 X D X 

10 62.02 83.40 NaN X O X 

Measurement details 
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Calibration attenuator: 40 dB for the high bands, 20 dB for the low bands 
Ref measurement distance: 4 m (OATS => 20 dB atten): free-space loss=41.38 dB 
Formula: VNA data + atten + free-space loss = Path Loss 
 
5.6 NIST Building 1 Corridor: 

 

Location 
and Notes Test Point 

VNA Loss 
Data (dB) 

Path Loss 
@700 MHz 

(dB) 

RMS 
Delay 

Spread 
@700 MHz 

(ns) 
908 MHz 

PASS 

908 MHz 
PASS w/ 
repeater 

450 MHz 
PASS 

NIST Bldg 1 
Corridor: 
Outside-
Inside 
 
Notes: 
- TX inside 
in “Wing 4” 
- 908 MHz 
repeater at 
test point 8. 

1 49.70 105.06 55.86 O O O 

2 56.21 111.57 53.76 O O O 

3 60.33 115.70 34.10 O O O 

4 70.06 125.70 95.05 O O O 

5 72.33 127.69 88.12 O O O 

6 75.10 133.17 84.00 O O D 

7 73.93 129.29 79.10 O O D 

8 77.80 133.17 72.41 O O X 

9 74.11 129.47 36.93 X D X 

10 84.21 139.57 – X D X 

11 86.41 141.77 – X X X 

12 85.15 140.51 – X D X 

13 87.90 143.26 – X D X 

14 86.47 141.83 – X D X 

15    X O X 

16    O O X 

17    X O X 

18    X O X 

O = Alarm receive 
D = Alarm received with Delay 
X = Alarm not received 
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Measurement Details 
Calibration attenuator: 40 dB for the high bands, 20 dB for the low bands 
Reference measurement distance: 2 m => free-space loss @ 700 MHz = 35.36 dB 
Formula: VNA data + atten + free-space loss = Path Loss 
 
5.7 Colorado Convention Center 

 

Location 
and Notes Test Point 

VNA Loss 
Data (dB) 

Path Loss 
@1 GHz 

(dB) 

RMS 
Delay 

Spread @ 
1 GHz 
(ns) 

908 MHz 
PASS 

908 MHz 
PASS w/ 
repeater 

450 MHz 
PASS 

Colorado 
Convention 

Center 
Notes: 
- 450 MHz 
system 
tested only. 

1 24.65 97.57 85.56 – – O 

2 26.92 103.65 68.19 – – X/O 

3 37.47 113.03 79.60 – – O 

4 55.00 123.16 159.31 – – O 

5 73.05 137.04 180.61 – – D 

6 82.61 137.07 128.77 – – X 

7 91.11 137.51 0 – – X 

8 91.35 137.58 0 – – X 

9 91.74 137.31 0 – – X 

10 92.29 137.47 0 – – X 

11 91.81 137.52 0 – – X 

O = Alarm received 
D = Alarm received with Delay 
X = Alarm not received 
 
Measurement details 
Note: Data shown is for 1 to 1.2 GHz band, horn antenna to omnidirectional antenna 
Calibration attenuator: 30 dB for the high bands, 10 dB for the low bands 
Reference measurement distance: 3 m 
Formula: VNA data + atten + free-space loss = Path Loss 
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6.0 Path Loss 
 
Free space path loss: 

   
2

1010 * log / 4 ,PL d dB   
   

where  
=c/f,  
f=carrier frequency (Hz)  
c= speed of light, 3e8 m/s 

 
At 700 MHz: 
2 m: PL = 35.36 dB 
3 m: PL = 38.89 dB 
4 m: PL = 41.38 dB 
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_______________________________________________________________________________________________
John F. Bender, Underwriters Laboratories Inc.

Revised text as follows:
American National Standards Institute, Inc., 25 West 43rd Street, 4th Floor, New York, NY

10036. ANSI/UL 913,
, 2006, Revised 2010.

ANSI B46.1, Surface Texture, 1978
ANSI S1.13, Methods for Measurement of Sound Pressure Level®, 2005.
ANSI Y1.1, Abbreviations for Use on Drawings and Text, 1972.
ANSI Y14.SM, Dimensioning and Tolerancing, 1982.

Reason: Update referenced standard to most recent revision.

See Committee Action on Proposal 1982-5 (Log #10).
See Committee Statement on Proposal 1982-5 (Log #10).

Affirmative: 22

_______________________________________________________________________________________________
1982-7     Log #16  FAE-ELS

_______________________________________________________________________________________________
Glossary of Terms Technical Advisory Committee,

The Glossary of Terms Committee requests that the term "Annunciator" used in NFPA 1982 be
changed to "Pass Annunciator" or "Audible Alert Component" .

Annunciator. Pass annunciator. The component designed to emit audible signals.
or Annunciator. Audible Alert Component. The component designed to emit audible signals.

NFPA 72, 730, and 731 all use the term Annunciator for a different application and changing the term
in 1982 would eliminate confusion.

Your technical committee has the following options:
a) Adopt the preferred definition
b) Modify the term to make it unique
c) Request that the Standards Council reassign responsibility for the term
d) Request that the standards council authorize a second definition

Revise definition to read as follows:
3.3.2 PASS Annunciator. The component designed to emit audible signals.

The technical committee accepted the recommendation of the Glossary of Terms TAC, and is
utilizing the term "PASS Annunciator."

Affirmative: 22
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_______________________________________________________________________________________________
1982-8     Log #14  FAE-ELS

_______________________________________________________________________________________________
Craig Gestler, Mine Safety Appliances Company

Delete 5.1.8 and replace with:
5.1.8  PASS also shall be labeled as certified at least to the requirements for Class I, Groups C and D; and Class II,

Groups E, F and G, Division II hazardous locations specified in ANSI/ISA-12.12.01,
,

A change to the Division to which a PASS device is certified to in section 7.6 would require a change
to the applicable labeling requirements.  This proposal is valid only if section 7.6 is changed from requiring a Div. 1
approval to requiring a Div. 2 approval.

The technical committee rejected the proposal. The TC accepted the report of the IS task group
presented at the TC meeting in San Diego January 13-14, 2011 which recommended that no change be made.

Affirmative: 22

_______________________________________________________________________________________________
1982-9     Log #12  FAE-ELS

_______________________________________________________________________________________________
Kate A. Remley, National Institute of Standards and Technology (NIST)

Add text to read as follows:

****Insert include 1982_L12_R.doc here****

RF-based PASS have been recently made available commercially.  The 2007 Edition of NFPA does
not include methods to test or verify the performance of RF.-based PASS.  The proposal includes proposed language,
definitions, performance metrics, and test methods for RF-based PASS for possible inclusion in NFPA standard 1982.

The technical committee rejected the proposal. See Committee Proposal 1982-3 (Log #CP3).

Affirmative: 22
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Chapter 6: Design Requirements 
 
6.1.2.5 PASS that, in addition to emitting audible alarms, transmit and receive alarm signals 
through the use of a modulated radio-frequency carrier shall be designated as RF-based PASS. 
The RF-based PASS designation may be used in conjunction with any of the designators given in 
6.1.2.2 through 6.1.2.4. 
 
6.1.2.5.1 The RF-based PASS shall consist of a wireless transceiver contained within the user-
worn PASS unit and a base station transceiver that may be self-contained or designed to operate 
in conjunction with a portable computer. The base station unit must be capable of battery 
operation for up to one hour under alarm conditions. The use of repeaters is not precluded as 
long as their use does not introduce undue latency (delay in transmission or reception) into the 
system. 
 
6.1.2.5.2 The base station shall be designed to emit an audible alarm when the alarm signal 
described in 6.4.3 is activated by the user-worn RF-based PASS unit.  
 
6.1.2.5.3 Both user-worn PASS unit and base station must comply with FCC regulations for 
radio-frequency transmissions for the frequency of operation and transmission format chosen by 
the manufacturer. 
 
6.1.2.5.4 Antennas and/or other peripheral electronic components designed for use with RF-
based PASS shall not interfere with or impede firefighting operations. 
 
6.1.2.5.5 Software used in conjunction with RF-based PASS units shall be updated as necessary 
within six months by the manufacturer for newly released versions of the computer operating 
system for which the software was designed. 
 
6.2.1.5.6 Data logging may be carried out via the RF-based PASS system base station based on 
RF transmissions from the body-worn RF PASS. 
 
 
Chapter 7: Performance Requirements 
 
7.1.2.1.1 The RF-based PASS base station shall be tested for sound pressure level of alarm 
signal as specified in Section 8.2, Sound Pressure Level Tests, and shall not have the alarm 
signal, once activated, be deactivated unless the PASS is reset.  
 
7.15 RF-based PASS shall be tested for reliable wireless transmission and reception of alarm 
signals as specified in Section 8.18, Radio System Tests for RF-Based PASS.  
 
7.15.1 RF-based PASS base station shall automatically emit an alarm signal in response to an 
alarm signal received from the user-worn RF-based PASS within 30 seconds of alarm activation 
under the radio channel conditions specified in Section 8.18. The user-worn RF-based PASS 
shall automatically emit an audible alarm within 30 seconds of alarm activation by the base 
station under the radio channel conditions specified in Section 8.18. 
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7.15.2 RF-based PASS shall be tested in conjunction with the model of base station with which it 
is intended to be deployed. 
 
7.15.3 The Attenuation Test is conducted to determine whether the user-worn PASS will 
operate in an RF propagation channel having a specified level of attenuation. The level of 
attenuation shall be chosen to replicate that expected in certain firefighting conditions, as 
determined in the informational Appendix “NIST Tests of Representative Radio Propagation 
Environments to Support Development of Standards for RF-Based PASS.” 
 
7.15.3.1 The attenuation test is conducted with the base station acting as the receiver and the 
user-worn PASS acting as the transmitter. This configuration is tested because the user-worn 
PASS generally transmits at a lower power level than the base station to conserve batteries and 
thus represents the weaker RF link in the system. 
 
7.15.3.2 The attenuation classifications to be used for the attenuation test shall correspond to a 
total path loss (free space path loss + external attenuation + cable and connector loss) as 
specified in the table below.  
 
 
 

Table 7.15.3.2: Classification of environments for attenuation test. 
Classification Attenuation (dB) Typical structures 

Low Less than 100 
Houses, small 
buildings with 
exterior-facing rooms 

Medium 100 to 150 
Moderate-sized and 
tall structures with 
some interior rooms 

High Over 150 
Very large structures 
and those with 
subterranean floors 

 
 
 
Chapter 8: Test Methods 
 
Section 8.18 Radio System Tests for RF-Based PASS – Attenuation Test 
 
8.18.1 Application. This test method shall apply to all RF-based PASS systems. 
 
8.18.2 Samples.  
 
8.18.2.1 Samples shall be complete PASS. 
 
8.18.2.2 Samples shall be conditioned as specified in 8.1.2. 
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8.18.3 Specimens 
 
8.18.3.1 Specimens for testing shall be complete PASS systems 
 
8.18.3.2 A single RF-based PASS and a single base station are used in each test. Three different 
units shall be tested, for a total of nine tests.  
 
8.18.3.3 The repeaters for RF-based PASS that use repeaters, shall additionally be tested as 
described in future revisions of this standard. 
 
8.18.4 Test Apparatus 
 
8.18.4.1 The attenuation test is conducted with the base station placed in a shielded test chamber. 
The shielded chamber shall have a minimum of 110 dB of isolation below 1 GHz and 100 dB 
above 1 GHz. Manufacturer’s certification of shielding is satisfactory. The test chamber may be 
reflective or anechoic because conducted tests are to be carried out in the test chamber. 
 
8.18.4.2 The room in which the shielded chamber is located shall be constructed of standard 
building materials rather than highly reflective metal walls. Its suitability will be determined in 
Section 8.18.5.3. 
 
8.18.4.3 The base station and PASS unit shall be configured as shown in Figure 8.18.4.3. The 
base station, rather than the user-worn PASS, is placed in the shielded chamber to minimize the 
effect of reflections on the radiation pattern of the user-worn PASS antenna.  
 
8.18.4.4 Separate tests shall be conducted for every RF-based PASS antenna set-up and amplifier 
configuration, if applicable. 
 
8.18.4.5 Unused bulkhead connectors on the shielded chamber shall be terminated in short 
circuits. 
 
8.18.4.6 RF connectors shall be tightened using a appropriate torque wrench. 
 
 
 

****Insert Artwork here**** 
 (a) 

 
****Insert Artwork here**** 

(b) 
 
Figure 8.18.4.3: Test apparatus set up for the Attenuation Test method. 
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8.18.4.5 Test set-up within the shielded chamber 
 
8.18.4.5.1 The base station and control computer, if applicable, shall operate on batteries to 
eliminate coupling of RF signals into the shielded chamber on the power lines. 
 
8.18.4.5.2 For RF-based PASS systems with separate transmit and receive antenna ports, the 
base station transmit antenna shall be left intact (that is, not terminated in a non-radiating load) in 
case coupling of RF energy occurs through that antenna port. This represents the most realistic 
use case. 
 
8.18.4.5.3 The base station receive antenna shall be connected through a shielded coaxial 
cable to a  fixed attenuator of a minimum of 30 dB. The fixed attenuator shall be connected 

variable RF attenuator that operates in 1 dB steps over a minimum 10 dB range, and 
the variable attenuator shall be connected to a feedthrough bulkhead connector on the shielded 
test chamber using a shielded coaxial cable. Type N, SMA, or higher-frequency connectors 
shall be used for all connections. An RF adapter may be used at the antenna port of the base 
station only.  
 
The value of 30 dB for the fixed attenuator was chosen to protect the variable attenuator from 
damage for PASS base stations that have a single transmit/receive antenna port, but small 
enough that the majority of the external attenuation remains outside the test chamber, limiting 
the received RF energy inside. The operator shall ensure that the power rating on the 30 dB 
attenuator is sufficient to prevent damage of the attenuator when the RF-PASS base station is 
operated. The same cables shall be used in each of the nine tests of the PASS system. 
 
8.18.4.5.4 For the case of RF-based PASS systems that utilize multiple receive antennas, each 
antenna port shall be connected to the shielded chamber’s bulkhead connectors as described 
above using identical set-ups: The cables shall be made by the same manufacturer, of the same 
model, length, and connector type (N, SMA, or higher-frequency). The variable attenuators shall 
be of the same model. 
 
 
8.18.4.6 Test set-up for the receive antennas outside the shielded chamber 
 
8.18.4.6.1  A metallic ground plane fixture containing a sufficient number of chassis-mount 
connectors to accommodate the receive antennas from the base station shall be fabricated. The 
receive antennas to be used with the base station unit shall be connected to the chassis-mount RF 
connector on the top side of the metallic ground plane. The ground plane shall have a surface 
area within 120% of the top surface area of the base station unit for antennas mounted directly to 
the base station unit, and no larger than 1 m square for antennas intended to magnetically mount 
on a vehicle. Magnetically mounted antennas shall be attached to the metallic ground plane and 
the RF cables shall be attached to the chassis-mount connectors described above. Pole mounted 
or other self-contained antennas shall not be attached to the metallic ground plane. 
 
8.18.4.6.2 The receive antennas, including the metallic ground plane fixture, if applicable, shall 
be mounted to a dielectric tripod or other stable base made of non-metallic, non-conducting 
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parts. The height of the base shall be 1.5 meters to approximate the height of a firefighter. The 
tripod or other base shall be placed at least 1 meter from the shielded chamber to minimize 
chamber/antenna interactions. 
 
8.18.4.6.3 The chassis-mount connectors on the base of the metallic ground plane shall be 
connected to fixed attenuators having type N or SMA connectors. One RF adapter may be used 
between the chassis-mount connector and the attenuator. Multiple attenuators may be used to 
obtain the specified level of attenuation. The fixed attenuators shall be placed outside the test 
chamber in order to reduce the RF signal level in the test chamber. 
 
8.18.4.6.4 The fixed attenuators shall be connected to the shielded test chamber’s bulkhead 
connectors by a shielded 50 Ω coaxial cable having type N, SMA, or higher-frequency 
connectors.  
 
8.18.4.6.5 For the case of PASS systems using multiple receive antennas, each 
antenna/attenuator assembly shall be connected to the shielded chamber’s bulkheads as described 
above using identical set-ups: The cables shall be made by the same manufacturer, of the same 
model, length, and connector type. The attenuators shall be from the same manufacturer, have 
the same value, and be of the same model.  
 
8.18.4.7 Test set-up for the user-worn RF-based PASS outside the shielded chamber 
 
8.18.4.7.1 The RF-based PASS shall be mounted to a non-metallic, dielectric tripod or other 
stable base placed 3 meters from the receive antenna. The 3 m distance shall be measured from 
the base of the receive antenna to the base of the RF-based PASS. 
 
8.18.4.7.2 The antenna on the user-worn RF-based PASS shall be oriented in the same direction 
as the receive antenna(s).  
 
8.18.5 Procedure. 
 
8.18.5.1 Repeatability. A minimum of three repeat measurements shall be conducted. For each 
repeat, the tripod or other base that supports the RF-based PASS device shall be moved and 
repositioned to the same location. The base station shall be powered down and restarted.  
 
8.18.5.1.1 The base station and RF-based PASS shall establish wireless communication, by, for 
example, leaving the door of the chamber open or reducing the level of the variable attenuator 
within the chamber. The door or covering of the chamber shall then be closed and sealed.  
 
8.18.5.1.2 The RF-based PASS shall be mounted on the transmit test base and alarm condition 
initiated. If the base station receives the alarm, the test chamber shall be opened, the base station 
alarm reset, the attenuation increased. The test procedure shall be repeated until the alarm is not 
received by the base station. This value of attenuation shall be noted.  
 
8.18.5.2.3 If the level of attenuation required to cause the base station to fail to receive the alarm 
signal differs by more than 2 dB from one repeat test to another, the operator shall determine 
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why. The repeatability may be improved, for example, by reducing the level of reflectivity in the 
room containing the test chamber or by improving the shielding of the test chamber. 
 
8.18.5.2 Attenuation Test. A minimum of three repeat attenuation tests shall be conducted for 
each RF-based PASS unit. 
 
8.18.5.2.1 A total attenuation corresponding to the classification for which the RF-based PASS is 
to be certified, as specified in Table 7.15.3.2, shall be inserted between the user-worn RF-based 
PASS and the RF-based PASS base station. The total attenuation consists of a summation of the 
cable and connector losses in the test set-up (to be measured and noted by the operator), the 
summation of all external attenuators inserted, and the free space path loss calculated for a 3 m 
distance at the frequency of operation. The free-space path loss (PL) is given by: 
 

Free space path loss: 
PL = 10*log10[(λ/4πd)2] (dB),  
where  
λ =c/f,  
f=carrier frequency (Hz)  
c= speed of light, 3e8 m/s 

 
Typical values of free space path loss at 700 MHz are: 
2 m: PL = 35.36 dB 
3 m: PL = 38.89 dB 
4 m: PL = 41.38 dB 

 
In summary:  
Total attenuation = Cable Loss + Connector Loss + Free-space Path Loss at 3 m + External 
Attenuators 
 
8.18.5.2.2 The base station and RF-based PASS shall establish wireless communication, by, for 
example, leaving the door of the chamber open or reducing the level of the variable attenuator 
within the chamber. The door or covering of the chamber shall then be closed and sealed. 
 
8.18.5.2.3  The RF-based PASS shall be mounted on the transmit test base and alarm condition 
initiated. The operator shall note whether the alarm was received by the RF-based PASS base 
station. 
 
 
8.18.6 Report. 
 
8.18.6.1 All quantities shall be reported to the nearest decibel. 
 
8.18.6.2 The operator shall note the results of the three repeatability tests specified in 8.18.5.1. 
 
8.18.6.3. The operator shall note the results of the three attenuation tests, including the values of 
(1) Cable loss + connector loss, (2) Free-space path loss at 3 m for the frequency of operation (3) 
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Value of external attenuators used (4) Frequency of operation (the minimum and maximum 
operating frequencies utilized). 
 
8.18.7 Interpretation. 
 
8.18.7.1 Pass or fail performance shall be determined for each specimen. 
 
8.18.7.2 One or more specimens failing this test shall constitute failing performance. 
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_______________________________________________________________________________________________
1982-10     Log #8  FAE-ELS

_______________________________________________________________________________________________
Jack Jarobe, Grace Industries Inc.

Add new text as follows:
All PASS, shall incorporate, as part of the system:
1.  Two way distress/evacuation, individual/team/mass evacuation notification
2.  Electronic personnel accountability
3.  Person to person local distress notification
4.  Automatic electronic PAR checks and Automatic electronic Roll Call

During the development of the 2007 Edition of the PASS Standard, the Technical Committee seriously
considered including electronic distress and evacuation signaling as part of the minimum requirements for the Standard.
However, in the absence of appropriate test methods to determine the reliability of these features they were placed in
the ANNEX of the 2007 Edition.

Recently, NIST made a presentation at the NFPA ESE TC which showed that they have developed the appropriate
testing criteria to determine the reach and penetration of RF Signaling. A number of manufacturers currently offer
products that meet or exceed the features submitted in this proposal. Having commercial products readily available
would allow for these new tests to be validated.

Each year and average of 105 fire fighters die in the line of duty. To address this continuing national occupational
fatality problem, NIOSH conducts independent investigations of fire fighter line of duty deaths. These excellent reports
are very comprehensive and offer specific recommendations to improve firefighter safety.

I carefully reviewed every LODD report posted for the past 10 years (period of December 22, 1999 through February
19, 2009) and discovered many of the same reoccurring problems we continue to see year after year. Fifty two
Firefighters died in the line of duty during the forty incidents selected for this proposal. Had the proposed technology
been in place during this period many, if not most, of these deaths could have been avoided. The four features included
in this proposal are supported by recommendations made by NIOSH Investigators: The most redundant
recommendations germane to this proposal are as follows:

The 40 incidents where these 52 Firefighters perished are included in this proposal review. I did not include the
incident at the World Trade Center on September 11, 2001. However, I did speak with Fire Chief Hayden approximately
six months following the incident.

He told me that they could not get an Evacuation message to the Firefighters in the second tower because the Aircraft
had taken out the repeaters necessary for both “Evac and Mayday” distress signaling. The technology available today
for “Distress and Evac signaling” comes with self contained repeaters dedicated solely for that purpose. They would not
rely on or interfere with radio systems used by the fire or EMS operations.

Had the Command Staff had the benefit of technology which allowed for pushing one button to initiate a “Mass
Evacuation”, all of the Firefighters in that tower had a very good chance of surviving. This technology is readily available
today through a number of manufacturers. It has proven track record for the desired performance in “Super High Rise
Buildings”

The following incidents were cut and pasted from the official NIOSH Line of Duty Death investigations for the period of
December 22, 1999 to February 19, 2009. You can access these reports by going to www.cdc.gov/niosh/fire.

F2009-07   Feb 19, 2009   Volunteer lieutenant and a fire fighter die while combating a mobile home fire - West Virginia
F2008-34   Oct 29, 2008   Volunteer fire fighter dies while lost in residential structure fire - Alabama
F2008-26   Jul 22, 2008   A volunteer mutual aid fire fighter dies in a floor collapse in a residential basement fire -

Illinois
F2008-20   May 06, 2007   Volunteer fire fighter dies while performing exterior fire suppression at a large machine shed

fire - Illinois
F2008-09   Apr 08, 2008   A career captain and a part-time fire fighter die in a residential floor collapse - Ohio
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F2008-08   Mar 05, 2008   Volunteer fire lieutenant killed while fighting a basement fire - Pennsylvania
F2008-07   Mar 07, 2008   Two career fire fighters die and captain is burned when trapped during fire suppression

operations at a millwork facility - North Carolina
F2008-06   Feb 29, 2008   Volunteer fire fighter and trapped resident die and a volunteer lieutenant is injured following

a duplex fire - Pennsylvania
F2008-03   Feb 22, 2008   Nine fire fighters from a combination department injured in an explosion at a restaurant fire -

Colorado
F2007-35   Oct 29, 2007   Four career fire fighters injured while providing interior exposure protection at a row house

fire - District of Columbia
F2007-32   Aug 29, 2007   Two career fire fighters die while making initial attack on a restaurant fire - Massachusetts
F2007-29   Aug 03, 2007   A volunteer mutual aid captain and fire fighter die in a remodeled residential structure fire -

Texas
F2007-28   Jul 21, 2007   A career captain and an engineer die while conducting a primary search at a residential

structure fire - California
F2007-18   Jun 18, 2007   Nine career fire fighters die in rapid fire progression at commercial furniture showroom -

South Carolina
F2007-09   Feb 09, 2007   Career probationary fire fighter dies while participating in a live-fire training evolution at an

acquired structure - Maryland
F2007-02   Nov 23, 2006   Career fire fighter injured during rapid fire progression in an abandoned structure dies six

days later - Georgia
F2006-24   Jun 25, 2006   Volunteer deputy fire chief dies after falling through floor hole in residential structure during

fire attack - Indiana
F2005-04   Jan 23, 2005   Career fire fighter dies while exiting residential basement fire - New York
F2005-03   Jan 23, 2005   Career lieutenant and career fire fighter die and four career fire fighters are seriously injured

during a three alarm apartment fire - New York
F2005-02   Dec 20, 2004   One probationary career firefighter dies and four career firefighters are injured at a two -

alarm residential structure fire - Texas
F2004-37   Apr 08, 2004   Volunteer chief dies and two fire fighters are injured by a collapsing church facade -

Tennessee
F2004-17   Mar 13, 2004   Career battalion chief and career master fire fighter die and twenty-nine career fire fighters

are injured during a five alarm church fire - Pennsylvania
F2004-10   Feb 18, 2004   Career fire fighter dies searching for fire in a restaurant/lounge - Missouri
F2004-04   Dec 16, 2003   Career fire fighter dies of carbon monoxide poisoning after becoming lost while searching

for the seat of a fire in warehouse - New York
F2004-02   Nov 29, 2003   Basement fire claims the life of volunteer fire fighter - Massachusetts
F2002-12   Mar 01, 2002   Volunteer fire fighter killed and career chief injured during residential house fire - Tennessee
F2002-07   Feb 11, 2002   One career fire fighter dies and another is injured after partial structural collapse - Texas
F2002-06   Mar 07, 2002   First-floor collapse during residential basement fire claims the life of two fire fighters (career

and volunteer) and injures a career fire fighter captain - New York
F2001-33   Oct 13, 2001   High-rise apartment fire claims the life of one career fire fighter (captain) and injures another

career fire fighter (captain) - Texas
F2001-18   May 09, 2001   Career fire fighter dies after becoming trapped by fire in apartment building - New Jersey
F2001-16   Mar 08, 2001   Career fire fighter dies after falling through the floor fighting a structure fire at a local

residence - Ohio
F2001-15   Mar 18, 2001   Residential fire claims the lives of two volunteer fire fighters and seriously injures an

assistant chief - Missouri
F2001-13   Mar 14, 2001 Supermarket fire claims the life of one career fire fighter and critically injures another career

fire fighter - Arizona
F2001-08   Feb 17, 2001   Two volunteer fire fighters die fighting a basement fire - Illinois
F2000-44   Nov 25, 2000   Residential house fire claims the life of one career fire fighter - Florida
F2000-26   Apr 20, 2000   Residential structure fire claims the life of one career fire fighter - Alabama
F2000-23   Mar 31, 2000   Career fire fighter dies and three are injured in a residential garage fire - Utah
F2000-16   Mar 03, 2000   Arson fire claims the life of one volunteer fire fighter and one civilian and severely injures

another volunteer fire fighter - Michigan
F2000-13   Feb 14, 2000   Restaurant fire claims the life of two career fire fighters - Texas
F2000-04   Dec 22, 1999   Structure fire claims the lives of three career fire fighters and three children - Iowa
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See Committee Proposal 1982-3 (Log #CP3).

Affirmative: 22
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_______________________________________________________________________________________________
Jack Jarboe, Grace Industries Inc.

New text to read as follows:
All PASS, shall incorporate, as part of the system:
1.  Two way distress/evacuation, individual/team/mass evacuation notification
2.  Electronic personnel accountability
3.  Person to person local distress notification
4.  Automatic electronic PAR checks and automatic electronic Roll Call

All PASS, shall incorporate, as part of the system:
(1)  Two way distress/evacuation, individual/team/mass evacuation notification
(2)  Electronic personnel accountability
(3)  Person to person local distress notification
(4)  Automatic electronic PAR checks and Automatic electronic Roll Call
Substantiation:
During the development of the 2007 Edition of the PASS Standard, the Technical Committee seriously considered

including electronic distress and evacuation signaling as part of the minimum requirements for the Standard. However,
in the absence of appropriate test methods to determine the reliability of these features they were placed in the ANNEX
of the 2007 Edition.

Recently, NIST made a presentation at the NFPA ESE TC which showed that they have developed the appropriate
testing criteria to determine the reach and penetration of RF Signaling. A number of manufacturers currently offer
products that meet or exceed the features submitted in this proposal. Having commercial products readily available
would allow for these new tests to be validated.

Each year and average of 105 fire fighters die in the line of duty. To address this continuing national occupational
fatality problem, NIOSH conducts independent investigations of fire fighter line of duty deaths. These excellent reports
are very comprehensive and offer specific recommendations to improve firefighter safety.

I carefully reviewed every LODD report posted for the past 10 years (period of December 22, 1999 through February
19, 2009) and discovered many of the same reoccurring problems we continue to see year after year. Fifty two
Firefighters died in the line of duty during the forty incidents selected for this proposal. Had the proposed technology
been in place during this period many, if not most, of these deaths could have been avoided. The four features included
in this proposal are supported by recommendations made by NIOSH Investigators: The most redundant
recommendations germane to this proposal are as follows:

● Ensure that fire command always maintains close accountability for all personnel at the fire scene
● Consider ways to enhance the effectiveness of the personnel accountability system
● Ensure personnel accountability reports (PAR) are conducted in an efficient, organized manner and results are

reported directly to the IC
● Use evacuation signals when command personnel decide that all fire fighters should be evacuated from a burning

building or other hazardous area
● Instruct and train fire fighters on initiating emergency traffic (Mayday-Mayday) and on the importance of activating

their personal alert safety system (PASS) device when they become lost, disoriented, or trapped
The 40 incidents where these 52 Firefighters perished are included in this proposal review. I did not include the

incident at the World Trade Center on September 11, 2001. However, I did speak with Fire Chief Hayden approximately
six months following the incident.

He told me that they could not get an Evacuation message to the Firefighters in the second tower because the Aircraft
had taken out the repeaters necessary for both “Evac and Mayday” distress signaling. The technology available today
for “Distress and Evac signaling” comes with self contained repeaters dedicated solely for that purpose. They would not
rely on or interfere with radio systems used by the fire or EMS operations.

Had the Command Staff had the benefit of technology which allowed for pushing one button to initiate a “Mass
Evacuation”, all of the Firefighters in that tower had a very good chance of surviving. This technology is readily available

13Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1982
today through a number of manufacturers. It has proven track record for the desired performance in “Super High Rise
Buildings”

The following incidents were cut and pasted from the official NIOSH Line of Duty Death investigations for the period of
December 22, 1999 to February 19, 2009. You can access these reports by going to www.cdc.gov/niosh/fire

F2009-07—Feb 19, 2009—Volunteer lieutenant and a fire fighter die while combating a mobile home fire - West
Virginia

F2008-34—Oct 29, 2008—Volunteer fire fighter dies while lost in residential structure fire - Alabama
F2008-26—Jul 22, 2008—A volunteer mutual aid fire fighter dies in a floor collapse in a residential basement fire -

Illinois
F2008-20—May 06, 2007—Volunteer fire fighter dies while performing exterior fire suppression at a large machine

shed fire - Illinois
F2008-09—Apr 08, 2008—A career captain and a part-time fire fighter die in a residential floor collapse - Ohio
F2008-08—Mar 05, 2008—Volunteer fire lieutenant killed while fighting a basement fire - Pennsylvania
F2008-07—Mar 07, 2008—Two career fire fighters die and captain is burned when trapped during fire suppression

operations at a millwork facility - North Carolina
F2008-06—Feb 29, 2008—Volunteer fire fighter and trapped resident die and a volunteer lieutenant is injured following

a duplex fire - Pennsylvania
F2008-03—Feb 22, 2008—Nine fire fighters from a combination department injured in an explosion at a restaurant fire

- Colorado
F2007-35—Oct 29, 2007—Four career fire fighters injured while providing interior exposure protection at a row house

fire - District of Columbia
F2007-32—Aug 29, 2007—Two career fire fighters die while making initial attack on a restaurant fire - Massachusetts
F2007-29—Aug 03, 2007—A volunteer mutual aid captain and fire fighter die in a remodeled residential structure fire -

Texas
F2007-28—Jul 21, 2007—A career captain and an engineer die while conducting a primary search at a residential

structure fire - California
F2007-18—Jun 18, 2007—Nine career fire fighters die in rapid fire progression at commercial furniture showroom -

South Carolina
F2007-09—Feb 09, 2007—Career probationary fire fighter dies while participating in a live-fire training evolution at an

acquired structure - Maryland
F2007-02—Nov 23, 2006—Career fire fighter injured during rapid fire progression in an abandoned structure dies six

days later - Georgia
F2006-24—Jun 25, 2006—Volunteer deputy fire chief dies after falling through floor hole in residential structure during

fire attack - Indiana
F2005-04—Jan 23, 2005—Career fire fighter dies while exiting residential basement fire - New York
F2005-03—Jan 23, 2005—Career lieutenant and career fire fighter die and four career fire fighters are seriously injured

during a three alarm apartment fire - New York
F2005-02—Dec 20, 2004—One probationary career firefighter dies and four career firefighters are injured at a two -

alarm residential structure fire - Texas
F2004-37—Apr 08, 2004—Volunteer chief dies and two fire fighters are injured by a collapsing church facade -

Tennessee
F2004-17—Mar 13, 2004—Career battalion chief and career master fire fighter die and twenty-nine career fire fighters

are injured during a five alarm church fire - Pennsylvania
F2004-10—Feb 18, 2004—Career fire fighter dies searching for fire in a restaurant/lounge - Missouri
F2004-04—Dec 16, 2003—Career fire fighter dies of carbon monoxide poisoning after becoming lost while searching

for the seat of a fire in warehouse - New York
F2004-02—Nov 29, 2003—Basement fire claims the life of volunteer fire fighter - Massachusetts
F2002-12—Mar 01, 2002—Volunteer fire fighter killed and career chief injured during residential house fire -

Tennessee
F2002-07—Feb 11, 2002—One career fire fighter dies and another is injured after partial structural collapse - Texas
F2002-06—Mar 07, 2002—First-floor collapse during residential basement fire claims the life of two fire fighters (career

and volunteer) and injures a career fire fighter captain - New York
F2001-33—Oct 13, 2001—High-rise apartment fire claims the life of one career fire fighter (captain) and injures

another career fire fighter (captain) - Texas
F2001-18—May 09, 2001—Career fire fighter dies after becoming trapped by fire in apartment building - New Jersey
F2001-16—Mar 08, 2001—Career fire fighter dies after falling through the floor fighting a structure fire at a local

residence - Ohio
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F2001-15—Mar 18, 2001—Residential fire claims the lives of two volunteer fire fighters and seriously injures an

assistant chief - Missouri
F2001-13—Mar 14, 2001—Supermarket fire claims the life of one career fire fighter and critically injures another career

fire fighter - Arizona
F2001-08—Feb 17, 2001—Two volunteer fire fighters die fighting a basement fire - Illinois
F2000-44—Nov 25, 2000—Residential house fire claims the life of one career fire fighter - Florida
F2000-26—Apr 20, 2000—Residential structure fire claims the life of one career fire fighter - Alabama
F2000-23—Mar 31, 2000—Career fire fighter dies and three are injured in a residential garage fire - Utah
F2000-16—Mar 03, 2000—Arson fire claims the life of one volunteer fire fighter and one civilian and severely injures

another volunteer fire fighter - Michigan
F2000-13—Feb 14, 2000—Restaurant fire claims the life of two career fire fighters - Texas
F2000-04—Dec 22, 1999—Structure fire claims the lives of three career fire fighters and three children - Iowa
Respectfully submitted,
Jack Jarboe, Vice President
Grace Industries Inc.
6430 Weems Ave
Tracys Landing, ND 20779
jackjarboepsc@comcast.net
(w)443-964-8282

See Committee Proposal 1982-3 (Log #CP3).

Affirmative: 22

_______________________________________________________________________________________________
1982-12     Log #7  FAE-ELS

_______________________________________________________________________________________________
Kevin M. Roche, Phoenix Fire Dept., AZ

Revise text as follows:
PASS shall sound the alarm signal specified in 6.4.3 when the PASS does not sense movement for 30 seconds

+5/-0 seconds.
PASS shall be permitted to sound the alarm signal specified in 6.4.3 when the PASS does not sense

movement for 60 seconds +5/-0 seconds.
The alarm signal shall be preceded by a pre-alarm signal as specified in 6.4.2 that shall sound 10 seconds,

+3/-0 seconds before the sounding of the alarm signal.
Most fire service SCBA are purchased with integrated PASS devices.  The current standard requires

pre-alert activation and alarm activation within 30 seconds when the PASS does not sense movement.  This causes
numerous pre-alerts and alarm activations when no emergency exists.  Firefighters used to hearing inadvertent
activations will be less likely to respond to an alarm activation for a firefighter in distress.  Extending the time increment
to 60 seconds will reduce unnecessary activations and improve firefighter safety.  Extension of this time increment will
have minimal impact on the time needed to locate and rescue a firefighter in distress.

The technical committee rejected the proposal after significant discussion. The TC believes that
the increase in time is offset by potential additional risks to a downed firefighter.

Affirmative: 22
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_______________________________________________________________________________________________
1982-13     Log #CP2  FAE-ELS

_______________________________________________________________________________________________
Technical Committee on Electronic Safety Equipment,

Revise text to read as follows:
6.4.2.1 The PASS shall have at least an audible primary pre-alarm signal. The audible primary pre-alarm signal shall be
a distinct and different sound from the alarm signal.
6.4.2.2 In addition to the primary pre-alarm signal, other tones shall be permitted.
6.4.2.3 2 PASS shall be permitted to incorporate a supplementary pre-alarm signal or signals in addition to the audible
primary pre-alarm signal to enhance the ability of the user to detect and identify the pre-alarm status. Supplementary
prealarm signals shall be variable in a continuous pattern or shall be recurrent.
6.4.2.3.2 When activated, the supplementary pre-alarm signal shall not diminish the performance of the audible primary
pre-alarm signal below the requirements of this standard.
6.4.2.3.3 The design of the supplementary pre-alarm signal shall be such that failure of the supplementary pre-alarm
signal shall not affect the activation or operation of the audible primary pre-alarm signal.
6.4.2.7 Cancellation of the sounding of the audible primary pre-alarm signal and cancellation of functioning of the
supplementary prealarm signal(s) shall not require the use of the user’s hand(s).
6.4.2.9 Audible Primary Pre-alarm Signal
The PASS annunciator shall be driven by a pre-alarm sequence consisting of the following 3 steps:

A Type-1 tone pair
A Type-2 tone pair
A Type-3 tone pair

6.4.2.9.1 Type-1 tone pair. A Type-1 tone pair shall consist of a sound that alternates between two tones. The first tone
shall be at a frequency of 1000 ± 1 Hz and shall have a duration of 500 ± 0.5 ms. The second tone shall be at a
frequency of 1260 ± 1.26 Hz and shall have a duration of 500 ± 0.5 ms. The total duration of the Type-1 tone pair sound
shall be 4.000 ± 0.004 seconds.
6.4.2.9.2 Type-2 tone pair. A Type-2 tone pair shall consist of a sound that alternates between two tones. The first tone
shall be at a frequency of 1260 ± 1 Hz and shall have a duration of 250 ± 0.25 ms. The second tone shall be at a
frequency of 1587 ± 2 Hz and shall have a duration of 250 ± 0.25 ms. The total duration of the Type-2 tone pair sound
shall be 4.000 ± 0.004 seconds.
6.4.2.9.3 Type-3 tone pair. A Type-3 tone pair shall consist of a sound that alternates between two tones. The first tone
shall be at a frequency of 1587 ± 2 Hz and shall have a duration of 125 ± 0.125 ms. The second tone shall be at a
frequency of 2000 ± 2.00 Hz and shall have a duration of 125 ± 0.125 ms. The total duration of the Type-1 tone pair
sound shall be 4.000 ± 0.004 seconds.
6.4.3.6 The alarm signal shall be audible in a variable or noncontinuous tone.
6.4.3.76 The alarm signal, once activated, shall not be deactivated by the motion detector.
6.4.3.87 Any action to silence the alarm signal and the actual silencing of the alarm signal shall not permit the PASS to
remain in the off mode.
6.4.3.98 The silencing of the alarm signal shall automatically reset the PASS to the sensing mode.
6.4.3.9 The PASS annunciator shall be driven by an alarm sequence consisting of the following 26 steps:

A Type-1 chirp
A silent interval of 500.0 ± 0.05 ms
A Type-2 chirp
A silent interval of 10.0 ± 0.001 ms
A Type-2 chirp
A silent interval of 10.0 ± 0.001 ms
A Type-2 chirp
A silent interval of 10.0 ± 0.001 ms
A Type-2 chirp
A silent interval of 500.0 ± 0.05 ms
A Type-3 chirp
A silent interval of 10.0 ± 0.001 ms
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A Type-3 chirp
A silent interval of 10.0 ± 0.001 ms
A Type-3 chirp
A silent interval of 10.0 ± 0.001 ms
A Type-3 chirp
A silent interval of 10.0 ± 0.001 ms
A Type-3 chirp
A silent interval of 10.0 ± 0.001 ms
A Type-3 chirp
A silent interval of 10.0 ± 0.001 ms
A Type-3 chirp
A silent interval of 10.0 ± 0.001 ms
A Type-3 chirp
A silent interval of 1500.0 ± 0.15 ms
Following Step 26, the alarm sound shall repeat beginning immediately with Step 1.

6.4.3.9.1 Type-1 Chirp. The Type-1 chirp shall begin with a frequency of 4.000 ± 0.0004 KHz and shall sweep to a
frequency of 2.000 ± 0.0002 KHz using the following method. The Type-1 chirp shall be a binary (on/off) signal
consisting of sequential cycles whose period changes on a cycle-to-cycle basis. The first cycle shall have an on-period
and an off-period of 125 ± 0.0125 microseconds. The second cycle shall have an on-period and an off-period of 125.2 ±
0.01252 microseconds. The on-period and off-period for each succeeding cycle shall continue to be increased by 0.2 ±
0.00002 microseconds until the last cycle, which shall have an on-period and an off-period of 250 ± 0.025
microseconds.
6.4.3.9.2 Type-2 Chirp. The Type-2 chirp shall begin with a frequency of 2.000 ± 0.0002 KHz and shall sweep to a
frequency of 4.000 ± 0.0004 KHz using the following method. The Type-2 chirp shall be a binary (on/off) signal
consisting of sequential cycles whose period changes on a cycle-to-cycle basis. The first cycle shall have an on-period
and an off-period of 250 ± 0.025 microseconds. The second cycle shall have an on-period and an off-period of 249.8 ±
0.02498 microseconds. The on-period and off-period for each succeeding cycle shall continue to be decreased by 0.2 ±
0.00002 midroseconds until the last cycle, which shall have an on-period and an off-period of 125 ± 0.0125
microseconds.
6.4.3.9.3 Type-3 Chirp. The Type-3 chirp shall begin with a frequency of 2.000 ± 0.0002 KHz and shall sweep to a
frequency of 4.000 ± 0.0004 KHz using the following method. The Type-3 chirp shall be a binary (on/off) signal
consisting of sequential cycles whose period changes on a cycle-to-cycle basis. The first cycle shall have an on-period
and an off-period of 250 ± 0.025 microseconds. The second cycle shall have an on-period and an off-period of 249.6 ±
0.02496 microseconds. The on-period and off-period for each succeeding cycle shall continue to be decreased by 0.4 ±
0.00004 microseconds until the last cycle, which shall have an on-period and an off-period of 124.8 ± 0.01248
microseconds.
7.1.1 PASS Audible Primary Pre-Alarm Signal.
7.1.1.1 PASS shall be tested for the sound pressure level of the audible primary pre-alarm signal as specified in Section
8.2, Sound Pressure Level Tests., and the primary pre-alarm signal shall have an initial sound pressure level of 80 dBA
to 95 dBA, shall have the sound pressure level increase in at least two distinct sound pressure level increments within 6
to 10 seconds to at least 100 dBA but not exceed 110 dBA, shall have the sound pressure level remain for an additional
3 to 5 seconds at or above 100 dBA but not exceed 110 dBA, shall have the entire primary pre-alarm signal not sound
for more than 13 seconds, and shall have PASS function properly as specified in 6.4.2. The sound pressure level of the
Type-1 tone pair shall be between 80 dBA and 95 dBA. The sound pressure level of the Type-2 tone pair shall be
between 86 dBA and 104 dBA and shall be at least 6 dB greater than the Type-1 tone pair. The sound pressure level of
the Type-3 tone pair shall be between 100 dBA and 110 dBA and shall be at least 6 dB greater than the Type-2 tone
pair.
7.1.1.2* PASS shall be tested for primary pre-alarm signal frequency as specified in Section 8.14, Signal Frequency
Test, and shall have at least an audible signal, and shall have the primary prealarm as specified in Section 6.4.2.9.
signal consist of a minimum of two primary frequencies, shall have each primary frequency not be less than 1000 Hz nor
more than 2000 Hz, and shall have these frequencies sounded either sequentially or simultaneously.
7.1.2.2 PASS shall be tested for signal frequency as specified in Section 8.14, Signal Frequency Test, and shall have
the alarm signal consist of a minimum of three primary frequencies, at least one of which shall be 500 Hz, ±20 Hz, and
at least two other frequencies shall not be less than 1000 Hz nor more than 4000 Hz; and shall have these frequencies
sounded either sequentially or simultaneously. frequency content as specified in Section 8.14 and shall have the alarm
signal as specified in Section 6.4.3.9.
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8.14.4.2 A frequency analyzer set to measure in either 1⁄12 octave or narrow band connected to a microphone shall be
used to measure the frequencies of the audible primary pre-alarm signal.
8.14.4.3 A sampling digital oscilloscope connected to a microphone shall be used to measure the frequencies of the
alarm signal.
8.14.5.3 A primary frequency shall be at least 6 dB greater than the lowest detectable intensity between 1000 and 2000
Hz. 8.14.5.4 A new primary  frequency shall have a valley of at least 3 dB between the two frequencies being measured.
8.14.5.5 The two primary pre-alarm signal frequencies and the three primary alarm signal frequencies shall be
measured using the frequency analyzer.
8.14.6.1 The two audible primary pre-alarm signal primary signal frequencies shall be recorded and reported.
8.14.6.2 The three alarm signal primary signal frequencies shall be recorded and reported. The alarm signal shall be
recorded at a minimum of 5 mega-samples per second, verified that it meets the requirements of Section 6.4.3.9, and
reported.

The Technical Committee on Electronic Safety Equipment recommends that the PASS pre-alarm and
alarm sounds be standardized so that in the future all PASS devices sound the same. This change will enhance
recognition of both pre-alarm and alarm conditions, particularly when PASS devices from different manufacturers are on
the fireground, as may occur, for example, when mutual aid departments are present. The recommended pre-alarm
sound is defined in Section 6.4.2.9 and is based on sets of two alternating tones. This particular sound is unlike the
recommended alarm sound. The recommended alarm sound is defined in Section 6.4.3.9 and is based on a particular
class of sounds known as chirps, which sweep from one frequency to another. Chirp signals are commonly used in
radar, sonar, and medical imaging systems because of their superior ability to be detected in the presence of competing
noise sources, as typically occurs on the fireground.

Affirmative: 22

FEELY, M.:  sec. 6.4.3.9   a typo exists in the tolerances for the type 3 chirp
sec. 6.4.3.9.2   the frequency mentioned in the type 2 chirp and the type 3 chirp appear to be similar.  Not sure if this
was the intent of the proposal.

GESTLER, C.:  The proposed PASS alarm sound was tested against our existing sound and while the peak SPL value
is roughly equivalent, the average SPL is significantly less due to the longer pauses in the sequence.  It would be
beneficial to increase the average SPL by decreasing the pauses in the sequence, making detection of the PASS alarm
by humans more likely.
In addition, the timing requirements are very difficult to achieve.  The 0.01% tolerance on the silent intervals between the
tones is overly restrictive and the 0.1% tolerances on the frequencies and tone durations may be very difficult to meet.

_______________________________________________________________________________________________
1982-14     Log #6  FAE-ELS

_______________________________________________________________________________________________
Bruce H. Varner, Santa Rosa Fire Department

Change Sections 6.4.3, 7.1.2 and Chapter 8 to provide that the "Alarm Signal" on all PASS devices
meeting the requirements of the standard SHALL provide an identical sound that is clearly identifiable as the "Alarm
Signal".

Currently different manufacturers of PASS utilize different sounds that meet the requirements of the
standard. This can result in confusion on the fire ground as to the meaning of the sounds and a failure to identify a
distress alarm. This is of particular importance when departments are operating in mutual aid scenarios where there
may be multiple brands of PASS devices worn by firefighters from different agencies.

See Committee Proposal 1982-3 (Log #CP3).
The technical committee accepted the proposal in principle, and is providing text to address the

proposal. See Committee Proposal 1982-3 (Log #CP3).

Affirmative: 22
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_______________________________________________________________________________________________
1982-15     Log #1  FAE-ELS

_______________________________________________________________________________________________

John  G. Casali, , Jeff A. Lancaster
Casali and Lancaster of Virginia Tech were asked by NFPA TC/ESE to provide a draft of a test

protocol for acoustic alarms ONLY under NFPA 1800.  This test protocol was presented in draft at the January 2006
meeting.  It was not in final form, and is now under study by a Task Group (TG).  Our concerns with NFPA 1982, 6.4.3.5
and Section 7.1, center on the sound pressure level (SPL), frequency content, and lack of a comprehensive test protocol
(Section 8.2) to verify these parameters, and in addition, to verify the directionality of the alarm that is so critical to
providing localization cues needed by rescuers.  The alarm and its test specification for 1800 should be accommodated
in the 1982 requirements.

In regard to the temperature test on acoustic alarms, we believe that if this type of test is adopted (and we clearly
understand the need for it), there also should be a methodology for relating (analytically) the SPI measured in the
temperature chamber to that obtained in the umbrella 1800 acoustic test protocol. This "predictive" relationship would
likely be quantified via regression equations, and based on a large and diverse test sample of products.

The comment above was meant to convey the complex nature of the issue, and the fact  that the TG
assigned to the issue has not had time to adequately review and discuss the issue by the time of this standard's
comment submission deadline.

The technical committee rejected the proposal because there was no specific recommendation
for change.

Affirmative: 22

_______________________________________________________________________________________________
1982-16     Log #2  FAE-ELS

_______________________________________________________________________________________________

David E. Mills,

***Include 1982_L2_R.doc***

Adding the Audibility Correlation Test During Heat Stress Test) will eliminate the need to have
audibility measuring equipment located inside the variable ambient oven, yet, verify that the samples produce
acceptable results.

The technical committee rejected the proposal as unnecessary because the measuring
equipment is not located in the oven. Also, the proposed test protocol lacks sufficient data to provide meaningful results.

Affirmative: 22
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_______________________________________________________________________________________________
1982-17     Log #3  FAE-ELS

_______________________________________________________________________________________________

Jeff  A. Lancaster,
Add new text to read:

6.13.5 Audibility Correlation Test (During Heat Test).
6.13.5.1 Prior to conducting the Heat Test, the sound pressure output for the PASS device shall be positioned on the

horizontal plane "x" distance from the acoustic measuring device. The sound measuring device shall have the capability
of measuring the A-weighted sound pressure ("x" represents the distance defined by the manufacturer in order to safely
conduct the audibility test). Detailed test methods shall be maintained by the manufacturer.

6.13.5.2 The Heat Test shall be conducted.
6.13.5.3 Following 5 min. of exposures identified in the Heat Test "paragraph TBD", the sound pressure of the sample

shall be recorded using the same method noted in 6.13.5.1.
6.13.5.4 The sound pressure correlation measurement recorded in 6.13.5.1 and 6.13.5.3 shall use linear regression

calculations consisting of a correlation coefficient confidence level of at least 95 percent and a minimum sound pressure
equivalence of "sound pressure dbA TBD".

6.13.5.5 6.13.5.1 through 6.13.5.3 shall be repeated 3 times on 3 separate samples.

Include 1982_L3_S.doc

See Committee Statement on Proposal 1982-16 (Log #2).

Affirmative: 22

_______________________________________________________________________________________________
1982-18     Log #4  FAE-ELS

_______________________________________________________________________________________________

Jason L. Allen, Intertek Testing Services
Add "at a minimum SPL of 75 dBA..." to 500 Hz requirement.

The committee has decided that 500 Hz is an important frequency for location of signals, and should
specify a minimum SPL.

The technical committee rejected the proposal as the TC has eliminated the 500 Hz
requirement from the standard.

Affirmative: 22
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  Rationale: In this method, linear regression can be used to approximate the best fit between two or more data 
points (measured data during Heat Test vs. Anachoic Chamber data) and the minimum sound pressure of 
“TBD” dbA. 
  Audibility Correlation Calculation Method Using Linear Regression: 
  Note that the entire polynomial solution process has not been displayed, only the end result formulas. Detailed 
polynomial information can be found in reference material such as Probabilistic Methods of Signal and System 
Analysis by George R. Cooper and Clare D. McGillem 
  General Theory: 
  Beginning with the equation of a line: y = a + bx 
  Where: 
  y = the minimum sound pressure that must be achieved during the Heat Test. 
  x = the minimum fixed sound pressure, “TBD” 
  a = the intercept point for the sound pressure as measured during the Heat Test 
  b = the slope of the line 
  Scatter Plot Example – Illustrates the best fit for the line for a given distribution of data points. 
 

INSERT Scatter Plot Example HERE 
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  The Correlation Coefficient is a determination ofhow closely the data correlates to a straight line. The 
Correlation Coefficient will range from -1 to +1. At r = -1, the data lands directly on the line with a negative 
slope. At r = +1, the data falls directly on the line with a positive slope. If r = 0, the data cannot be 
approximated at all by the straight line. 
  Correlation Coefficient (r) 
  Calculating the Coefficient b’ is as follows: 
  x = a’ + b’y 
  where 
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  With b’ now defined, the correlation coefficient, denoted as r or R, is: 
   

'r bb  
 
  With the correlation coefficient now determined, using the Variance Explained or Confidence Factor (r2), the 
variance in Y is predicted by the X variable. This means that we can assign a % relationship to the variance to 
best determine if the data obtained is sufficient enough to qualify the results. 
  Variance Explained = r2  100 
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  Example: 
  A pass device is required to produce a minimum sound pressure of 110 dbA. During testing in the Anachoic 
Chamber, three different samples were tested with the following results: 
  Sample 1 – Produced a sound pressure of 115 dbA 
  Sample 2 – Produced a sound pressure of 110.5 dbA 
  Sample 3 – Produced a sound pressure of 112 dbA 
  The sound pressure is to be recorded before and during the Heat Test. The results recorded before the Heat 
Test will help identify the correlating minimum value that must be obtained during the Heat Test. 
  The following sound pressure results were obtained prior to conducting the Heat Test, but while the samples 
were in the variable ambient chamber. 
  Sample 1 – Produced a sound pressure of 87 dbA 
  Sample 2 – Produced a sound pressure of 82 dbA 
  Sample 3 – Produced a sound pressure of 84.5 kbA 
  y = a + bx 
  x = 110 
  slope (b) = 1.0714 
  intercept (a) = -36.03571 
  minimum Heat sound pressure reading (y) = 81.8 dbA 
  r = 0.9643 
  r2 = 0.93% confidence 
  Scatter plot points are illustrated in the following Audibility Correlation diagram 
 
 

INSERT Audibility Correlation Figure HERE 
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_______________________________________________________________________________________________
1982-19     Log #15  FAE-ELS

_______________________________________________________________________________________________
Craig Gestler, Mine Safety Appliances Company

Delete 7.6 and replace with:
7.6 Nonincendive.  PASS shall be tested as being nonincendive as specified in ANSI/ISA-12.12.01,

, and shall meet the requirements for Class I, Groups C and D, and Class II, Groups E,F,G, Division 2
hazardous locations.

A Class I and II , Division 1 approval severely limits the amount of power available to a PASS device.
This limited power results in quieter PASS alarms and shortened run times.  If PASS telemetry is being considered, a
Div 1 approval will limit transmitted power to under 500mW, severely limiting the range and penetration of the telemetry
signal.  In addition, the fire service operates in an environment that is better described by Division 2 where known
explosive environments are not typical but can be expected to be encountered occasionally.

The technical committee rejected the proposal. The TC accepted the report of the IS task group
presented at the TC meeting in San Diego January 13-14, 2011 which recommended that no change be made.

Affirmative: 22

_______________________________________________________________________________________________
1982-20     Log #13  FAE-ELS

_______________________________________________________________________________________________
Michael G. Feely, Boston Fire Department

Add text to read as follows:
A third test shall have the specimen positioned where the annunciator is oriented in a position that will contain the most

water.
PASS devices may be found in many positions when a firefighter is down.  The current test only

reproduces two possible positions.  There is a possibility that a PASS annunicator may fill with water and not be able to
provide the necessary sound level.

Add new text to read as follows:
8.11.4.1.3  A third test shall have the specimen positioned where the annunciator is oriented in a position that will retain
the greatest volume of water.

The technical committee accepted the proposal in principle, and provides the revised text as
shown in the meeting action.

Affirmative: 22
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_______________________________________________________________________________________________
1982-21     Log #5  FAE-ELS

_______________________________________________________________________________________________

David Hodson, Draeger Ltd.
Revise text to read as follows;

PASS shall be tested for resistance to vibration as specified in Section
8.16 Tumble – Vibration Resistance Test. Environmental testing Part 2:  Tests Test Eb and guidance: Bump BS EN
8.16 Tumble – Vibration Test. Environmental testing Part 2: Tests Test Eb and guidance: Bump BS EN 60068 2-29

1993
8.16.5.1 Test in accordance with appendix table 11 40g 6ms 4000 bumps in the as worn direction

This a more reliable test method and will stress the electronic components in a controlled and
repeatable manner.

The technical committee rejected the proposal because it believes this test to be unnecessary.
The TC selected the tumble test that appears in the current edition of NFPA 1982.

Affirmative: 22
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_______________________________________________________________________________________________
1989-1     Log #CP1  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Review entire document to: 1) Update any extracted material by preparing separate proposals to
do so, and 2) review and update references to other organizations documents, by preparing proposal(s) as required.

To conform to the NFPA Regulations Governing Committee Projects.

The technical committee reviewed the entire document to update any extracted material, and
reviewed and update references to other organizations documents. Separate proposals were prepared as required.

_______________________________________________________________________________________________
1989-2     Log #CP5  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Add a new section after existing paragraph 1.3.1 as shown below, and renumber remaining
paragraphs in 1.3.

1.3.2 Where fire fighters encounter an air pipeline with or without a compressor or cascade, they shall take whatever
action necessary to ensure the air in this system meets the air quality standards outlined in NFPA 1989.

The technical committee is proposing this new text to ensure that the air in other breathing air
systems or components of breathing air systems comply with the requirements of NFPA 1989.

_______________________________________________________________________________________________
1989-3     Log #CP3  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Revise text to read as follows:
3.3.13 Delete "...also known as an airline respirator..." from the first sentence.

Text is redundant, it appears again at the end of the definition.

_______________________________________________________________________________________________
1989-4     Log #8  FAE-RPE

_______________________________________________________________________________________________
J. Michael Carlson, TRI Air Testing

Revise text to read as follows:
The accreditation body shall ensure that the laboratory has a written program for calibrating all instruments and

devices used for measurement, including colorimetric tubes.
Problem: Remove redundant text about colorimetric tubes.

Substantiation: The section already says "...all instruments and devices..." so calling out one specific testing technique
is unnecessary.
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_______________________________________________________________________________________________
1989-5     Log #1  FAE-RPE

_______________________________________________________________________________________________
J. Michael Carlson, TRI Air Testing

Revise text to read as follows:
The accredited testing laboratory shall test the samples for breathing air quality levels as specified in Section 5.3

5.6.
Problem: Wrong paragraph referenced.

Substantiation: Air quality is discussed in section 5.6. Section 5.3 is about synthetic air.

_______________________________________________________________________________________________
1989-6     Log #2  FAE-RPE

_______________________________________________________________________________________________
J. Michael Carlson, TRI Air Testing

Revise text to read as follows:
The accredited testing laboratory shall test the samples for breathing air qualily levels as specified in Section 5.3

5.6.
Problem: Wrong paragraph referenced.

Substantiation: Air quality is discussed in section 5.6. Section 5.3 is about synthetic air.

_______________________________________________________________________________________________
1989-7     Log #3  FAE-RPE

_______________________________________________________________________________________________
J. Michael Carlson, TRI Air Testing

Add new text to read as follows:
All air storage cylinders and receivers must be purged of any stored contaminated air, filled with air from a

compressor system with air meeting this standard and tested to the requirements of Section 5.6 prior to being placed
back into service.

Problem: Currently there is no mention in any sections of this document specifically requiring the
purge, fill and testing of storage cylinders and receivers that have contaminated air.

Substantiation: Adding above text sets a minimum level of storage system maintenance and testing.

Add new text to read as follows:
All air storage cylinders and receivers must be purged of any stored contaminated air, filled with air from a

compressor system with air meeting this standard and tested to the requirements of Section 5.6 prior to being placed
back into service.

The technical committee accepted the proposal in part, and added the proposal as a new
section 5.4.2.1.
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_______________________________________________________________________________________________
1989-8     Log #4  FAE-RPE

_______________________________________________________________________________________________
J. Michael Carlson, TRI Air Testing

Revise text to read as follows:
5.5.1 Quarterly Breathing air samples required for Section 5.1 Regular Periodic Testing shall be obtained directly at the

point of air transfer from the breathing air system. The point of air transfer shall be any connection where breathing air
cylinders or receivers are routinely filled. downstream from purification components and prior to or bypassing any
storage cylinders or receivers.

A.5.5.1 The purpose of the air samples take before and after changing the filter is to verify that the compressor is
producing compressed breathing that meets this standard. The purpose is not to test the quality of air stored in cascade
cylinders or receivers, or to test the air at the point of transfer to SCBAs. Therefore, these samples need to be obtained
from a point downstream of the air purification system (but as close to it as possible), and upstream of any air cascade
storage cylinders or receivers. The purpose of the air samples taken during periodic quarterly testing is to ensure the
compressor is producing compressed breathing air that meets this standard. The cascade systems or receivers that are
being filled by the compressor system being tested do not need to be tested during every quarterly periodic testing cycle
as long as there are required documented tests showing that the air in the cascade system meets this standard at some
point and the compressor system filling the cascade or receivers has continuously met the standards required by
sections 5.1 and 5.2. The quarterly samples test the compressed breathing air that is transferred to the SCBA.
Therefore, these samples need to be obtained at the point of transfer to the SCBA breathing air cylinders downstream of
the cascade storage cylinders or receivers.

A.5.5.2 The purpose of the air samples taken before and after changing the filter is to verify that the compressor is
producing compressed breathing that meets this standard. The purpose is not to test the quality of air stored in cascade
cylinders or receivers, or to test the air at the point of transfer to SCBAs. Therefore, these samples need to be obtained
from a point downstream of the air purification system (but as close to it as possible), and upstream of any air cascade
storage cylinders or receivers. Any time a compressor system fails to meet this standard all cascade systems and
receivers supplied by the compressor must be purged, refilled with air from the compressor that has passed this
specification and tested to the requirements of this standard before being placed back into service.

Problem: As currently written paragraph 5.5.1 periodic quarterly testing may not find all compressors
that fail this standard since air is tested at air transfer points not necessarily as produced by the compressor. The air
being produced by a failed compressor would mix with residual air in the cascade or receiver and therefore could pass
this standard. Also, some components such as oil mist and particulate matter could be captured within the cascade
system. Eventually the contamination could become such a load that it makes it out of the air transfer point, but by then
the whole system is contaminated.

Substantiation: Performing the air sampling on the compressor system prior to where the air enters a cascade or
receiver would find problems at an earlier stage and therefore bring an increased level of safety to users.

_______________________________________________________________________________________________
1989-9     Log #5  FAE-RPE

_______________________________________________________________________________________________
J. Michael Carlson, TRI Air Testing

Revise text to read as follows:
5.5.2 .When changing the breathing air system's purification components, two air samples shall be taken as required

by Section 5.2 Special Testing and Procedures for Maintenance Conditions.
Problem: As currently written it is too easy for users to not understand where to apply the information

in section 5.5.2 and its subparagraphs.
Substantiation: Specific reference to the applicable paragraph numbers makes section 5.5.2 clearer to the user.
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1989-10     Log #CP6  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Add a new Section 5.7 and paragraph A.5.7 as follows:
5.7 Posting Requirements.
5.7.1 The accredited testing laboratory shall provide quality assurance signage for all cylinder recharge areas utilized

by the AHJ.
5.7.2 All worded portions of the sign shall be at least in English.
5.7.1.1 The quality assurance sign shall bear the following compliance statement legibly printed, and all letters and

numbers shall be at least 25 mm (1 in.) in height:

“THIS BREATHING AIR HAS BEEN TESTED TO THE REQUIREMENTS OF NFPA 1989 (2013)”

5.7.3* The sign shall have an expiration date 90 days from date of air quality testing for compressed air systems, and
365 days from the date of purge and refill for storage cylinders independent of a compressed air system, and all letters
and numbers shall be at least 6 mm (1/4 in.) in height.

5.7.4 The AHJ shall post the quality assurance signage in a conspicuous location within 6 feet of the compressor
and/or any storage cylinders used to recharge emergency services SCBA or as a supplied air source.

A.5.7.3 Stored compressed breathing air should be replaced at least annually.
The technical committee believes that this proposal facilitates quality assurance for end users and

alerts them to the condition or status of the breathing air system.

_______________________________________________________________________________________________
1989-11     Log #CP4  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Add a new paragraph 7.1.6 as follows:
7.1.6 A breathing air system that uses a flexible line to supplies air to an SCBA cylinder outside of containment or to a

storage cylinder/cascade system shall have an indicating dessicant dryer installed at the discharge end of that line.
7.1.6.1 The required quarterly air sample (5.1.1) shall not be taken downstream of this extra dryer.

Flexible lines use metal mesh or woven fiber to provide the strength to withstand the high pressure
and polymeric material to actually contain the air.  All polymeric materials will allow water to permeate  to some extent.
When air is passed through this flexible line water vapor will be added to the dry air inside the line possibly putting it
over the allowed water content.  This extra dryer will remove any such water vapor.  The required quarterly test should
be taken without the help of this extra dryer.  The system itself up stream of the flexible line must be capable of
producing air that meets the water requirement.

_______________________________________________________________________________________________
1989-12     Log #CP2  FAE-RPE

_______________________________________________________________________________________________
Technical Committee on Respiratory Protection Equipment,

Add a new 7.4.1, and renumber the subsequent paragraphs in the current section:
7.4.1 The organization shall require that all air quality test results include the name of the testing labs' accrediting body

and the lab's current designation by that body.
Currently fire departments have no method to verify current accreditation.
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1989-13     Log #6  FAE-RPE

_______________________________________________________________________________________________
J. Michael Carlson, TRI Air Testing

Add new text to read as follows:
A5.5.3 Allowing compressed breathing air to flow through the fill hose for 1 minute will purge the line of room air and

contaminates. Rubber and other polymeric materials will slowly pass water vapor through their structure by the process
of permeation. The amount of water vapor that passes through under a given set of conditions is a function of the
surface area of the polymeric material involved This means a longer length of hose will admit more water vapor into the
air stream than a shorter length of hose and could result in moisture levels above the requirements of this standard.
Therefore, one should try to minimize using long lengths of hose (longer than ten feet). If one does need to use longer
lengths of hose the hose should be stored with dry air inside and not open to the atmosphere which contains large
amounts of water. Dry air in a stored hose should be under slight positive pressure. High pressure is not required and
could be dangerous.

Problem: Some compressed air hoses can be very long such as 100 feet. If open to the atmosphere
and then used they can contribute moisture to the compressed air moving through the hose. Users need to be aware
that long hoses can lead to out of specification air. Users also need a suggested method to minimize the conditions that
could create out of specification air.

Substantiation: In our laboratory we have seen compressed air samples from multiple customers that failed moisture
tests where the source of the moisture was attributed to the use of long lengths of hose during the air sampling.

See Committee Action on 1989-11 (Log #CP4)
The technical committee accepted the proposal in principle, and directs the reader to 1989-11

(Log #CP4)

5Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1989
_______________________________________________________________________________________________
1989-14     Log #7  FAE-RPE

_______________________________________________________________________________________________
Ronny J. Coleman, FireForceone

Add New Chapter to document – proposed title – Firefighter Breathing Air Replenishment Systems
Installed in Structures

I envision this chapter consisting of essentially the following language:
Proposed Language for insertion in NFPA Standard 1989:

***Insert Include 1989_L7-here***
I am requesting that NFPA Standard 1989 Breathing Air Quality for Fire Emergency Services

Respiratory Protection add an additional chapter to deal with the development of firefighter breathing air replenishment
systems that are being installed within complex structures for the purpose of replenishing firefighter air under emergency
conditions.

The standard currently states that its purpose is “to establish minimum quality requirements for breathing air, including
the sampling and testing methods for determining air quality.” Furthermore, section 1.2.2 states “the purpose of this
standard shall also be to establish criteria for a safe supply of breathing air for fire and emergency service personnel.”

Firefighter breathing air replenishment systems are permanently installed high pressure breathing air systems
designed to allow firefighters to replenish their breathing apparatus at the scene of emergencies within close proximity of
the incident. These systems are built directly into the structure as a form of “air standpipe” and contain specific breathing
air components that have potential impact on firefighter safety.

The NFPA 1500 standards established for SCBA breathing air replenishment within the fire station were naturally
transitioned to the Mobile Air Unit in NFPA 1901, bringing the technology for breathing air replenishment closer to the
site of an emergency event. This capability has now moved into the next phase by being able to provide SCBA
breathing air replenishment within the complex structures themselves via the installation of a firefighter breathing air
replenishment system.

A new chapter in 1989 is required to deal with the natural evolution of this relatively new application for breathing air
technology. Over 75 firefighting agencies nationwide have already adopted local ordinances and incorporated these
systems into a variety of risks. They include: high-rises, subways, tunnels, and mega structures. There are now over
150 known installations in place with a potential for a significant increase in these installations over the next decade.
The lack of direct reference within the NFPA process has been identified as a concern. The concern is that without an
adequate nationally recognized installation standard, poorly designed breathing air replenishment systems could be
installed. This could compromise the safety of firefighters.

Currently there is a document that does describe these systems. That document is the IAPMO - UPC Plumbing Code,
2009 Edition, Appendix F. However, 2009 UPC Plumbing Code is not widely adopted in all of the states in which the fire
service is using breathing air replenishment systems to respond to emergencies. As an example, only 14 out of 50
states adopted the UPC code in 2009. The FBARS is currently incorporated as an appendix rather than a chapter,
rendering it even less effective. In many areas where local ordinances for firefighter breathing air replenishment systems
(FBARS) have been adopted, Appendix F has not been adopted by the Authority Having Jurisdiction. While breathing
apparatus and breathing air systems are mentioned in many NFPA Standards, i.e. 1404, 1500, 1981, 1989 and 1901,
UPC Appendix F is not cross-referenced to any of the relevant NFPA Standards. There is no correlation or coordination
to the NFPA Standards making process. The IAPMO Process does not have the type of firefighter representation that is
present in the NFPA Standards making process. It cannot provide the type of reference that is desirable for a technology
that is being installed on such a widespread basis. An NFPA document would be more appropriate to contain these
requirements.

Increasing interest in this technology is raising the visibility of this need. As recent as the May-June issue of the NFPAs
Journal, there was a column by Kathleen H. Almand, writing for The Fire Protection Research Foundation where she
states “One of the major tasks of the NFPA’s committees and panels is to integrate new technology into our codes and
standards.” This proposal is an opportunity to accomplish that integration.

If it would be beneficial, we are prepared to send a representative to the next meeting of the NFPA 1989 Committee on
October 6-8th in San Diego to present documentation to support this recommendation.

The technical committee rejected the proposal because it does not believe it is within the

6Printed on  9/27/2011



Report on Proposals  –  November 2012 NFPA 1989
scope of this standard to specify the minimum requirements for the design, fabrication, engineering, installation, testing,
and maintenance of a firefighter breathing air replenishment system installed within a high-rise building or other complex
structure for use under emergency conditions. However, the air from these systems shall meet the requirements of
NFPA 1989 per NFPA 1500, , paragraph 7.10.
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  Definition: Air Support Vehicle (ASV). See Mask Services Unit. 
  Definition: FBARS. An acronym for Firefighter Breathing Air Replenishment Systems. 
  Definition: Firefighter Breathing Air Replenishment System. A complete, self-contained 

breathing air replenishment system permanently installed within a high-rise building or 
other complex structure providing a means for fire department personnel to safely and 
reliably refill empty self-contained breathing apparatus cylinders within close proximity 
to the location of the incident. FBARS are designed to be utilized under emergency 
conditions by emergency personnel within that building or structure.  

  Definition: High-Rise Building. A building where the floor of an occupiable story is greater 
than 75 ft (23 m) above the lowest level of fire department vehicle access. [5000, 2009] 

  Definition: Mask Services Unit (MSU). A fire service vehicle that has been designed to 
provide additional air supplies and/or repair or replacement equipment to support the 
use of emergency services personnel that are wearing self-contained breathing 
apparatus. The vehicle shall have a portable compressor capable of providing pressures 
required to sustain a minimum of 32 field units. May also be designated as an air 
support vehicle (ASV).  

  Definition: SCBA. An abbreviation for self-contained breathing apparatus. An atmosphere-
supplying respirator that supplies a respirable air atmosphere to the user from a 
breathing air source that is independent of the ambient environment and designed to be 
carried by the user. [1981, 2007, 3.3.39; 3.3.40]  

  New Chapter 
  X.1 General. This chapter describes the minimum requirements for the design, fabrication, 

engineering, installation, testing, and maintenance of a firefighter breathing air 
replenishment system installed within a high-rise building or other complex structure 
for use under emergency conditions. Where a firefighter breathing air replenishment 
system is installed within a high-rise building or other complex structure the 
requirements of this chapter shall apply.  

  X.1.1 Firefighter Breathing Air Replenishment System (FBARS). Firefighter breathing air 
replenishment systems may be designed to operate with or without the immediate need 
of a fire department air support vehicle. An FBARS consists of the following elements: 

  1. A method for utilizing Mask Services Units/Air Support Vehicles to provide breathing air 
into an air standpipe system; 
  2. Piping that connects all of the components together into an assembly that meets the needs 
of air replenishment for emergency crews; 
  3. A method of connecting firefighter self-contained breathing apparatus worn by 
emergency crews into a refilling system staged within a structure; 
  4. Spacing and location of filling stations to reduce travel time to refill locations; 
  5. Criterion for onsite air supply storage; 
  6. Criterion for air monitoring and quality control systems;  
  7. Criterion for breathing air compressors; 
  8. Commissioning process to ensure quality control; 
  9. Test and measurements for ongoing air quality control. 

  X.1.2 Purpose. To strategically place a breathing air replenishment system in high-rise 
buildings or other complex structures; to allow firefighters to replenish empty breathing 
air cylinders within close proximity of the incident; to reduce the amount of travel 
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distance, time and equipment needed for logistical support; and thus maximize 
firefighter safety and effectiveness. 

  X.1.3 Provisions. This system shall be considered a “life safety system” designed to provide a 
safe and reliable source of breathing air replenishment. Pressurized components of the 
FBARS shall be listed, approved and certified by a nationally recognized testing and 
research facility. FBARS shall meet the requirements of Chapter 5 Air Quality 
Requirements, Chapter 6 Test Methods, and Chapter 7 Compressed Breathing Air 
Systems; NFPA 70, National Electrical Code; NFPA 72 National Fire Alarm and 
Signal Code, 2010 Edition, Chapter 14 and 26; NFPA 1500 Standard on Fire 
Department Occupational Safety and Health Program, 2007 Edition; NFPA 1981 
Standard on Open-Circuit Self-Contained Breathing Apparatus (SCBA) for Emergency 
Services, 2007 Edition; NFPA 1901 Standard for Automotive Fire Apparatus 2009 
Edition, Chapter 24 Air Systems.  

  X.1.3.1 Design criteria for all pressure containing components shall be satisfied with a 
minimum working pressure of 5,000 PSIG at 70o F with a safety factor of 4:1. 

  X.1.3.2 Compressor and booster supplied systems shall be capable of storage and operation in 
any ambient temperature between 32°F and 110°F (0°C and 43°C).  

  X.1.3.3 Cascade and bulk air systems shall be capable of storage and operation in any ambient 
temperature between 0°F and 110°F (–18°C and 43°C).  

  X.1.3.4 The air system shall be designed so that it can be operated in environments with relative 
humidity up to and including 100 percent.  

  X.1.3.5 All materials used in the air system shall be corrosion resistant or treated to resist 
corrosion unless the finished product will be in continual contact with a noncorrosive 
lubricant.  

  X.2 Assembly and Installation Practices. 
  X.2.1 All electrical, low voltage and supervisory signal components, equipment, and 

installation procedures shall conform to NFPA 70, National Electrical Code; and 
NFPA 72 National Fire Alarm and Signal Code, 2010 Edition, Chapter 14 and 26; 

  X.2.2 All screws, pins, bolts, and other fasteners whose failure would create a hazardous 
condition for personnel or equipment shall be equipped with locking devices.  

  X.2.3 Safety wire, self-locking nuts, cotter pins, lock washers, and liquid-locking compounds 
shall be acceptable.  

  X.2.4 Each part utilized in the fabrication of the FBARS and its components shall be designed 
for use in compressed breathing air service at pressures, temperatures, and flow rates 
that will be encountered during actual air system operation.  

  X.2.5 Discharge air from a compressor shall pass through a purification system prior to 
distribution.  

  X.2.6 Prior to the initial air quality test and commissioning, the FBARS shall be purged with 
pure air until moisture and other contaminants have been removed.  

  X.3 Maintainability. 
  X.3.1 The design of the FBARS shall provide for maintainability by including, but not 

necessarily being limited to, the following maintainability objectives and technical and 
operational constraints:  

  X.3.2 The design shall be such that faults can be isolated to allow access to removable 
assemblies or components.  
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  X.3.3 Breathing air components, mechanical joints, electrical panels and junction boxes shall be 
readily accessible.  

  X.3.4 The physical arrangement of components shall be such that they can be inspected, 
serviced, calibrated, and, if necessary, adjusted without being removed and with 
minimum disturbance to other components.  

  X.3.5 The design shall be such that inspection, service, and replacement can be accomplished 
using a minimum of special tools and support equipment.  

  X.3.6 Test points shall be provided to facilitate malfunction isolation and the connection of 
calibration and test instrumentation.  

  X.3.7 If special tools are required to service or maintain the breathing air system, those tools 
shall be supplied by the installing contractor or manufacturer.  

  X.4 Performance Requirements. The FBARS shall be designed to fill at the most remote air 
cylinder fill station, a minimum of two (2) empty 45 standard cubic foot compressed 
breathing air cylinders to a maximum pressure of 4,500 PSIG simultaneously in three 
(3) minutes or less. 

  X.5 Materials of Construction. All pressurized materials used in the construction shall be 
suitable for high pressure breathing air at minimum operations of 5,000 PSIG at 70o F 
with a safety factor of 4:1. All pressurized components shall meet the requirements of 
ANSI 331 and ASME Section IIIV Codes. The internal service of all components shall 
be kept free of contamination, especially hydrocarbons, so the air contained within the 
system meets Chapter 5, Air Quality Requirements.  

  X.6 Isolation. The FBARS shall be arranged in such a way that when an Air Support Vehicle is 
supplying air to the system, the supply from the ASV may be isolated from on-site air 
storage vessels and directed to a main riser by the use of readily accessible selector 
valves. This will allow breathing air to be supplied directly from the air support vehicle 
to remote fill stations. 

  X.7 Components. 
  X.7.1 Exterior Operator Control Panel.  
  X.7.1.1 Systems designed for use with a Mask Services Unit (MSU) or Air Support Vehicle 

(ASV) shall be designed to allow the air support vehicle to interconnect with the system 
from an accessible exterior panel location, allowing a constant supply of air from the 
vehicle to the installed FBARS system.  

  X.7.1.2 The exterior operator control panel shall be attached to the building or on a remote 
monument.  

  X.7.1.3 The panel shall be secured inside of a weather-resistant enclosure. The enclosure shall 
be visible and accessible on approach to the building and shall be maintained with 
unobstructed view and access.  

  X.7.1.4 The panel location shall be approved by the AHJ.  
  X.7.1.5 The panel shall meet the requirements of NFPA 1901 Standard for Automotive Fire 

Apparatus 2009 Edition Chapter 24 Air Systems, Section 24.8. 
  X.7.2 Interior Air Cylinder Fill Station.  
  X.7.2.1 Air cylinder fill stations shall be inter-connected directly to the main air supply.  
  X.7.2.2 Air cylinder fill stations shall be located in a fire resistive enclosure directly accessible 

to the fire department access paths. Air cylinder fill stations shall be located such that 
means of egress are not obstructed.  
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  X.7.2.3 Intermediate air cylinder fill station(s) shall be installed in a location specified by the 
AHJ.  

  X.7.2.4 Each air cylinder fill station shall have the capability of being isolated from the 
remainder of the system by means of isolation valves.  

  X.7.2.5 The interior air cylinder fill stations shall be capable of replenishing a minimum of four 
(4) empty 45 cubic foot, 4,500 PSIG breathing air cylinders within six (6) minutes or 
less. The air cylinder fill station shall provide for the refilling of breathing air cylinders 
in accordance with NFPA 1901, Standard for Automotive Fire Apparatus, 2009 
Edition, Chapter 24, Air Systems Section 24.9.  

  X.7.2.6 The design of the air cylinder fill station shall, in a life threatening emergency, provide 
for the direct refilling of breathing air cylinders by means of a discharge outlet with a 
minimum of one (1) cylinder filling hose that shall have a female quick connect 
coupling. The female coupling shall be designed to connect to a male quick connect 
coupling and be compatible with the fire departments SCBA apparatus, The assembled 
coupling shall meet the construction, performance and dimensional requirements of 
NFPA 1981, Standard on Open Circuit Self-Contained Apparatus for Fire and 
Emergency Services, 2002 Edition, Chapter 6, Section 6.4. The use of the discharge 
outlet shall be in accordance with NFPA 1981 Standard on Open-Circuit Self-
Contained Breathing Apparatus (SCBA) for Emergency Services, 2007 Edition Section 
3.3.34. 

  X.7.3 Interior Air Cylinder Fill Panel.  
  X.7.3.1 Air cylinder fill panels shall be inter-connected directly to the main air supply.  
  X.7.3.2 Air cylinder fill panels shall be located in a fire resistive enclosure directly accessible to 

the fire department access paths. Air fill panels shall be located such that means of 
egress are not obstructed.  

  X.7.3.3 Intermediate air fill panels (s) shall be installed in a location specified by the AHJ.  
  X.7.3.4 Each air cylinder fill panel shall have the capability of being isolated from the 

remainder of the system by means of isolation valves.  
  X.7.3.5 The interior air cylinder fill panel shall be capable of replenishing a minimum of two 

(2) empty 45 cubic feet at 4,500 psig SCBA cylinders simultaneously within three (3) 
minutes or less.  

  X.7.3.6 Each air cylinder fill panel shall be installed in a metal cabinet constructed of minimum 
18-gauge carbon steel or equivalent.  

  X.7.3.7 With the exception of the shutoff valve, pressure gauges fill hoses and ancillary 
components all components shall be contained behind a minimum 18-gauge interior 
panel.  

  X.7.3.8 Hinges for the cabinet door shall be located inside of the cabinet.  
  X.7.3.9 A minimum of 20% of the door surface area shall be constructed of tempered glass. The 

thickness of the glass shall not be greater than 1/8-inch. 
  X.7.3.10 The design of the cabinet shall provide a means for storing the hose to prevent 

kinking. When the hose is coiled, the brackets shall be installed so that the hose bend 
radius is maintained at 4 inches or greater.  

  X.7.3.11 The design of the air cylinder fill panel shall, in a life threatening emergency, provide 
for the direct refilling of breathing air cylinders by means of a discharge outlet with a 
minimum of two (2) cylinder filling hoses that shall have a female quick connect 
coupling. The female coupling shall be designed to connect to a male quick connect 
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coupling and be compatible with the fire departments SCBA apparatus. The assembled 
coupling shall meet the construction, performance and dimensional requirements of 
NFPA 1981, Standard on Open Circuit Self-Contained Apparatus for Fire and 
Emergency Services, 2007 Edition, Chapter 6, Section 6.4. The use of the discharge 
outlet shall be in accordance with NFPA 1981 Standard on Open-Circuit Self-
Contained Breathing Apparatus (SCBA) for Emergency Services, 2007 Edition Section 
3.3.34. 

  X.7.3.12 The air cylinder fill panel shall meet the requirements of NFPA 1901 Standard for 
Automotive Fire Apparatus, 2009 Edition Chapter 24 Air Systems. 

  X.7.4 Air Storage System.  
  X.7.4.1 FBARS designed with on-site air storage to supply firefighters with air replenishment 

prior to the arrival of an air support unit shall be capable of refilling a minimum of fifty 
(50) empty breathing air cylinders of 45 cubic feet at 4,500 PSIG, and shall be capable 
of replenishing all 50 cylinders at a minimum of two (2) empty 45 cubic feet at 4,500 
PSIG SCBA cylinders simultaneously within three (3) minutes or less without fire 
department supplementation. 

  X.7.4.2 FBARS designed with on-site air storage shall meet the requirements of Chapter 5 Air 
Quality Requirements, NFPA 1901 Standard for Automotive Fire Apparatus, 2009 
Edition, Chapter 24 Air Systems, Section 24.5; and breathing air quality standards of 
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 
2007 Edition. 

  X.7.5 General Piping and Installation.  
  X.7.5.1 All pneumatic fittings, tubing, and hose shall be rated for the maximum allowable 

working pressure that could be encountered, with a test safety factor of not less than 
4:1.  

  X.7.5.2 All pressurized materials used in the construction of the piping distribution system shall 
be compatible for use with high pressure breathing air equipment and self-contained 
breathing apparatus. 

  X.7.5.3 Tubing shall be constructed of stainless steel or other approved materials that are 
compatible with high pressure breathing air. When stainless steel tubing is used, it shall 
meet ASTM A-269, Grade 316 or an equal standard. 

  X.7.5.4 Fittings shall be constructed of stainless steel or other approved materials that are 
compatible with breathing air. Stainless steel fitting shall be at least Grade 316 and 
meet the requirements of ASTM A-269 or an equal standard. 

  X.7.5.5 All pneumatic fittings, tubing, and hose shall be corrosion resistant or treated to resist 
corrosion.  

  X.7.5.6 All piping and tubing shall be blown clean with clean, dry air before being installed and 
shall be free of contamination. 

  X.7.5.7 Routing of tubing and bends shall be such as to protect the tubing from mechanical 
damage 

  X.7.5.8  All rigid tubing shall be clamped to the structure at a minimum of 48 inches, and 
within 4 inches on either side of a coupling or elbow. 

  X.7.5.9 Rigid piping shall run in an orderly manner with a minimum of bends and Elbows 
  X.7.5.10 The piping installation shall provide room for maintenance and repairs with access 

panels provided where applicable.  
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  X.7.5.11 When making up threaded piping joints, the sealant shall be applied to the thread in a 
manner that will prohibit entry of the sealant into the piping system  

  X.7.5.12 Air connections on equipment or panels shall be provided with a threaded dust cap on 
a safety chain or shall be a quick disconnect–type fitting.  

  X.7.5.13 All pneumatic fittings, tubing, and hose shall be located within a fire resistive 
enclosure and be protected from physical damage.  

  X.7.5.14 Flexible hose shall be installed in such a manner as to prevent cuts, abrasions, 
exposure to damage, excessive temperatures and excessive bending.  

  X.7.5.15 The hose shall be installed in a manner that permits removal of the hose without 
removal of major breathing air components or building structure components. 

  X.7.5.16 All pressurized components shall meet the requirements of NFPA 1901, Standard for 
Automotive Fire Apparatus, 2009 Edition, Chapter 24 Air Systems and breathing air 
quality standards of NFPA 1500, Standard on Fire Department Occupational Safety 
and Health Program, 2007 Edition; and Chapters 5 Air Quality Requirements. 

  X.7.6 Air Monitoring and Quality Control.  
  X.7.6.1 FBARS shall have automatic audible and visual alarms and controls at the Exterior 

Operator Control Panel and within the Fire Command Center to monitor the systems 
moisture, carbon monoxide and pressure and shall meet the requirements of NFPA 70, 
National Electrical Code; and NFPA 72 National Fire Alarm and Signal Code, 2010 
Edition, Chapter 14 and 26. 

  X.7.6.2 The monitors shall be connected to the building's fire alarm system as a supervisory 
alarm and shall meet the requirements of NFPA 70, National Electrical Code; and 
NFPA 72 National Fire Alarm and Signal Code, 2010 Edition, Chapter 14 and 26. 

  X.7.6.3 The monitors shall transmit a supervisory signal when the levels of moisture exceed 24 
ppm or carbon monoxide exceeds 10 ppm for breathing air in accordance with Chapter 
5 Air Quality Requirements, or when the pressure of the breathing air system is less 
than 80% of the operating pressure.  

  X.8 Breathing Air Compressor. FBARS designed with a breathing air compressor shall meet 
the requirements of NFPA 1901, Standard for Automotive Fire Apparatus, 2009 
Edition, Chapter 24 Air Systems, Section 24.3. 

  X.9 Labels and Plates. Each component and enclosure shall be identified with a label. The 
marking of the enclosure shall be immediately visible and accessible to emergency 
response personnel. Marking shall meet the requirements of NFPA 1901, Standard for 
Automotive Fire Apparatus, 2009 Edition, Chapter 24 Air Systems, Section 24.2.11. 

  X.10 Documentation.  
  X.10.1 Two complete sets of plans, specifications and calculations shall be submitted to the 

AHJ for review and approval. Plans, specifications and calculations shall demonstrate 
compliance with the requirements of this chapter and shall be stamped by a Registered 
Design Professional. Documents shall include system calculations, manufacturer mill 
reports and product data specifications sheets for all components of the FFBARS 
installation. 

  X.10.2 Two complete sets of documentation that cover the operation and maintenance of the 
system shall be delivered with the FBARS.  

  X.10.3 The documentation shall be permitted to be in printed format, electronic format, 
audiovisual format, or a combination thereof.  
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  X.10.4 Nomenclature for components, controls, and indicators shall be consistent with that used 
on the diagrams required in X.8 and on equipment nameplates.  

  X.10.5 The manuals shall include, but not necessarily be limited to, the following: 
  (1) An illustrated component list. 
  (2) A schedule of maintenance and air quality checks. 
  (3) Troubleshooting information to enable a technician to locate trouble and to make 

repairs or adjustments to the components. 
  (4) Step-by-step procedures for operating the FBARS. 

  X.10.6 Documentation shall meet the requirements of NFPA 1901, Standard for Automotive 
Fire Apparatus, 2009 Edition, Chapter 24 Air Systems, Section 24.2.12. 

  X.11 Training and Instruction.  
  X.11.1 If an FBARS without a compressor/ purification system is provided, the system installer 

shall supply a qualified person to provide operational training to fire department 
personnel that includes the following: 
  (1) A complete system component familiarization/walkaround 
  (2) A complete review of the system and its safety features 
  (3) A review of all operation, service, and maintenance documentation 
  (4) Hands-on familiarization of the safe operation of the air control panel and air 

cylinder fill station/fill panel, including actual SCBA filling and other pertinent 
operations of the system.  

  X.11.2 If an FBARS that includes a compressor/ purification system is provided, a person 
certified by the breathing air compressor manufacturer in the operation of the specified 
air compressor system shall provide training to fire department personnel that includes 
the following: 
  (1) A review of the compressor/purification system operations and maintenance, 

including the operations and maintenance documentation and the name, address, 
and phone number of the local distributor 

  (2) Procedures to change purification cartridges 
  (3) Hands-on familiarization of the safe operation of the compressor and purification 

system  
  X.11.3 The fire department shall designate one or two individuals to be the resource persons for 

all the firefighter breathing air replenishment system training and equipment 
indoctrination.  

  X.11.4 The fire department shall designate where the training is to take place. 
  X.11.5 Training shall meet the requirements of NFPA 1901, Standard for Automotive Fire 

Apparatus, 2009 Edition, Chapter 24 Air Systems, and Section 24.2.13. 
  X.12 FBARS Testing and Commissioning.  
  X.12.1 Following fabrication, assembly, and installation of the FBARS, the Authority Having 

Jurisdiction shall witness the pneumatic testing of the complete system at a minimum 
test pressure of 7,500 PSIG using oil-free dry air, nitrogen or argon. A minimum twenty 
four (24) hour pneumatic test shall be performed. During this test all fittings, joints and 
system components shall be inspected for leaks. 

  X.12.2 The Authority Having Jurisdiction shall witness the filling of two (2) empty 45 cubic 
foot at 4,500 PSIG capacity SCBA cylinders in three (3) minutes or less using 
compressed air supplied by fire department mobile air equipment connected to the 
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exterior fire department connection panel. The SCBA cylinders shall be filled at the Air 
Fill Panel or Air Fill Station farthest from the exterior fire department connection panel.  

  X.12.3 The air storage system shall be tested to confirm its ability to meet section X.3.4. This 
shall be accomplished by replenishing a minimum of fifty (50) empty 45 cubic feet at 
4,500 psig SCBA cylinders at the uppermost air cylinder fill panel or air cylinder fill 
station without fire department mobile air augmentation. 

  X.12.4 Before the system is placed into service, a minimum of two air samples shall be taken 
from separate air cylinder fill panels and /or air cylinder fill stations and submitted to an 
independent certified gas analysis laboratory to verify the system's cleanliness and that 
the air complies with the requirements for breathing air in accordance with Section 5.3. 
The written report of the analysis shall be submitted to the Authority Having 
Jurisdiction documenting that the breathing air complies with this section. 

  X.12.5 A fire department representative shall be present at all testing. 
  X.12.6 Testing and Commissioning shall meet the requirements of NFPA 1901, Standard for 

Automotive Fire Apparatus, 2009 Edition, Chapter 24 Air Systems, Section 24.14. 
  X.13 Security. To prevent unauthorized access to or tampering with the FBARS system, each 

enclosure shall be maintained locked by a means approved by the fire department. The 
enclosure shall have a tamper switch connected to the building fire alarm system 
indicating a supervisory signal when the enclosure is opened and shall meet the 
requirements of NFPA 70, National Electrical Code; and NFPA 72 National Fire 
Alarm and Signal Code, 2010 Edition, Chapter 14 and 26; 

  X.14 Annual Maintenance – Tests and Measurements.  
  X.14.1 FBARS installed in accordance with this standard shall be properly inspected, tested and 

maintained in accordance with this standard to provide at least the same level of 
performance and protection as initially designed. The owner shall be responsible for 
maintaining the system and keeping the system in good working order. 

  X.14.2 The FBARS shall be inspected annually and certified by the installer and/or licensed 
mechanical engineer specializing in high pressure breathing air systems to be in proper 
working condition and free of defects. All components of the system shall be included 
in the inspection. 

  X.14.3 Air samples shall be taken at least quarterly to ensure the stored air meets or exceeds 
breathing air quality standards in accordance with Section 5.3. A copy of the report 
shall be submitted to the fire department. 

   

   



Report on Comments  –  June 2012 NFPA 1801
_______________________________________________________________________________________________
1801-1     Log #CC4  FAE-ELS

_______________________________________________________________________________________________
Technical Committee on Electronic Safety Equipment,

1801-2

****Insert Include 1801_LCC4_R Here****

In the revision of this document significant changes have been made to chapter 8. These changes are
related to proposal CP 1.
As of the ROC meeting for NFPA 1801, one independent testing lab and three thermal imaging manufacturers have the
capabilities to perform all of the testing required for a compliant product. Within the Thermal Imaging Task Group, six
thermal imaging manufacturers, two thermal imaging core manufacturers, one independent testing laboratory, and one
certification organization have actively participated in the development of the testing and pass/fail criteria presented to
the Technical Committee on Electronic Safety Equipment.
The technical committee is in agreement that these changes are necessary, represent the intent of the committee and
have been approved (via the NFPA process) by the committee.
Substantiations by paragraph:
2.3.4 Committee Comment 4 has a basis in NIST note 1630, so the technical committee is including it as a referenced
document in Chapter 2.
8.1 The non-uniformity test was determined to be impractical and not a significant contributor to overall image quality.
With the deletion of the NU test, only spatial resolution testing remains.  The new Spatial Resolution test description will
result in a better test to determine image quality and will greatly simplify the testing process.
8.6.3.5 As in the spatial resolution test, manufacturers should be permitted to refocus the cameras for optimal
performance in this test.  Most cameras are not in perfect focus at 1 meter and, if not refocused, will be unnecessarily
handicapped in this test.  Due to the size of the spatial resolution target, it is not practical to move the camera further
away from the target.
8.6.5.8 The original intent of section 8.6 was to simulate a brief but extreme heat exposure to be sure that the TIC does
no harm to the user (melt, drip, ignite) and that it is capable of displaying a usable thermal image.  The 60 minute
cool-down period followed by the very complex Image Recognition test does not require a usable image immediately
after the exposure.  Viewing the spatial recognition target immediately after the heat exposure to ensure that there is a
usable image is a much more practical test and better meets the original spirit of the requirement.
8.6.5.9 Paragraph 8.6.5.9 is no longer needed with the re-write of paragraph 8.6.5.8.  The original intent of section 8.6
was to simulate a brief but extreme heat exposure to be sure that the TIC does no harm to the user (melt, drip, ignite)
and that it is capable of displaying a usable thermal image.  The 60 minute cool-down period followed by the very
complex Image Recognition test does not require a usable image immediately after the exposure.  Viewing the spatial
recognition target immediately after the heat exposure to ensure that there is a usable image is a much more practical
test and better meets the original spirit of the requirement.
8.6.6.1 The original intent of section 8.6 was to simulate a brief but extreme heat exposure to be sure that the TIC does
no harm to the user (melt, drip, ignite) and that it is capable of displaying a usable thermal image.  The 60 minute
cool-down period followed by the very complex Image Recognition test does not require a usable image immediately
after the exposure.  Viewing the spatial recognition target immediately after the heat exposure to ensure that there is a
usable image is a much more practical test and better meets the original spirit of the requirement.
8.7.4.3 The technical committee decided to attach a tolerance to this requirement.
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8.7.4.5 The technical committee decided to attach a tolerance to this requirement.
8.7.5.1 through 8.7.5.3 The technical committee believes these requirements are no longer best practices.
8.8.4.2  The technical committee decided to attach a tolerance to this requirement.
8.10 Image color testing was removed from section 8.10. The rest of section 8.10 was rewritten to simplify the effective
temperature test to produce more repeatable and reproducible results. Removing color measurement requirements and
placing them in the design requirements section allowed for more repeatable and reproducible test results.
8.12 The thermal sensitivity testing was revised to produce more repeatable and reproducible results.

_______________________________________________________________________________________________
1801-2     Log #CC1  FAE-ELS

_______________________________________________________________________________________________
Technical Committee on Electronic Safety Equipment,

1801-2
Delete Table 4.3.9, and replace with updated table.

****Insert Table 4.3.9 Here****

Revise text to read as follows:
4.3.11 The certification organization shall not allow any modifications, pretreatment, conditioning, or other such special
processes of the product or any product component prior to the product’s submission for evaluation and testing by the
certification organization. Manufacturers shall be permitted to refocus camera samples prior to conducting testing.

Providing an updated Table 4.3.9 makes this table consistent with Chapter 8.
Substantiation for 4.3.11 - Thermal imaging cameras are focused for optimal performance at a distance other than what
is the distance required by NFPA 1801 and testing laboratory space/test equipment limitations; it is desirable to allow
manufacturers the ability to refocus thermal imaging cameras prior to conducting the necessary testing within NFPA
1801.

_______________________________________________________________________________________________
1801-3     Log #CC2  FAE-ELS

_______________________________________________________________________________________________
Technical Committee on Electronic Safety Equipment,

1801-2
Revise text as to read follows:

Each TI BASIC PLUS option indicator shall consist of an indicator distinctly different from other icons
indicators.

Each TI BASIC PLUS option icon indicator shall be displayed in the center of the left (additional information
area) vertical section of the viewing area.

The technical committee is recommending this change for consistency in terminology in this section.

2Printed on  9/27/2011
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Revise text to read as follows: 
2.3.4 Other Publications 
NIST Technical Note 1630, Evaluation of Image Quality of Thermal Imagers Used by the Fire 
Service, National Institute of Standards and Technology, 100 Bureau Drive, Stop 1070, 
Gaithersburg, MD 20899-1070, February 2009. 
Delete Section 8.1, and replace with the following text: 
8.1 Image Recognition Test. 
8.1.1 Application. This test method shall apply to all thermal imagers. 
8.1.2 Samples. Samples shall be complete thermal imagers. 
8.1.3 Specimens. 
8.1.3.1 Specimens for testing shall be complete thermal imagers. 
8.1.3.2 A minimum of three specimens shall be tested. 
8.1.3.3 Specimens shall be conditioned at a temperature of 22°C, ±3°C (72°F, ±5°F), and a 
relative humidity of 50 percent, ±25 percent, for at least 4 hours. 
8.1.3.4 Specimens shall be tested within 5 minutes after removal from conditioning. 
8.1.3.5 Specimens are permitted to be optimally focused to 1 meter by the manufacturer for this 
test. 
8.1.4 Apparatus. 
8.1.4.1 Testing shall be conducted in a room having an ambient temperature of 22°C, ±1°C 
(72°F, ±2°F). 
8.1.4.2 The image recognition test apparatus shall consist of the following: 
(1) A thermal imager positioning device  
(2) A spatial resolution source target as specified in 8.1.4.3 
(3) Ten thermocouples or equivalent temperature measurement devices as specified in  8.1.4.4 
(4) Data acquisition software and hardware as specified in 8.1.4.5 
(5) A visible spectrum camera and lens as specified in 8.1.4.7 
(6) A visible spectrum camera mount as specified in 8.1.4.8 
(7) Image capturing software and hardware as specified in 8.1.4.9 
(8) A computer and image analysis software as specified in 8.1.4.10 
(9) The computer image conversion software shall be ViewNX, version 2. 
8.1.4.2.1 The thermal imager shall be set up at a distance of 1 m +/- 5mm from the outer-most 
optical element to the image recognition target. 
8.1.4.2.2 The ambient lighting in the testing room shall be 1 lux or less. 
8.1.4.2.3 The test operator shall have vision corrected to at least 20/20. 
8.1.4.3 The spatial resolution source target shall consist of two thin, rigid, flat metal surfaces: the 
emitting surface and the stencil with the target and 15cm +/- 5mm x 15cm +/- 5mm square 
cutout. The metal shall be copper for the emitting surface and aluminum for the stencil as 
detailed in Figure 8.1.4.3.  Each surface shall have dimensions of 3 mm, ±0.5mm. The front side 
of both surfaces shall be painted with flat black paint having a stated emissivity of 0.95, ±0.03. 
8.1.4.3.1 The emitting surface shall be capable of being evenly heated to a surface temperature of 
28°C +/- 0.5°C (82°F +/- 1°F). The mechanism by which the emitting surface is heated shall not 
be visible to the thermal imager under test.  The heating mechanism shall be permitted to add 
thickness to the side of the surface that does not face the thermal imager during the test. 
8.1.4.3.2 The stencil shall be maintained at ambient temperature and shall have a pattern cut 
cleanly through it as shown in black in Figure 8.1.4.3. 
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****Insert Figure 8.1.4.3 Spatial Resolution Source Target ***** 
 
 
 
 
 
8.1.4.3.3 Both surfaces shall be mounted such that their painted sides face the thermal imager 
under test, with the stencil placed directly between the emitting surface and the thermal imager at 
a distance of 102 mm, ±6mm (4 in., ±1⁄4 in.), from the emitting surface. 
8.1.4.4 Ten temperature measurement devices having a temperature measurement accuracy of at 
least 0.1°C and a response time of less than 1 second shall be secured to the surfaces of the 
source target facing the thermal imager under test as shown in Figure 8.1.4.3. 
8.1.4.4.1 Five temperature measurement devices shall be secured to the emitting surface, and five 
temperature measurement devices shall be secured to the stencil. The temperature measurement 
devices and leads secured to the emitting surface shall not be visible to the thermal imager under 
test. 
8.1.4.4.2 The temperature measurement device leads secured to the stencil surface shall be 
painted with flat black paint having a stated emissivity of 0.95, ±0.03, and shall not cross any of 
the open areas of the pattern cut into the stencil. 
8.1.4.5 The data acquisition system, consisting of software and hardware, shall be capable of 
acquiring temperature measuring signals collected from the source target. 
8.1.4.5.1 The data acquisition system shall average temperature measurements over a maximum 
of 10 seconds for each temperature measuring device. 
8.1.4.5.2 The data acquisition system shall store the averaged temperature measurements in an 
electronic text file. 
8.1.4.6 The thermal imager positioning device shall position the thermal imager facing the spatial 
resolution source target at a distance of 1 m +/- 5mm (40 in +/-0.2 in) from the outer-most 
optical element to the stencil. 
8.1.4.6.1 The thermal imager shall not wobble, vibrate, or otherwise move out of position during 
the course of the test. 
8.1.4.7 The visible spectrum camera shall be a Nikon D3 or D3S (which will be referred to as D3 
in the following sections). The lens shall be a Nikkor 60 mm, f/2.8 macro lens. Other lenses of 
equivalent quality shall be permitted to be used in cases where the thermal imager display size or 
configuration is incompatible with the use of the Nikkor 60 mm, f/2.8.  
8.1.4.7.1  The shutter shall be activated by a remote trigger release. 
8.1.4.7.2 The Nikon D3 shall be calibrated for color and luminance every 12 months. 
8.1.4.7.3 All Nikon D3 settings, other than those specified below, shall remain set at the factory 
default selections. The specific modifications to the Nikon D3 settings shall be as follows: 
Exterior (Buttons and switches) Settings 
(1) Release Mode “S” 
(2) Focus Mode “M” (Manual) 
(3) Right side of view finder – Metering Mode :  3-D Color Matrix II 
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(4) Bottom Right of the LCD – Focus Mode: Single-Point AF (Bottom of 3). Operator shall  
press the OK button to automatically center the focus point to the center of the Nikon  camera 
display. 
(5) Camera Needs to be turned on 
(6) If the lens has Vibration Reduction control, it shall be turned off 
Interior (Menu) Settings (Click menu button to left of LCD to enter menu) 
A. Shooting Menu 
1. Shooting Menu Bank  - A 
2. Reset Shooting Menu – No 
3. Active Folder – [N/A] 
4. File Naming – [N/A] (or DSC default) 
5. Slot 2 – Overflow 
6. Image Quality – NEF (RAW) 
7. Image Area – Auto DX Crop – OFF 
8. JPEG Compression – Size Priority 
9. NEF RAW recording – Type – OFF; NEF (RAW) Bitdepth – 14 Bit 
10. White Balance – Direct Sunlight – Center Color; A-B – 0; G-M – 0 
11. Set Picture Control – Neutral 
12. Manage Picture Control – [N/A] 
13. Color space – sRGB 
14. Active D-Lighting – OFF 
15. Vignette Control – Normal 
16. Long exp. NR – OFF 
17. High ISO NR – OFF 
18. ISO Sensitivity Settings – ISO Sensitivity – 200; ISO Sensitivity auto control – OFF 
19. Live View – Live View Mode – Tripod; Release Mode – Single Frame 
20. Multiple Exposure – OFF 
21. Interval Timer Shooting – OFF 
B. Custom Setting Menu 
a. Autofocus 
A1. AF-C priority selection – Release 
A2. AF-S priority selection – Focus 
A3. Dynamic AF Area – 9 Points 
A4. Focus tracking with lock-on – OFF 
A5. AF activation – Shutter/AF-ON 
A6. Focus Point Illumination – Manual focus mode – ON; Continuous Mode – ON; Focus   Point 
Brightness – 0 Normal 
A7. Focus Point wrap-around – No Wrap 
A8. AF point selection – AF51 
A9. AF On Button – AF-ON 
A10. Vertical AF On Button – AF-ON 
b. Metering/Exposure 
B1. ISO sensitivity step value – 1/3 
B2. EV steps for exposure control – 1/3 
B3. EV steps for exposure compensation – 1/3 
B4. Easy exposure compensation – Off 



4 
NFPA 1801 Log #CC4 Rec A2012 ROC 

 

B5. Center Weighted Area – Average 
B6. Fine tune optimal exposure – No, don‟t continue 
c. Timers/AE lock 
C1. Shutter Release Botton/AE-L – OFF 
C2. Auto meter-off delay – 6 s 
C3. Self-timer delay – 10 s 
C4. Monitor off delay – 10 s 
d. Shooting/Display 
D1. Beep – OFF 
D2. Shooting Speed – Continuous High-speed – 9fps 
D3. Max continuous release – 130 
D4. File Number Sequence – ON 
D5. Control panel/Viewfinder – Rear Control Panel – ISO Sensitivity; Viewfinder display – 
Frame Count 
D6. Shooting Info display – Auto 
D7. LCD Illumination – OFF 
D8. Exposure Delay Mode – OFF 
e. Bracketing/flash 
E1. Flash Sync Speed – 1/250 
E2. Flash Shutter Speed – 1/60 
E3. Modeling Flash – ON 
E4. Auto Bracketing Set – AE & Flash 
E5. Auto Bracketing (Model M) – Flash/Speed 
E6. Bracketing Order – MTR > under > over 
f. f Controls 
f1. Multi selector center button – Shooting Mode – OFF; Playback mode – Thumbnail  on/off 
f2. Multi selector – Do Nothing 
f3. Photo info/playback – OFF 
f4. Assign FUNC. Button – FUNC. Button Press – OFF; FUNC. Button + dials – Choose  image 
area (FX/DX/5:4) 
f5. Assign Preview Button – Preview Button Press – Preview; Preview + Command Dials –  
None 
f6. Assign AE-L/AF-L button – AE-L/AF-L button press – AE/AF lock; AE-L/AF-L + 
command dials – None 
f7. Customize Command Dials – Reverse Rotation – NO; Change Main/sub – OFF;  Aperture 
Setting – Sub-Command Dial; Menus and Playback – OFF 
f8. Release button to use dial – NO 
f9. No memory card? – Release locked 
f10. Reverse Indicators -- + ,,,,,,|,,,,,, - (Positive Left, Negative Right – For Exposure 
Compensation); This is the brightness sensor 
C. Manual Mode Settings and Calibration Procedure 
A. Turn Nikon On 
B. Turn Thermal Imager On 
C. Select „Manual‟ for the camera exposure mode 
D. Thermal Imager facing spatial resolution target as specified in 8.1.4.3 
E. Aperture set with front scroll wheel to set as “22” on the LCD (this means f/22) 
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F. EV value set to the center (Hold down the +/- button next to the trigger release and  adjust 
using the rear scroll wheel) 
G. Adjust the shutter speed with the rear scroll wheel such that the brightness sensor is  in the 
middle +/- 1 dot (1/3 of a tick) – this is one click with the scroll wheel 
H. The refresh rate of the display of the thermal imager shall be provided by the manufacturer 
I.   The shutter speed must be at least twice the refresh rate of the thermal imager and less than 3 
seconds. If this cannot be met with f/22 aperture, then the aperture should be adjusted to the 
closest value to f/22 that the conditions can be met. 
J.   Use ViewNX or ViewNX 2 to determine if there are areas within the regions of interest that 
either have lost highlights or lost shadows. Lost highlights represent areas of over  exposure, and 
lost shadows represent areas of under exposure. In the event that areas within the region of 
interest are over exposed or under exposed, the EV button should be adjusted toward the 
negative or positive respectively to make the image darker or lighter. Once the EV value is 
changed, the shutter speed should then be changed accordingly to align the brightness sensor to 
center again. The EV compensation value shall be as close to 0 as possible. 
Note: The camera focus can be determined by looking in the lower left hand side of the HUD 
within the viewfinder. If the camera is in focus, a small dot appears. If it is out of focus, an arrow 
pointing to the left or to the right appears. Arrows alternating back and forth means the camera is 
in focus. Arrows blinking simultaneously means the camera is unable to determine focus. 
8.1.4.8 The visible spectrum camera shall be mounted such that the thermal imager display fills 
at least 90 percent of the FOV in the widest dimension. 
8.1.4.8.1 The visible spectrum camera shall not wobble, vibrate, or otherwise move out of 
position during the course of the test. 
8.1.4.8.2 A black shroud shall be placed around the visible spectrum camera and its view path to 
block out all light from the surrounding environment during all image capture. 
8.1.4.9 The image capturing software and hardware shall permit 16-bit uncompressed color 
images to be downloaded from the visible spectrum camera to a computer or memory at a rate of 
one image every 3 seconds, ±0.1 second. 
8.1.4.10 The image analysis software shall open 16-bit uncompressed color image files, convert 
the image files to 16-bit uncompressed grayscale images, determine the pixel intensities of 
selected pixels, calculate the contrast transfer function of the selected pixels, and write the results 
to an electronic text file. 
8.1.5 Spatial Resolution Procedure. 
8.1.5.1 The thermal imager lens and display and the visible spectrum camera lens shall be 
cleaned in accordance with the manufacturer‟s specifications. If they exist, condensation and 
frost shall be removed. 
8.1.5.2 The thermal imager shall be activated at least 3 minutes, + 1/-0 minute, prior to the 
beginning of the test. Specimens shall operate in the TI BASIC mode.  
8.1.5.3 The spatial resolution source target emitting surface temperature shall be stabilized at 
28°C, ±0.5°C (82°F, ±1°F). 
8.1.5.4  The thermal imager shall be oriented such that it is vertically centered and maximizes the 
visible area of the warm region of interest.  A similarly sized space on the opposite side for a 
room temperature region of interest shall be included. The thermal imager should be normal to 
the spatial resolution target. 
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8.1.5.5 The visible spectrum camera shall be placed at the optimum viewing position with 
respect to the thermal imager display such that the thermal imager display fills at least 90 percent 
of the FOV in the widest dimension and is in focus. 
8.1.5.6 A minimum of 10 uncompressed color images at a minimum bit depth of 16 bits shall be 
captured from the visible spectrum camera at a rate of one image every 3 seconds, ±0.1 second. 
The image having the lowest contrast shall be excluded. 
8.1.5.7 The images captured from the visible spectrum camera shall be converted to 
uncompressed grayscale images having a minimum bit depth of 16 bits using Equation 8.1.5.7 
Grayscale = 0.30 x red + 0.59 x green + 0.11 x blue  (8.1.5.7) 
8.1.5.8  A region of interest shall be selected within the warm square on the right side of the 
spatial resolution target that encapsulates at least 70% of the available square area excluding any 
text, symbols and boundary regions and shall not interfere with the spatial frequency patterns. 
This region of interest shall be labeled W. The image processing software shall apply these 
regions of interest to all images.    
8.1.5.9 A region of interest shall be selected equal in size to the warm region of interest. This 
second region of interest should be on the opposite side of the spatial resolution target from the 
warm region of interest. This second region of interest contains ambient temperature pixels only 
and shall not interfere with the spatial resolution patterns and shall be labeled A. The image 
processing software shall apply these regions of interest to all images.  
8.1.5.10 Two separate pixel smoothing filters shall be applied to the regions of interest. A 
moving average in two dimensions shall be applied to the region of interest, with the average 
having a period equal to the width and height of he thermal imager display pixels observed in the 
captured images. It shall be labeled the 1X filter. A second filter shall be applied in the same 
manner as the 1X filter but with a period four times greater and shall be labeled the 4X filter. 
Both filters shall be applied to the original image and the resulting images shall be labeled W1X, 
W4X, A1X and A4X and shall be stored independently for further calculation. 
8.1.5.11  W1X is the 1X filter warm region of interest, W4X  is the 4X filter warm region of 
interest, A1X is the 1X ambient region of interest  and A4X is the 4X ambient region of interest.   
8.1.5.12 The image processing software shall scan each of the four regions of interest for the 
lightest pixel intensity (Imax) and the darkest pixel intensity (Imin). The software shall then find 
the contrast of each of the four regions of interest using Equation 8.1.5.12. 
C = (Imax – Imin)/(Imax + Imin)  (Equation 8.1.5.12) 
8.1.5.13 Noise Warm (NW) and Noise Ambient (NA) shall be calculated. NW is the contrast of 
W4x subtracted from the contrast of W1x . and NA is the contrast of A4x  subtracted from the 
contrast of A1x.   
8.1.5.14 NW and NA shall then be averaged and the resulting value is the noise of the image, N. 
8.1.5.15 Noise shall be calculated for all images of the spatial resolution test. 
8.1.5.16 The average pixel intensity, µ, of the W1x region of interest shall be calculated using 
Equation 8.1.5.16 and labeled µW0. 
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8.1.5.17 The average pixel intensity, µ, of the A1x region of interest shall be calculated using 
Equation 8.1.5.16 and labeled µA0. 
8.1.5.18 The contrast shall be calculated using Equation 8.1.5.12 where Imax = µW0 and Imin = 
µA0.  N shall be subtracted from this value and the resulting value shall be labeled C0. 
8.1.5.19 Each of the four sets of converging lines shall be rotated such that the center line is 
vertical before selecting a region of interest and performing calculations. The region of interest 
shall be selected from index 1 to 5 on the low frequency bars, and from index 5 to 9 on the high 
frequency bars. The region of interest shall be drawn along the lines as specified in figure 
8.1.5.19. No symbology shall be included in the ROI.  In the case where symbology interferes 
with the target, the ROI shall be drawn around the interference such that horizontal lines are 
perpendicular to the center line and such that equal portions of white and dark areas are included.   
 
 
****Insert FIGURE 8.1.5.19  Region of interest selection - Here**** 
 
 
 
 
8.1.5.20   The data processing software shall analyze each row in the regions of interest of the 
converging lines.  For each row, the maximum pixel intensity shall be recorded and the 
minimum pixel intensity shall be recorded. They shall be labeled Imax and Imin respectively.  For 
each row, the contrast Ci shall be found using Equation 8.1.5.12. 
8.1.5.20.1 After all of the regions‟ rows have been analyzed, the Ci values from the sets of 
converging lines in quadrant 1 and quadrant 3 shall be concatenated from lowest frequency to 
highest frequency. Likewise, the Ci values from the sets of converging lines in quadrants 2 and 4 
shall be concatenated from lowest frequency to highest frequency. All of the Ci values shall be 
paired with their respective frequencies. 
8.1.5.20.2 The noise value, N, shall be subtracted from each of the Ci values and then normalized 
to C0 as shown in Equation 8.1.5.20.2. 
CTFi = (Ci – N)/C0   (Equation 8.1.5.20.2) 
8.1.5.20.3 The two resulting CTFi curves shall be multiplied by π/4 in order to approximate the 
MTF of each ROI.  The resulting curves are MTFi(up) and MTFi(down). Each MTFi curve shall be 
integrated resulting in SRup and SRdown.  Negative values shall be set to zero before the 
integration.  The SRup and SRdown values shall be averaged, resulting in the respective spatial 
resolution value for each image SR. 
8.1.6 Report.  The N and SR values shall be reported after the spatial resolution test. 
8.1.7 Interpretation. Any one specimen failing the test shall constitute failing performance. 
8.2.4.3  The large compartments shall encase the complete thermal imager that is larger than 
5161.0 mm2 (8 in2). 
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8.2.4.4  The small compartments shall encase the complete thermal imager that is smaller than 
5161.0 mm2 (8 in2). 
8.6.3.5 Manufacturers shall be permitted to optimally focus specimens to a distance of 1 meter 
for this test. 
Delete paragraph 8.6.5.8. 
8.6.5.8 After the specified exposure, the specimen shall be removed from the oven and 
immediately aimed perpendicularly at the spatial resolution target at a distance of 1 +0.01/-0 
meters.  The highest resolvable index number on the spatial resolution target shall be recorded. 
Delete paragraph 8.6.5.9. 
Delete Paragraph 8.6.6.1.  
8.6.6.1 The highest resolvable index number on the spatial resolution target shall be recorded and 
reported. 
8.7.4.3  The specimens shall be mounted on the test fixture to simulate the intended-use position 
as specified in the manufacturer‟s instructions, ensuring that the orientation of the center axis of 
the thermal imager lens is perpendicular to the burner array, horizontally centered, and located 
610 mm (24 in.) + 25 mm above the base of the lift-cart subassembly. 
8.7.4.5  The test oven shall be a horizontal forced circulating air oven with an internal velocity of 
61 m/min (200 ft/min) + 15 m/min. The test oven shall have minimum dimensions of 915 mm 
depth × 915 mm width × 1220 mm (36 in × 36 in × 48 in) height.  
Delete paragraphs 8.7.5.1, 8.7.5.2, and 8.7.5.3, and renumber the remaining paragraphs. 
8.8.4.2 After each test, the specimen product labels shall be examined at a distance of 305 mm 
(12 in.) +25/-0 mm by the unaided eye with 20/20 vision or vision corrected to 20/20. 
Delete Sections 8.10 and 8.12 and replace with the following text: 
8.10 Effective Temperature Range Test. 
8.10.1 Application. This test method shall apply to all thermal imagers. 
8.10.2 Samples. Samples shall be complete thermal imagers. 
8.10.3 Specimens. 
8.10.3.1 Specimens for testing shall be complete thermal imagers. 
8.10.3.2 A minimum of three specimens shall be tested. 
8.10.3.3 Specimens shall be conditioned at a temperature of 22°C, ±3°C (72°F, ±5°F), and a 
relative humidity of 50 percent, ±25 percent, for at least 4 hours. 
8.10.3.4 Specimens shall be tested within 5 minutes after removal from conditioning. 
8.10.4 Apparatus. 
8.10.4.1 Testing shall be conducted in a room having an ambient temperature (Tamb) of 22°C, 
±3°C (72°F, ±5°F). 
8.10.4.2 The test apparatus shall consist of the following: 
(1) A source target as specified in 8.10.4.3 
(2) A thermal imager positioning device as specified in 8.10.4.4 
(3) A visible spectrum camera and lens as specified in 8.10.4.5 
(4) A visible spectrum camera fixture as specified in 8.10.4.6 
(5) Image capturing software and hardware as specified in 8.10.4.7 
(6) A computer 
(7) Image analysis software as specified in 8.10.4.8 
(8) A mirror with the dimensions of height of 8 +/-0.25 in, width of 10+/-0.25  in and a thickness 
of  0.25+/-0.125   
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8.10.4.3 The source target shall consist of surfaces arranged as shown in Figure 8.10.4.3. All 
surfaces shall have an emissivity of 0.95, ±0.03. The use of a collimated source target shall be 
permitted. 
 
 
 
 
 
****Insert FIGURE 8.10.4.3  Test Image for Effective Temperature Range Test**** 
 
 
 
 
 
8.10.4.3.1 The surface labeled Thot shall range in temperature from 50°C to 550°C (1022°F) and 
shall fill at least 25% +/- 5% of the FOV. The radiation source producing the Thot surface shall be 
a blackbody and shall have an emissivity of 0.95, ±0.03. The source target shall be calibrated at 
least every 6 months. The nonuniformity of the blackbody shall not exceed 0.02. The blackbody 
temperature accuracy shall be ±0.5°C (±1°F). The stability of the emitting surface temperatures 
shall be 0.15°C.  The mirror specified in 8.10.4.2 (8) shall be used to reflect the hot surface into 
the camera‟s FOV, if necessary, to meet the 25% +/-5% requirement. 
8.10.4.3.2 The bars in the right region of the source target and the conjugate spaces between the 
bars shall be 13 mm, ±0.1 mm (1⁄2 in., ±0.003 in.), wide. The bars shall maintain a constant 
temperature (Tbar) of 8°C +/- 0.5°C above the surfaces in the FOV, excluding the Thot surface. 
8.10.4.3.3 All surfaces in the FOV, excluding the Thot and Tbar surfaces, shall be held constant at 
Tamb, 22°C, ±3°C (72°F, ±5°F). 
8.10.4.4 The thermal imager shall be positioned so that the image center points to the surface 
labeled Thot and the bars are in focus and are viewed at a frequency of 0.04 cyc/mrad. The 
thermal imager shall not wobble, vibrate, or otherwise move out of position during the course of 
the test. When placed or replaced in the positioning device, the thermal imager shall always be 
positioned at the same distance, angle, and attitude relative to the source target. 
8.10.4.5 The visible spectrum camera shall be a Nikon D3 as specified in section 8.1.4.7   
8.10.4.6 The visible spectrum camera shall be mounted as specified in section 8.1.4.8 such that 
the thermal imager display fills 90 percent of the FOV in the vertical dimension and is in focus.  
8.10.4.7 The image capturing software and hardware shall permit 16-bit uncompressed color 
images to be downloaded from the visible spectrum camera to a computer or memory at a rate of 
one image every 3 seconds, ±0.1 second. 
8.10.4.8 The image analysis software shall open 16-bit uncompressed color image files, convert 
the image files to 16-bit uncompressed grayscale images using a lossless conversion, select a 
group of pixels within an image, determine pixel intensities within the selected group, and write 
the results to a text file. 
8.10.4.9 The high-frequency noise created by over-sampling the thermal imager‟s display shall 
be removed from the captured images. A moving average in two dimensions shall be applied to 
the region of interest, with the average having a period equal to the width and height of the 
thermal imager display pixels observed in the captured images. 
8.10.5 General Procedure. 
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8.10.5.1 The thermal imager lens and display and the visible spectrum camera lens shall be 
cleaned in accordance with the manufacturer‟s specifications. 
8.10.5.2 The thermal imager shall be equipped with a fully charged power source. 
8.10.5.3 The thermal imager shall be activated 3 minutes, ±1 minute, prior to the beginning of 
the test. 
8.10.5.4 All surface temperatures in the FOV shall be adjusted to the assigned temperatures and 
shall be allowed to come to steady-state prior to starting the test. 
8.10.5.5 The visible spectrum camera shall be placed at the optimum viewing position with 
respect to the thermal imager display such that the thermal imager display fills 90 percent of the 
FOV in the vertical dimension and is in focus. 
8.10.5.6 A black shroud shall be placed around the visible spectrum camera and its view path to 
block out all light from the surrounding environment during all image capture. 
8.10.5.7 The image capturing software and hardware shall permit 16-bit uncompressed color 
images to be downloaded from the visible spectrum camera to a computer or memory at a rate of 
one image every 2o C + 0.1o  C (3.6o F + 0.2o F), as Thot increases from 50°C to 550°C (1022°F) 
at a rate not greater than 15°C (27°F) per minute. 
8.10.5.8 Pixels that represent symbols, icons, and text shall be excluded from the analysis. 
8.10.6 Effective Temperature Range Procedure. 
8.10.6.1 The high frequency noise created by over-sampling the thermal imager‟s display shall 
be removed from the captured images. A moving average in two dimensions shall be applied to 
the region of interest, with the average having a period equal to the width and height of the 
thermal imager display pixels observed in the captured images. 
8.10.6.2 The images shall be converted to uncompressed grayscale images having a minimum bit 
depth of 16 bits using Equation 8.1.5.7. 
8.10.6.3 The bar pixel intensity differential, ΔI, as shown in the bar region of interest in figure 
8.10.4.3 shall be calculated for each row in each image as specified in Equation 8.10.6.3. All of 
the ΔI values for each image shall be averaged and recorded as ΔI for that image. 
 
ΔI = Imax – Imin  (Equation 8.10.6.3) 
 
8.10.7 Report. ΔI shall be reported and recorded. 
8.10.8 Interpretation. Any one specimen failing the test shall constitute failing performance. 
8.12 Thermal Sensitivity Test. 
8.12.1 Application. This test method shall apply to all thermal imagers. 
8.12.2 Samples. Samples shall be complete thermal imagers. 
8.12.3 Specimens. 
8.12.3.1 Specimens for testing shall be complete thermal imagers. 
8.12.3.2 A minimum of three specimens shall be tested. 
8.12.3.3 Specimens shall be conditioned at a temperature of 22°C, ±3°C (72°F, ±5°F), and a 
relative humidity of 50 percent, ±25 percent, for at least 4 hours. 
8.12.3.4 Specimens shall be tested within 5 minutes after removal from conditioning. 
8.12.4 Apparatus. 
8.12.4.1 Testing shall be conducted in a room having an ambient temperature (Tamb) of 22°C, 
±3°C (72°F, ±5°F). 
8.12.4.2 The thermal sensitivity test apparatus shall consist of the following:  
(1)  Two source targets as specified in 8.12.4.3 through 8.12.4.6 



11 
NFPA 1801 Log #CC4 Rec A2012 ROC 

 

(2) Thermal imager positioning device as specified in 8.12.4.7 through 8.12.4.10 
(3) Visible spectrum camera and lens as specified in 8.1.4.7 
(4) Visible spectrum camera fixture as specified in 8.1.4.8 
(5)  Image capturing software and hardware as specified in 8.12.4.14 
(6) Computer and image analysis software as specified in 8.12.4.15 
8.12.4.3  The source targets shall both be flat-surface extended-area blackbodies arranged as 
shown in Figure 8.12.4.3, where the emitting surfaces are indicated as T1 and T2. The source 
targets shall be calibrated every 6 months. 
 
 
 
 
****INSERT EXISTING FIGURE 8.12.4.3 FROM 2010 EDITION**** 
 
 
 
 
 
8.12.4.4  The emitting surfaces shall have dimensions of at least 102 mm × 102 mm and shall 
have an emissivity of 0.95, ±0.03. 
8.12.4.5   The temperature accuracy of the emitting surfaces shall be 0.02°C or better. The 
stability of the emitting surface temperatures shall be 0.01°C or better. 
8.12.4.6  The emitting surface of the source targets shall be equal in size, ±10 percent, as viewed 
on the thermal imager‟s display. 
8.12.4.7  The thermal imager positioning device shall position the thermal imager in front of the 
source targets such that the source targets fill at least 40 percent of the thermal imager‟s FOV. 
The thermal imager shall not be required to be in focus. 
8.12.4.8  The thermal imager shall be centered on the space between the source targets with the 
line of sight perpendicular to the plane of the source targets. 
8.12.4.9  The thermal imager shall not wobble, vibrate, or otherwise move out of position during 
the course of the test. 
8.12.4.10  The visible spectrum camera shall not wobble, vibrate, or otherwise move out of 
position during the course of the test. 
8.12.4.11  A black shroud shall be placed around the visible spectrum camera and its view path 
to block out all light from the surrounding environment during all image capture. 
8.12.4.12  The image capturing software and hardware shall permit 16-bit uncompressed color 
images to be downloaded from the visible spectrum camera to a computer at a rate of one image 
every 3 seconds, ±0.1 second. 
8.12.4.13  The image analysis software shall be capable of opening 16-bit uncompressed color 
image files, converting them to 16-bit uncompressed grayscale images using a lossless 
conversion, selecting a group of pixels within an image, determining the mean pixel intensity and 
standard deviation of pixel intensities within the selected group, and writing the results to a text 
file. 
8.12.5 Procedure. 
8.12.5.1  The thermal imager lens and display and the visible spectrum camera lens shall be 
cleaned in accordance with the manufacturer‟s specifications. 
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8.12.5.2  The thermal imager shall be equipped with a fully charged power source. 
8.12.5.3  The thermal imager shall be activated 3 minutes, ±1 minute, prior to the beginning of 
the test. 
8.12.5.4  Both source targets shall be stabilized to within ±0.02°C of their initial set-point 
temperatures. The temperature setting of the T1 source target shall remain constant throughout 
the test. 
8.12.5.5  The thermal imager shall be positioned such that the source targets fill at least 40 
percent of the FOV and the axis of the thermal imager‟s outermost lens is perpendicular with the 
source target surface.  The thermal imager shall not be required to be in focus. 
8.12.5.6  The visible spectrum camera shall be placed at the optimum viewing position with 
respect to the thermal imager display, such that the thermal imager display fills 90 percent of the 
FOV in the vertical dimension and is in focus. 
8.12.5.7  Each thermal imager shall be tested with the source target T1 at a set-point temperature 
of 30°C (86°F). 
8.12.5.7.1  The T2 source target shall be set at T2 = Tamb – 5°C, and the T2 source target shall then 
be increased at a rate of 0.5°C per minute until T2 = Tamb + 5°C. Uncompressed color images at a 
minimum bit depth of 16 bits shall be captured from the visible spectrum camera at a rate of one 
image every 15 seconds, ±0.1 second, while the T2 temperature is increasing. 
8.12.5.8  The images captured from the visible spectrum camera shall be converted to 
uncompressed grayscale images using a lossless conversion. The images shall have a minimum 
bit depth of 16 bits using Equation 8.1.5.7. 
8.12.5.9  Two regions of interest shall be used to select pixels for analysis in each image. Pixels 
representing the T2 source target shall make up one of the regions of interest, shall encompass at 
least 90 percent of the T2 source target, and shall not include pixels located along the edge of the 
T2 emitting surface. Pixels representing ambient conditions shall make up the other region of 
interest, which shall include the same number of pixels as the T2 region of interest. The same 
regions of interest shall be used on all images captured throughout the test. Pixels that represent 
symbols, icons, and text shall be excluded from the analysis. 
8.12.5.10  The high frequency noise created by over-sampling the thermal imager display shall 
be removed from the captured images. A moving average in two dimensions shall be applied to 
the region of interest with the average having a period equal to the width and height of the 
thermal imager display pixels observed in the captured images. 
8.12.5.11*  The mean pixel intensity of each region of interest in each image shall be calculated 
using Equation 8.1.5.16. The mean pixel intensities shall then be divided by 65536. For each 
image, the resulting normalized pixel intensities for the Tamb region of interest shall be subtracted 
from the T2 region of interest, and the difference shall be plotted with respect to the T2 source 
target temperature. A linear trend line shall be fit to the plotted data using a least squares fit 
method. The slope of the trend line shall be the response slope. The goodness of fit of the data to 
the trend line shall be the correlation coefficient. 
In Annex, Change A.8.12.5.13 to A.8.12.5.11. 
8.12.6  The response slope and the correlation coefficient shall be calculated, recorded, and 
reported. 
8.12.7 Interpretation. Any one specimen failing the test shall constitute failing performance. 
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Table 4.3.9  Test Matrix for Thermal Imagers 
Test  

Order 
Specimens  

1–3 
Specimens  

4–6 
Specimens  

7–9 
Specimens  

10–12 
Specimens  

13–15 
Specimens  

16–18 
1 Field of View 

Measurement 
Section 8.11  

Specimens 1–3 

Cable Pullout 
Test  

Section 8.9   
Specimens 4–

6 

Corrosion Test 
Section 8.4   

Specimens 7–
9 
 

Heat Resistance 
Test  

Section 8.6   
Specimen 10-12 

Vibration Test 
Section 8.2   

Specimen 13-
15 

Durability Test 
Section 8.13   

Specimens 16–
18 

2 Image 
Recognition 

Test Section 8.1   
Specimens 1–3 

Impact 
Acceleration 
Resistance 

Test — 
Ambient 

Section 8.3   
Specimen 4 

Product Label 
Durability 

Test Section 
8.8   

Specimens 7–
9 

Product Label 
Durability Test 

Section 8.8   
Specimens 10–

12 

 
Image 

Recognition 
Test Section 8.1   
Specimens 13-

15 

 
Image 

Recognition Test 
Section 8.1   

Specimens 16-18 

3 Effective 
Temperature 
Range Test 
Section 8.10   

Specimens 1–3 
 

Impact 
Acceleration 
Resistance 

Test — Cold  
Section 8.3   
Specimen 5 

---- --- --- Product Label 
Durability Test 

Section 8.8   
Specimens 16–

18 

4 Thermal 
Sensitivity Test 

Section 8.12   
Specimens 1–3 

Impact 
Acceleration 
Resistance 

Test — 
Elevated 

Temperature  
Section 8.3   
Specimen 6 

— --- — — 

5 Heat and Flame 
Test  

Section 8.7   
Specimen 1–3 

Image 
Recognition 
Test Section 

8.1   
Specimens 4-6 

— — — — 
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Technical Committee on Electronic Safety Equipment,

1801-2
Revise text to read as follows:

7.1.1 Thermal imagers shall be tested for image recognition spatial resolution as specified in Section 8.1, Image
Recognition Spatial Resolution Test, and shall have an image recognition test P(IQ) value of at least 0.80 a minimum
SR value of 0.06.
Delete paragraphs 7.1.2 and 7.1.3 and renumber remaining paragraphs.
7.1.4  Thermal Imagers shall be tested for effective temperature range as specified in Section 8.10, Image Color and
Effective Temperature Range Test and shall have all P(IQ) values be greater than or equal to 0.80 all ΔI values greater
than or equal to 5000.
7.1.10 Thermal imagers shall be tested for resistance to vibration as specified in Section 8.2, Vibration Test, and shall
have a minimum image recognition test P(IQ) value of 0.80. SR value of 0.06.
7.1.11 Thermal imagers shall be tested for resistance to impact as specified in Section 8.3, Impact-Acceleration
Resistance Test, and shall have a minimum image recognition test P(IQ) value of 0.80 SR value of 0.06 and shall have
nothing fall off the thermal imager, and the thermal imager shall have no observable damage to any external component
that would compromise the case integrity.
7.1.14 Thermal imagers shall be tested for resistance to heat as specified in Section 8.6, Heat Resistance Test, and
shall have a minimum image recognition test P(IQ) value of 0.80 be able to resolve frequencies to the index number 4
of the spatial resolution target and shall not have any part of the thermal imager melt, drip, or ignite.
7.1.18 Thermal imagers shall be tested for durability as specified in Section 8.13, Durability Test, and shall have the
thermal imager remain functional, shall have a minimum image recognition test P(IQ) value of 0.80 SR value of 0.06,
shall have no water inside the electronics compartment(s), and shall have no water inside the power source
compartment(s).

Substantiations are provided by paragraph as follows:
7.1.1 The Piq is no longer valid. The image recognition test has been replaced with the spatial resolution test per the
recommendation of the Image Quality task group.  The image recognition value Piq test did not produce consistent,
reliable values. The spatial resolution (SR) value was selected as being representative of the ability to resolve fingers on
a hand (1/2 inch) at a distance of approximately 15 feet.
7.1.2 Due to the size of the target (black body) required to perform this test, natural convection currents were being
captured by the thermal imager, resulting in non-uniformity values that are not accurate.  In addition, it was determined
that non-uniformity is not a significant factor in determining the overall performance of a thermal imaging camera. The
Image Quality task group recommends elimination of this test for these reasons.
7.1.3 The standard is no longer testing for the temperatures at which colorization occurs.
7.1.4 The standard is no longer testing for the temperatures at which colorization occurs.  The ΔI value is a more
consistent indicator of the contrast and the ability to resolve differences in temperature.
7.1.10 The image recognition test has been replaced with the spatial resolution test per the recommendation of the
Image Quality task group.  The image recognition value (Piq) test did not produce consistent, reliable values.  The spatial
resolution (SR) value was selected as being representative of the ability to resolve fingers on a hand (1/2 inch) at a
distance of approximately 15 feet.
7.1.11 The image recognition test has been replaced with the spatial resolution test per the recommendation of the
Image Quality task group.  The image recognition value (Piq) test did not produce consistent, reliable values.  The spatial
resolution (SR) value was selected as being representative of the ability to resolve fingers on a hand (1/2 inch) at a
distance of approximately 15 feet.
7.1.14 The image recognition test has been replaced with the spatial resolution test per the recommendation of the
Image Quality task group.  The image recognition value (Piq) test did not produce consistent, reliable values.  The intent
of this test was to quickly verify camera functionality immediately following removal from the oven.
7.1.18 The image recognition test has been replaced with the spatial resolution test per the recommendation of the
Image Quality task group.  The image recognition value (Piq) test did not produce consistent, reliable values.  The spatial
resolution (SR) value was selected as being representative of the ability to resolve fingers on a hand (1/2 inch) at a
distance of approximately 15 feet.
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1801-5     Log #1  FAE-ELS

_______________________________________________________________________________________________
John F. Bender, Underwriters Laboratories Inc.

1801-14
Revise text to read as follows:

Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL 60062-2096
UL 1642, Standard for Lithium Batteries, 2005, Revised 2009.
UL 2054, Standard for Household and Commercial Batteries, 2004, Revised 2009.

Update referenced standards to add the dates indicated that were in the ROP but apparently omitted
from the 2012 Edition Preprint.
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