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ABSTRACT

The purpose of this workshop was to identify performance needs and establish research priorities
to address the thermal characteristics of respiratory equipment used by emergency first
responders. The workshop provided a forum for representatives from the first responder
community, self contained breathing apparatus (SCBA) and component manufacturers, and
research and testing experts to discuss issues, technologies, and research associated with SCBA
high temperature performance. The goals of the workshop were defined in two parts: 1) Clarify
baseline information, including the current state-of-the-art, applicable fire service events, and
current related research, and 2) Research planning, including identification of performance needs
and short and long term research priorities.

Presentations were given to explain the current SCBA certification process, understand
experience from actual fire service incidents, and review the current state of respirator research.
After the presentations, the workshop divided into three working group sessions to discuss
performance needs and research priorities in smaller groups. Suggested topics for discussion
included: a) Current Equipment, b) Current Practice and Usage, c) Future Trends, d) Short Term
Research Needs, e) Long Term Research Needs, and f) other issues.

The results of the three smaller groups’ deliberations were discussed when the full workshop
reconvened. The responses from each group were merged into a combination of issues that
related to the use and performance of the lens of the SCBA. The primary concerns and research
priorities were the characterization of the fire fighter environment, performance of current and
new technology, development of representative and realistic testing, and improvements to fire
fighter training on the limitations of protective equipment. A significant amount of discussion
concentrated on the testing for NFPA certification, which currently contains limited thermal
testing.

Keywords: fire fighting; first responder; heat flux; lens; performance metrics; respirator; self-
contained breathing apparatus; SCBA,; temperature; viewing section
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EMERGENCY RESPONDER RESPIRATOR THERMAL CHARACTERISTICS

INTRODUCTION

First responders use a self—contained breathing apparatus (SCBA) in order to provide breathable
air to the user in atmospheres that present immediate danger to life and health (IDLH). In the
case of fire fighting, the environment often lacks oxygen and contains smoke, carbon monoxide
and other toxic products of pyrolysis and combustion. The SCBA provides a clean supply of air
and respiratory protection from these contaminants. In addition the SCBA provides some
protection from heat. Since the personal protective ensemble covers the entire body, part of the
SCBA is relied on to protect the face and respiratory tract from thermal injuries. A certain
amount of thermal protection is provided by the thermal resistance of the materials themselves
and by cooling from the air flow inside the SCBA.

The current SCBA is primarily comprised of three components: a high pressure tank, a pressure
regulator system, and an inhalation connection. The inhalation connection in the typical design
is a facepiece or mask, which seals around the entire face and chin. Straps are used to keep the
facepiece secured on the face and maintain the seal. The low pressure regulator and hose
assembly connects to the front of the facepiece, and when opened, supplies air to maintain a
positive pressure (a pressure greater than ambient) inside the facepiece. A nosecup incorporated
inside the facepiece directs the user’s exhalation out of the facepiece through one way valves.
This design helps reduce fogging of the lens, which would impair visibility. Polycarbonate is
typically used for the lens material due to its superior impact resistance and clarity, and relatively
good thermal properties. Often an abrasion resistance coating, such as silicon oxide, is applied to
the polycarbonate to reduce scratching of the lens.

There are three main standards that exist for SCBA: 42 CFR Part 84, EN 136, and NFPA 1981.
The National Institute of Occupational Safety and Health (NIOSH) is the authority responsible
for testing and certifying respiratory equipment in the United States as documented in the Code
of Federal Regulations, 42 CFR Part 84 — Approval of Respiratory Protective Devices.[1] SCBA
is only one type of respirator that is covered in 42 CFR Part 84. The document specifies
components and minimum requirements to certify respirators based on the effectiveness of
respiratory protection provided in hazardous atmospheres. Testing involves evaluation of
quantities such as device weight, impact resistance, service time, breathing resistance, gas flow,
and inhalation and exhalation valve performance.

In Europe, the European Committee for Standardization (CEN) publishes the European standard
for respiratory protective devices — full face masks, EN 136. This document specifies the
requirements for approval of full face masks as part of respiratory protection devices. A full face
mask is defined as “... a facepiece which covers the eyes, nose, mouth and chin and provides
adequate sealing on the face of the wearer of a respiratory protective device against the ambient
atmosphere, when the skin is dry or moist, and even when the head is moved or when the wearer
is speaking.”’[2] Testing involves evaluation of temperature resistance, flammability, thermal
radiation resistance, harness strength, speech diaphragm, visibility, inhalation and exhalation
valve performance, leaktightness, breathing resistance, and inward leakage.



The National Fire Protection Association (NFPA) began publishing voluntary standards for
respiratory equipment in May 1971, with NFPA 19B — Standard on Respiratory Protective
Equipment for Fire Fighters. The 19B document prohibited filter-type canisters and only
allowed SCBA. In May 1981, NFPA 19B was withdrawn, and NFPA 1981 — Standard on
Self-Contained Breathing Apparatus for Fire Fighters was adopted, which required a positive
pressure design and a minimum service time of 30 min. The NFPA standard required NIOSH
certification, but additional requirements were necessary to capture the conditions specific to fire
fighting.  Performance requirements and appropriate testing protocols, which simulated
environments experienced in fire fighting and storage were added in 1987. The first heat and
flame exposure test was implemented in the 1992 edition. In 2002, a universal air connection
was specified, so that any air source could replace an empty cylinder in an emergency situation.
The most recent edition of NFPA 1981, adopted in 2007, was changed to Standard on
Open-Circuit Self-Contained Breathing Apparatus (SCBA) for Emergency Services. Another
significant change to the standard was the requirement for protection from chemical, biological,
radiological and nuclear terrorism agents, or CBRN certification from NIOSH.[3] The NFPA
1981 document specifies minimum requirements for the NFPA certification for use by fire and
emergency responders in atmospheres that are immediately dangerous to life and health (IDLH).

The thermal environments that fire fighters are exposed to in structural fires are highly variable,
and depend on many factors including fuel type and load, interior finish, and structure layout and
construction. Studies on fire fighter protective clothing [4-6] have described pre-flashover fire
fighting environments with temperatures between 100 °C and 300 °C and maximum heat fluxes
between 5 kW/m? and 12 kw/m?. More dangerous fire fighting environments where protective
clothing has been studied, involve temperatures up to 700 °C and heat fluxes of 20 kW/m? to
40 kW/m2.£5-7] However, conditions of flashover and post-flashover can reach 1000 °C and
170 kW/m~.[8] Donnelly et al. [9] combined various reports and articles from the literature,
which classified fire fighting environments into categories and specified the maximum time,
temperature and heat flux associated with each type of exposure. The result was a
recommendation of four thermal classes of fire fighter exposure, which are displayed graphically
in Figure 1. The maximum time for each class is listed within the shaded area showing the range
of air temperatures and heat flux values at each thermal class. Thermal classes such as these can
be used to establish performance requirements of protective equipment standards.
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Figure 1 — Graphical representation of the recommendations for thermal classes of fire fighter
environments, from Donnelly et al., 2006, [9] showing range of air temperature, heat flux and
duration.

Currently in the US, the certification test that involves the most severe thermal exposure for an
SCBA is the Heat and Flame Test, Section 8.11 of NFPA Standard 1981 — Open Circuit
Self-Contained Breathing Apparatus (SCBA) For Emergency Services.[10] In this test, the
SCBA is mounted on a test headform breathing at 40 L/min and placed in a convection oven at
95 °C for 15 min. This exposure would be classified as Class I in Figure 1. No more than 20 s
later, the breathing rate is increased to 103 L/min, and the SCBA is exposed to direct flame
contact for 10 s. The contact peak temperature is specified to be between 815 °C and 1150 °C.
Therefore the second portion of the test fits into Class IV from Figure 1. Following the heat
exposures, the headform is dropped from a height of 15.2 cm (6 in). The SCBA is tested for
airflow performance and for visual acuity. Although this test involves elevated temperatures, it
does not capture the conditions of temperature and heat flux that a fire fighter may experience in
Classes Il and 111.

This workshop was designed to discuss the research needs in order to reduce the problem of heat
related respirator failures during fire fighting. The need for improved SCBA and facepiece
design to withstand a variety of extreme conditions including high heat loads, was documented
in a U.S. Fire Administration special report in 2001.[11] In the decade since, several additional
reports on fire fighter fatalities have indicated that inadequate thermal performance of the SCBA
lenses contributed to one or more fire fighter fatalities.[12-18] The SCBA masks in most of
these cases were found still on the victims, and all displayed extensive damage to the point
where the SCBA could no longer provide respiratory protection from the IDLH environment. In
addition, there have been numerous anecdotal accounts of crazing, bubbling, and softening of



lenses, some of which have been reported as near misses.[19-22] These incidents have caught
the attention of the first responder community and SCBA manufacturing industry. Because the
SCBA plays such a critical role in the survival of fire fighters, especially those that find
themselves trapped or lost, the SCBA user and manufacturing community has decided that the
issue of respirator thermal performance needs to be addressed. This workshop was organized to
identify the current state-of-the-art of existing SCBA technology, identify performance needs,
and prioritize the research needs to reduce heat related respirator failures for fire fighters.



WORKSHOP ORGANIZATION AND OBJECTIVES

The primary objective of the workshop was to identify performance needs and establish research
priorities to address the thermal characteristics of respiratory equipment used by emergency first
responders. The workshop assembled participants from the first responder community, SCBA
and component manufacturers, and research and testing experts to facilitate discussion from a
variety of perspectives.

The issues, technologies, strategies, and research associated with the performance of respirators
in high heat environments was presented and discussed. The workshop agenda and a list of
attendees are provided in Appendices 1 and 2, respectively. The objectives of the workshop
were defined in two parts:

e Clarify baseline information: including the current state-of-the-art, applicable fire service
events, and current related research, and

¢ Research planning: including identification of performance needs and short and long term
research priorities.

Presentations were given to clarify baseline information. The complete list of presentations and
presenters can be found in the agenda in Appendix 1. The slides that were presented are
provided in Appendix 3. Workshop participants were divided into smaller breakout groups,
which identified performance needs and started the prioritization process. The breakout group
results were presented to the workshop for review and discussion of research planning.

To describe the current self-contained breathing apparatus (SCBA) and certification process,
representatives from the National Institute of Occupational Safety and Health (NIOSH)/National
Personal Protective Technology Laboratory (NPPTL), the National Fire Protection Association
(NFPA), and Safety Equipment Institute (SEI) each gave presentations. The presenters described
the role of each of their organizations in the regulation, standards writing, and certification
processes. It was explained that the NFPA 1981 committee on the open circuit SCBA was in the
process of examining and accepting proposals for changes to the standard until the summer of
2011, to be implemented in 2013. The current standard [3] has a heat and flame test which was
designed to eliminate melting and after-flaming of plastic components of the facepiece such as
straps, hoses, and the speaking diaphragm, and to maintain visual acuity of the facepiece lens
after a thermal impact in Class | and a short duration in Class IV from Figure 1. The committee
has been considering adding another more severe thermal impact test, which would test the
mechanical survivability of the facepiece lens.

To understand selected fire service events, representatives from the NIOSH Fire Fighter Fatality
Investigation and Prevention Program (FFFIPP) described five incidents in recent years related
to thermal degradation of respirators. There were seven fatalities associated with these events, in
which the fire fighter’s SCBA may have been thermally degraded while the user was still “on
air.” This was indicated by thermal injuries to the victims’ respiratory systems, as well as the
fact that the victims were found with their SCBA masks damaged, but still in place. It is
assumed that if a fire fighter’s SCBA tank runs out of air, the user’s reaction would be to remove
the mask; this was not observed in these cases. Although mask degradation may have
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contributed to these fatalities, there were also many other factors. A common aspect discussed
was the occurrence of a rapid increase in thermal energy, and the attempt, but failure to escape.
It is expected that conditions encountered exceeded the performance capabilities, and
subsequently the NFPA requirements, of the SCBA. Three fire service organizations spoke
about some of these events as well as their organization’s overall experience related to the
thermal issues with respirators. They expressed concern over the performance of the SCBA, as
well as issues related to training and the loss of ability to sense the danger of the environment
with the current use of highly insulating turnout gear and hoods. The users indicated two distinct
needs regarding the SCBA and its relationship to the rest of the components of the personal
protective ensemble:

o Further research to improve the thermal resistive performance and test methods.

e Increased awareness for the fire service community about the thermal protection levels
provided.

To provide a review of the current state of respirator research, representatives from the Fire
Protection Research Foundation (FPRF), NIOSH/NPPTL, and the National Institute of Standards
and Technology (NIST) outlined related research developments and future plans. The FPRF and
NPPTL reported that there were several recently completed and in-progress studies related to the
fire service. The studies, which are related to respirator use and fit, other personal protective
equipment, or fire fighting tactics, could reveal information applicable to the issue of damaged
SCBA. Several potential research topics were proposed that related to the thermal characteristics
of the SCBA or other equipment used by fire fighters, as well as re-evaluation of the fire
environment for protective equipment design. NIST updated the participants on several ongoing
projects related to respiratory issues or respirators. These included real-time particulate
monitoring during overhaul, contaminant sensor location in respirators, respirator fit
characterization, methods for thermal exposures, and respirator high temperature performance
metrics. NIST has begun to characterize the thermal performance of respirators in lab scale
radiant panel tests and oven tests, and in full scale fire experiments. Specific input from the
workshop participants to help direct future research efforts was requested as experiments and
processing of data continue.

At the conclusion of the presentations, which provided valuable background information, the
workshop was divided into three working groups to discuss performance needs and research
priorities. The groups were arranged to include a relatively balanced mix of users, manufacturers
and researchers. The different participants brought unique and valuable perspectives to the
discussion. The workshop organizers suggested several topics for discussion including:

e Current Equipment
Current Practice and Usage
Future Trends
Short Term Research Needs
Long Term Research Needs
Other Issues



The detailed list of working group questions is located in Appendix 4. The groups were
reminded to consider factors related to the changing fire service landscape. This included the
effects of technological changes to the SCBA on the horizon (e.g. flat-pack design),
enhancements to other protective equipment, the modern style of building construction and
furnishings, and current tactics and training practices.

The first working group session focused on the performance needs and the second on research
priorities. After each working group session, the workshop participants reconvened, and each
working group reported a summary of their discussion, followed by an entire group discussion.
The results of the sessions of the working groups were combined and are presented in the next
section.



BREAKOUT GROUP RESULTS

The raw results of the breakout group discussions are located in Appendix 5. These results
reflect items that were discussed during the sessions for Identification of Performance Needs and
Development of Research Priorities. The items are a mixture of direct answers to working group
questions, important related points or even questions and concerns raised through discussion
within the breakout groups. The working groups typically discussed issues in both general and
specific terms, which are reflected in the results. Although there was a wide variety of ideas and
topics discussed, it was evident there were certain common themes. The same response was not
always listed in exactly the same manner from all groups, but there was significant overlap.
Conversely, identically listed responses may have had different meanings when taken within the
context of the working group discussion.

As part of the discussion on performance needs, the working groups identified issues with the
current equipment and practice as well as possible solutions. Thirteen items were mentioned by
all three groups in the discussion of performance needs and are presented in Table 1, with seven
items that identify issues, and six items that identify possible solutions. The items are listed as a
general topic, and then more detail from each group’s perspective is listed under “scope.”

There were many items that were identified by only one or two of the groups, but this did not
mean that these ideas do not have merit or that other groups didn’t agree. The working group
format certainly allows recognition of common themes, but it also relies on individuals to think
of issues and ideas that may not be obvious to everyone else. These items can all be found in
Appendix 5, but a few of the innovative items include reflective coatings, a rub/impact/wipe test,
supplemental lenses, repeated exposures, temperature extremes, soot effects, active cooling, flat
pack effects, and PASS issues.

As the discussion on research priorities followed, the groups began to focus their discussion on
the most important issues, and how to address them. It became clear that many items were
repeated from performance needs, but with more clarity. Table 2 lists four items that were
mentioned by all three groups in the discussion of research priorities, in no particular order. The
scope of each item is separated into aspects that relate to either short term or long term tasks.
The research items that were listed by one or two groups include: thermal warning indicator,
including other organizations in the research effort, establishment of a research clearinghouse,
development of training media for the new generation of fire fighters, consistent ensemble
testing, information overload for fire fighters, funding issues, repeated exposures,
communications issues, and conducting a mask damage incident survey.



Table 1 — Common items for performance needs identified by all three groups.

Item Scope Type of Item
Facepiece is | Lens, mask, face piece, SCBA are weakest components. Issue
weakest link Identified
Variable What is a representative exposure? Define the environment, Issue
environment | but it’s highly variable. That’s why there is no such thing as Identified
routine fire fighting. All situations are important.
Optimization | Optimize existing materials, performance, and cost, etc. Could | Issue
Trade-offs be a trade-off for visibility and better thermal performance. Identified
ANSI-Z87.1 transparency test may not be passed by new
materials.
Training Training concerns, insufficient live fire training, enforcement of | Issue
issues training. Must train for personal responsibility. Create a identified
multi-agency partnership on a training video.
Behavioral Must address behavior and usage issues. Change the fire Issue
issues service culture. Identified
Care and Look into the standard and Selection, Care and Maintenance Issue
maintenance | (SCaM) documents. Need to better understand gear care and Identified
maintenance. Enforce visual inspection of equipment.
PPE prevents | The protection of the other PPE prevents a sense of hazard. Issue
sense of Should we go backwards and reduce or limit protection of other | Identified
environment | PPE? Fire fighters had a better sense of the danger of the
environment before the high levels of PPE were worn. Must
improve mask performance, not lower other PPE, however,
could mandate an upper limit for TPP (for hoods or gloves).
Ensemble Uniform testing of entire ensemble, for both severity and Possible
testing frequency. All elements should be equal in performance. Solution
Design for Design so a mask failure is not fatal, to prevent catastrophic Possible
catastrophic | failure. Extend survivability time in emergency conditions. Solution
event Design for a catastrophic event. Should survive one flashover.
Alternative Glass, composites, layering, new materials, polyethersulfone. Possible
materials Solution
Different Different ratings for masks used in fire-fighting, overhaul, Possible
uses confined space, flashover training? Should use same masks for | Solution
training and fire fighting.
Warning Thermal warning device, imminent hazard indicator, pre-failure | Possible
Device/ indicator, early warning method, built in warning system. Solution
indicator Could be based on temperature, flux, or rate of temperature
rise. Could use a worst case algorithm. Could have an audible
alarm, straight forward signal, or a radiant heat or temperature
indicator/ display, such as a bimetallic strip. Can use HUD.
Reassess test | Reassess test methods, more realistic radiant exposure lens test. | Possible
methods Radiant vs. convective exposure. Must be a repeatable sequence | Solution

— might simulate rapid fire growth. Test parameters could go
higher/lower depending on the need.
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Table 2 - Common items for research priorities identified by all three groups.

Item Scope Type of Item
Improve Mask | Identify mechanical/engineering solutions. Develop new Short Term
Design materials, designs, approaches. Research new material
properties — visual acuity, thermal, impact/abrasion
resistance.
Implementation of an improved/enhanced mask material, Long Term
design.
Representative | Evaluate existing test methods. Test protocols should Short Term
and realistic replicate “real world” conditions in reproducible test, and
testing represent appropriate scenarios, such as a lost fire fighter or
routine fire fighting.
Revise/develop new test methods. A new test method for Long Term
heat exposure and/or heat and flame.
Best Practices, | Adhere to best practices — involves training and behavior. Short Term
Behavior/ Identify needs for changes to training. Identify solutions for
Training changing behavior (human solutions). Address limitations
for PPE in training. Educate approach for improvement.
Address training and enforcement needs and implement Long Term
changes.
Define Fire Identify thermal stresses (radiant/convective). Collect Short Term
Environment quantitative data on actual usage (flux, temperature, and
time). Define heat flux/temperature levels for survivability.
Define conditions during and after an extreme event.
Hold a “Project FIRES” part I, with national involvement. Long Term
Measure real time data temperature on the respirator.

A desire to have an improved facepiece design was an action item shared by all the groups. New
materials, technologies and approaches were suggested. While polycarbonate has traditionally
been used as the lens material in SCBA, a material with better thermal properties, such as
polyether sulfone was suggested. Polyether sulfone has a heat deflection temperature at
0.46 MPa of about 210 °C as opposed to polycarbonate (about 140 °C).[23] The potential
benefits and drawbacks of a hybrid glass and plastic lens were also discussed. Glass has superior
thermal properties, and plastics have better impact resistance; however, differences in thermal
expansion would be an issue for layered lenses, with the curved geometry that exists currently.
The integration of a warning system, possibly with the heads-up-display (HUD), was suggested
to indicate either facepiece temperatures at the limit of performance, or dangerous conditions
(heat flux or temperatures) likely to damage a facepiece. Because of the improvements in the
protection of the rest of the gear, it is a concern that fire fighters cannot sense how hot their
environment actually is. Bubbling of the lens material often occurs when the lens softens and
loses mechanical properties, but this usually cannot be seen because of dark, smoky conditions.
Further, when the bubbling occurs, the danger already exists because the lens is in a softened
state, susceptible to damage. More research and development is needed on new materials and
designs before any or all of these changes could be implemented.
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The second item calls for improvements to tests and standards. The latest NFPA 1981 Standard
for Open Circuit SCBA For Emergency Services contains a Heat and Flame Test,
Section 8.11.[3] In this test, the SCBA is mounted on a test headform, breathing at 40L/min, and
placed in a convection oven at 95 °C for 15 min. No more than 20 s later, the breathing rate is
increased to 103 L/min, and the SCBA is exposed to direct flame contact for 10 s, followed by a
drop from a height of 15.2 cm (6 in). The SCBA is tested for airflow performance, but also for
visual acuity. The participants of the workshop agreed that this does not capture the conditions
of temperature and heat flux that a fire fighter may be exposed to in emergency situations. Also,
considering that the rest of the fire fighter’s personal protective equipment is tested in an oven at
260 °C, the SCBA has the lowest requirement in terms of thermal performance. Additional tests
have been proposed by the NFPA committee that would test for “survivability” of the SCBA.
The proposed tests would be similar to the Heat and Flame test, but certain parameters would be
different, such as a higher oven temperature or a gas fired radiant heat panel exposure. The
breathing rate would stay at 40 L/min for the entire test. The only pass criteria would be for the
SCBA to maintain positive pressure for the duration of test. The NFPA committee is open to
feedback regarding this test or other ideas. In general, there were several concerns raised with
regard to testing. It was agreed that the tests should replicate realistic conditions as much as
possible, while being repeatable and manageable in cost. Laboratory ovens and small flames are
repeatable, but may not be representative of real conditions. The current test also may be
missing the component of radiative heat transfer, which can be dominant over convective heat
transfer under certain fire fighting conditions. Many participants believed that the entire
personal protective equipment ensemble should be tested together. This has not been done in the
past, because of the logistical issues of bringing together equipment from various manufacturers.
However, ensemble testing would ensure that all components were tested at the same level.

Changes to the next edition of the NFPA 1981 standard will not go in effect until the next
revision, tentatively set for 2013. In addition, a new standard only applies to new equipment.
Departments typically replace equipment at regular intervals, but considering these lag times, it
would take up to 15 years to change out all of the equipment. This is one reason why many
participants stressed that changes to training would have a more immediate impact than changes
to equipment. A combined effort among multiple agencies was suggested to develop a video
demonstrating the limitations of SCBA equipment and the dangers associated with certain
behaviors. It was expressed that effective training is important, no matter what improvements are
made to the gear. There will always be some limitations to the gear, and fire fighters need to be
aware of the limitations.

Understanding the thermal stresses (temperatures, heat fluxes, and duration) associated with the
fire fighting environment is critical to understanding the performance needed for SCBA. Studies
with this kind of data are published regularly, but information has not been organized. In order
to be useful and accessible, the specific data should be combined into general categories of
exposures and reported in a single document. Additionally, studies measuring temperatures and
heat fluxes on the SCBA and lens during actual use were suggested. Another idea for gathering
“real world” information was to develop a survey for fire fighters on the prevalence of SCBA
thermal damage and the conditions experienced by the mask.
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CONCLUSIONS

A diverse group of experts in SCBA manufacturing, certification testing, use, and research was
assembled to discuss and identify needs and research priorities related to emergency responder
respirators. The first goal of the workshop was to review the current state-of-the-art of SCBA
technology and identify critical performance needs. A summary of the performance needs
defined by the workshop includes:

e Thermal resistance of the facepiece equal to or better than the rest of the fire fighter

ensemble
e Understanding of and ability to sense the variable fire environment
¢ Responsible fire fighting culture, behavior and usage of SCBA.

After the performance needs were discussed, four areas were identified as priorities for further
research and effort. The group presented both short and long term thrusts for each research area,
including to:

e Improve SCBA facepiece design

e Characterize the fire environment

o Develop more representative and realistic testing

o Define best practices for use and behavior, and implement into training.
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APPENDIX 1 - WORKSHOP AGENDA

Agenda: Workshop on Emergency First Responder Respirator Thermal Characteristics

Time

9:00

9:20

9:30

10:00

10:10

11:00

12:00

Description

Day One - Tuesday, 27 July 2010

Welcome, Preliminaries, and Introductions

Workshop Purpose and Goals and FPRF
Research Update

Status Review of Current State-of-the-Art
NIOSH/NPPTL Overview

NFPA Certification of Fire and Emergency

Services PPE

NFPA Technical Committee on
Respiratory Protection

Safety Equipment Institute Testing
Laboratory

Break
Review & Discussion of Applicable Fire

Service Events
NIOSH/FFFIPP Activities

Houston Fire Department
Pennsylvania Fire Training Academy

Massachusetts Fire Training Academy
Review & Discussion of Current Related

Research Initiatives
NIST Respirator Research

NIOSH/NPPTL Research

Lunch
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Who

Casey Grant, Fire Protection Research
Foundation

Casey Grant, Fire Protection Research
Foundation

Les Boord, National Personal Protective
Technology Laboratory

Bruce Teele, National Fire Protection
Association

Dan Rossos, Portland Fire and Rescue

Pat Gleason and Steve Sanders, Safety
Equipment Institute

Stephen Miles and Tim Merinar, Fire
Fighter Fatality Investigation and
Prevention Program

Carl Matjeka, Houston Fire Department

Edward Mann and Pat Pauly, PA State
Fire Commissioner

Fred LeBlanc, Massachusetts Fire
Training Academy

Nelson Bryner, National Institute of
Standards and Technology

Heinz Ahlers, National Personal
Protective Technology Laboratory



1:00

3:15

3:30

4:00

5:00

8:00

9:30

9:45

10:15

11:00

11:15

12:00

Description

Identification of Performance Needs

Discuss Working Group Questions, side 1)
Break

Presentation of Performance Needs from
Breakout Groups

Group Discussion of Performance Needs
Adjourn for the day
Day Two - Wednesday, 28 July 2010

Development of Research Priorities
Discuss Working Group Questions, side 2)

Break

Presentation of Research Priorities from
Break-out Groups

Group Discussion of Research Priorities
Break
Summary

Adjournment
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Three breakout groups, A, B, C

Three breakout groups, A, B, C

Three breakout groups, A, B, C

Three breakout groups, A, B, C



APPENDIX 2 - WORKSHOP ATTENDEES
SCBA Thermal Characteristics Workshop 27-28 July 2010 Pittsburgh, PA

© N o g N~ W R

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

First Name | Last Name | Organization Email Address

Heinz Ahlers NIOSH-NPPTL hahlers@cdc.gov

Chris Anaya Sacramento Metro FD anaya@prodigy.net

Eric Beck MSA Company eric.beck@msanet.com
David Bernzweig | Columbus Div of Fire vpbernzweig@local67.com
Mark Black Naval Surface Weapons Ctr. | marshall.black@navy.mil
Les Boord NIOSH-NPPTL zfx2@cdc.gov

Nelson Bryner NIST nelson.bryner@nist.gov

Rich Duffy IAFF rduffy@iaff.org

William Flint DC Fire & EMS Dept. william.flint@dc.gov

Pat Gleason Safety Equip Institute pgleason@seinet.org

Casey Grant FPRF cgrant@nfpa.org

Ira Harkness Naval Surface Weapons Ctr. a.harkness@navy.mil

Bill Haskell NIOSH-NPPTL czi8@cdc.gov

John Kuhn MSA Company john.kuhn@msanet.com

Fred LeBlanc MA Fire Academy Redknight44@verizon.net
Jim LeBlanc Fosta Tek Optics jleblanc@fosta-tek.com

Nick Luzie Sperian Resp Protection nluzie@sperian.com

Edward Mann PA State Fire Commissioner | emann@state.pa.us

Craig Martin Avon-1S| craig.martin@avon-rubber.com
Carl Matjeka Houston Fire Dept. Carl.Matejka@houstontx.gov
Amy Mensch NIST amy.mensch@nist.gov

Tim Merinar NIOSH-FFFIPP tmerinar@cdc.gov

Stephen Miles NIOSH-FFFIPP smiles@cdc.gov

Paul Moore NIOSH-FFFIPP phm0@cdc.gov

Pat Pauly PA State Fire Commissioner | ppauly@state.pa.us

Jeff Peterson NIOSH-NPPTL jpeterson1@cdc.gov

Jerry Phifer Tyco/Scott jphifer@tycoint.com

Amy Quiring Tyco/Scott astaubs@tycoint.com
Stephen Raynis FDNY rayniss@fdny.nyc.gov
Daniel Rossos Portland Fire & Rescue dan.rossos@portlandoregon.gov
Steve Sanders Safety Equipment Institute ssanders@seinet.org

Robert Sell Drager Safety, Inc robert.sell@draeger.com
Angie Shepherd NIOSH-NPPTL dlg0@cdc.gov

Michael Shrum Houston Fire Dept. michael.shrum@houstontx.gov
Denise Smith Skidmore College dsmith@skidmore.edu

Jon Szalajda NIOSH-NPPTL zfx1@cdc.gov

Bruce Teele NFPA bteele@nfpa.org

Bob Timko NVFC (PA Rep) btimko@msn.com
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42
43
44
45

Bill Troup FEMA bill.troup@dhs.gov

Bruce Varner Santa Rosa FD bvarner@santarosafd.com
Steve Weinstein | Sperian Resp Protection sweinstein@sperian.com
John Williams NIOSH-NPPTL wjwilliams@cdc.gov

18




APPENDIX 3 - WORKSHOP PRESENTATIONS

APPENDIX 3.A — Workshop Purpose and Goals
Casey Grant, Fire Protection Research Foundation

NIST, MIOSH, NFPA/FPRF
WORKSHOP ON
EMERGENCY FIRST RESPONDER
RESPIRATOR THERMAL CHARACTERISTICS

27 & 28 July 2010
Pittsburgh, PA

RESPIRATOR THERMAL
CHARACTERISTICS WORKSHOP

AGENDA
1) Current State-of-the-Art
2) Applicable Fire Service Events
3) Current Related Research Initiatives
4) Break-Out Groups:

- Performance Nesds
- Research Priorities

RESPIRATOR THERMAL
CHARACTERISTICS WORKSHOP

AGENDA
1) Current State-of-the-Art
3) Current Related Research Initiatives
4) Break-Out Groups:

- Performance Nesds
= Reseanch Priorities
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Workshop Purpose and Goals

W Pur .

+ ldentify performance needs and establish research priorities
to address the thermal characteristics of raspiratory
protective equipment uzed by emergency first responders.

Goals:

1) Clarify Basaling Information "™ g "
Current State-of-she-Art A = \ |
Applicable Fire Senvice Events : i e
Zurrent Related Research

2) Research Flanning

Focus on Shortilong Term Ressarch
ldentify Farformance Needs
Identify Ressarch Prionities

Consideration of External Influences

Factors to Consider:

— (Other equipment enhancemeants (what is the “new” weakest link?)
— Fires are Changing: UL Tests of Legacy vs. Medemn Construction
— Other: Tactics & Strategy, FS05H, Training, etc

RESPIRATOR THERMAL
CHARACTERISTICS WORKSHOP

AGENDA
1) Current State-of-the-Art
2) Applicable Fire Service Events

3) Current Related Research Initiatives

4) Break-Out Groups:

- Performance Neesds
= Research Priorities




\
| w Fire Protection Research Foundation | LUlll FEire Protection Research Foundation

Update of Current Research Update of Current Research

A) Recently Completed Studies Relating to Fire Service B1) On-going Projects (Administered by FPRF):
= Fire Ground Tactics for Alternative Energy Applications * Quantitatve Evaluation of Fire & EMS Mobilization Times
= Reaching the U.S. Fire Service with Hydrogen Safety Information = Developing Friction Loss Coefficients for Mogern Fire Hose
= Fire Fighting Tactics Under Wind Driven Conditions = Fire Fighter Training for Advanced Electric Vehicles
= M ing Code Compiiance Effecti = Hazard Assessment of
» Thermal Capacity of Fire Fighter Protsctive Clothing Fire Service Training Frres

Hazardous Materzls Codes and Threshold Quantty
* Respiratory Exposure Study

(Completed Reports available at
n o

ndation)

3 \
| e Fire Protection Research Foundation | i Fire Protection Research Foundation

Update of Current Research Update of Current Research

Risk Factors for Fire Fighter Cardiovascular Disease (UArizona) = Evaluation of SCBA Face-piece Thermal Characteristics

Who'le Glove Testing Technologies to Advance Ferf. Standards * Field Usage of Deployed PPE Equipment

for Structural Firefighting Gloves (NCSU) = Re-zvaluation of the Fire Environment for PPE Design

*= Evaluation of Stair Descant = Performance Requirements for Compatible and Interoperable
Devices (U of lllincis, Chicago) Electronic Equipment for Emeargency First Responders

* Firsground Injuries: An Internafional Eval. = PASS Alert Signal Analysis

of Causes and Best Practices {UArizona) and aciuation sequence

» Columbus OH, Lancashire, Melbourne, Phoenix AZ,
Prince Wiliam VA, Stayton OR, Tokyo (& lzumo, Matsue,
Kizkyushu, Beppu, Osaka), Toronto, Wash DC

+ Others? (especally Hong Kong or European Fire Dept's)

Fire Protection Research Foundation w
CHARACTERISTICS WORKSHOP

Example of Changes on the Horizon

— New pressurized vessel technology (Flatpack) m
— What is needed for infrastructure support? 1) Current State-of-the-Art

+  Operability <
+ Maintenance >
* Training / Behavioral

2) Applicable Fire Service Events

3) Current Related Research Initiatives

4) Break-Out Groups:

- Performance Needs
« Research Priorities
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Contact Information:
Casey Grant
Fire Protection Research Foundation
One Batterfmarch Park, Quincf, MA USA 02169-7471
Phone: 617.984.7284 Email: cgrant@nfpa org
FPRF Website: www.nfpa.orgifoundation

THE
FIRE PROTECTION
RESEARCH FOUNDATION
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APPENDIX 3.B — NIOSH/NPPTL Overview

Les Boord, National Personal Protective Technology Laboratory

National Institute for Occupational
Safety and Health (NIOSH)

PPT Program
National Personal Protective
Technology Laboratory (NPPTL)

&

Les Boord
Director
HPPTL
Fittsburgh, PA 15238 A
. L
¥ . II
-
g~

| ]

i

NPPTL & NIOSH PPE/PPT Program Activities

Sclentifz
Excallencs

= Burveslanos
« Zodantifo svaluations
=« Program Evaluatons

NPPT L

Outreach

Offics of the DIractor ——
IFPT Program Coordina®on)  , pacnirdor Tructed Scuros
aHe

=+ Haakh Communioations

|
Technology
Evaluation

* Recpirator Cerifioation
Frogram

* Gamify AudE Frogram

» Certifiad Produst
Investigations

v Firsfighter $CEA
Investigations

* Long-term Flald Evaluation

Pollcy & Standards
Development

= Enhancames’s to 42 CFR
ok Bd

#Chamical, Blologhsl,
Radiological, and Hosdsar
(CERAN) Respirator
Standards Davelopmest

s@ukdangs Dooument
Cawvsopmesnt

]
Technology
Raszsarch
sFEncpkaion Frobafion

wProfeative Clothing &
Encambiss

sirfagration of Sancom
& Bmoironion

wHuman Paformance
#Fall Profsction
skmaring Frofeotion

NIOSH Respirator Certification
42 Code of Federal Regulations, Part 84

Respirator Cerification
— Enginesring Evaluation
— Respirator Testing

— QA Flan Evaluation

lpderal moisier

Post Certification

— Manufacturing Site Audits
— Respirator Product Audits

— Respirator Evaluations
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NPPTL Program Activities

NPPTL Scientific
Outreach
Excellence
| | 1
Tachnolegy Pollcy & Standards Technology
Evaluation Development Resgearch

NIOSH Respirator Certification
(Technelogy Evaluation Branch)

* Approximately 200 MIOSH respirator
certifications are issued each year

+ 90 manufacturers (approximate)
» 102 manufacturing sites (approximate)
* 18 countries

Post Certification Program
* Respirator Manufacturing Site Audits
* Certified Product Audits

+ Certified Product Investigation

* Firefighter SCBA Evaluation

* SC5R Long Term Field Evaluation




Personal Protective Technology Research
(Technology Research Branch)
Technical Areas:
* Respiratory Protection

* Sensors & Electronics —
Integration with PPT

* Human Performance

* Protective Clothing &
Ensembles

Sensors & Electronics Research

+ Develop/Integrate Chemical Sensors for
Real-Time Determination of Respirator
Cartridge Service Life

+ Respirator Cartridge End-of-Service Life
Modeling

——————

Protective Clothing & Ensembles Research

EMS Protective Clothing

« Chemical Protectve Clothing
Decontamination Efficacy

« Particulate Penetration Measurements on
Protective Clothing and Ensembles

« Stored Thermal Energy Test Method

« Risk-Based Material Permeation Criteria

« Fire Fighter — Whole Body Anthropometrics
+ Mne Rescue Ensemble

« Comparison of Ensemble Total Inward
Leakage (TIL) Tests
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Respiratory Protection Research

AerosoliFiltration Studies

= Nanopartioles | Eloasrosoic

Respirator Fit Test Science - '
= Faolal anthropomedrios '
- Froquenoy of ot fecting

= Uger ceal oheok

Influenza Pandemic / HCW I

- D of fittering
= Ricke of a

= Antimioroblal rezplirators

= Evaluate racpiraior performanos againet cough
Qenerated serccale

- Recpirator olinioal sfsotivensce ctudy

-] Warknince Safaty mmd Hanith

Human Performance Research

Firefighter Ensemble with Advanced CB
Protection

* Body Cooling Strategies

* Turnout Gear Total Heat Loss Studies

* Firefighter Boots, Biomechanical and
Physiclogical Study

Breathing Air CO, and O, levels (with and
without a surgical mask overlay)

* Physiological Evaluation of SCSRs

* Physiological Evaluation of Air Fed
Ensembles

Personal Protective Technology Standards
(Policy & Standards Development)

* 42 Code of Federal Regulations (42 CFR)
* National Fire Protection Association (NFPA)
* American Standard for Testing (ASTM)

* American Naticnal Standards Institute
(ANSI)

* International Standards Organization (ISO)




Organized for Results

Scientific

Out h
ik Excellence

Technology

|

> - Pollcy & Standarde - Tl;hmlogy

Vision & Mission

The VISION is to be the leading provider of quality, re'evant, and timely
PPT research, training, and evaluation.

The MISSION of the PPT program is o prevent work-related injury,
ness ancd death by advancing the state of knowledge and appication
of persenal protective technologies (PPT).

Visit Us at: it /ivesw cde gov/noshinpotidefault niml

Thank You

24

Personal Protective Technology
Relevance and Impact

CBRN (Teerorigm): {
+ Recaaroh (Recpirator) + Recsaroh
- Teohnology Workchope - Thvezt Analyslc
- Docking / Hybrid
« Ecoape Recpirater Stos.
« Recpirator Cerliffostion . Racpirator Standarce
+ Recpirabor Fleld Eval « Racpirator Cartifioaticn
+ MEHA Coliaborafion « Usar Guidance
- 0254 ) DH2 Collsboration
Hanelschinology, -
+ Recsarch * Recoarch

- Cough Tranemccion
- Respirator Re-Uco
Tect Solsnce

- Recpirator Fitiration

- Proteotive Cloting
* Workplace Guidanoe
* Recplrator Certitication
* O8HA Coliaboration

tal inward Loakage
Cerlifioation
FDA Colaboration

NIOSH PPT / NPPTL Program

Visit Us at: http//'www.cdc.gov/niosh/npptifdefault himl|

Thw ok An thix Sranve 1o bt Kurnally
dhesaminard by the | Attt fov Occapustval Sadwy andd Maakth snd should not be
consimd o rzmment Aty sgwicy dewmnination or policy.

Thank you
I v S v




APPENDIX 3.C — NFPA Certification of Fire and Emergency Services PPE

Bruce Teele, National Fire Protection Association

OF
FIRE AND EMERGENCY
SERVICES PPE

CERTIFICATION

= Cert Org: Independent 3d party accredited to I1SO &6,
* Cert org labs accredited for PPE to IS0 17025,

» Accreditation body operates under ISO 17011,

* Cert org performs inspection, evaluation, and testing
to NFPA standard to determine product compliance.

L Cmnpllnnt pl'Dl:Il.lﬂ bnan grg 5 :l‘_l(, label, and

THIRD PARTY CERTIFICATION

IS YOUR BEST ASSURANCE OF

GETTING PRODUCT THAT IS
ACTUALLY COMPLIANT
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DO EMERGENCY SERVICES PPE
PRODUCTS COMPLY WITH
STANDARDS??

= NFPA DOES NOT EVALUATE, TEST, OR
APPROVE ANY PRODUCTS OR SYSTEMS.

= Al'l NFPA standards for emergency services PPE
require that products be CERTIFED.

= Each NFPA PPE “product” standard contains the
requirements for certification to that standard in
Chapter 4.

CERTIFICATION

* Product fabaled and Misfed’ by certification org.
s Mig ql.r.‘lllty assurance prngram In al:curtl with ISO

. Fnluw-up program at least twice each year.
* Annual verification of product compliance.

* Ceriification program also requires manufacturer
investigation of complaints, product hazards, and
have programs for safety alerts, product recall.

lt will be certiied soon.

Certification labels are expensive. I'll sell you the
same thing without the label and save you lots of
moneyl

It passes all the NFPA tests, | wouldn't lie to you.

It meets the intent of the standard.

This model is just as good as the cerfified ones.
Believe me, | wouldn't sell it to you if it wasn't safe.




To your question,
“Where are the cerdification labels?”

This is a display item; we don't put |abels on them.
or

We were in a hurmry to get this to you and | guess we
forgot the label.
or

Don't worry, if's cerfified, you can take my word on it.

TO PROVIDE SUBSTANTIATION OF
CERTIFICATION BY SPECIFIC
MODEL, TYPE, TRADE NAME OF
PRODUCT.

ALWAYS VERIFY
THE VALIDITY OF CERTIFICATION
WITH THE CERTIFICATION
ORGANIZATION BEFORE SIGNING
CONTRACT |

PROJECT ON FIRE AND EMERGENCY
SERVICES PROTECTIVE CLOTHING AND
EQUIPMENT

Established in January 1996

The Project. consisting of the TCC and 7 Technical
Commiltaes, Is responsible for product standards for
protective clothing and equipment for fire and other
emergency services , and for standards on
selecting, purchasing, maintaining, and retiring
protective clothing and equipment.

26

TO REQUIRE SUBSTANTIATION OF
CERTIFICATION

SPECIFY CERTIFICATION IN THE
REQUESTS FOR BIDS AND IN THE
PURCHASE SPECIFICATIONS

NO CERTIFICATION ORGANIZATION

LABEL WITH LOGO AND MARK ? ?

REGARDLESS OF WHAT THE

MANUFACTURER OR DEALER CLAIMS !

PROJECT ON FIRE AND EMERGENCY SERVICES
PROTECTIVE CLOTHING AND EQUIPMENT

TECHNICAL CORRELATING COMMITTEE (TCC)

* R for Project man inciuding
st sopee, oo, and o
consistency of test methods for same exposures

and hazards, and consistency of requirements for

design, perfarmance, test methods, certification,

and clothing and equipment selection,
care, and maintenance,

Chairman Les Boord
Director, NIDSH NFFTL




PROJECT ON FIRE AND EMERGENCY SERVICES
PROTECTIVE CLOTHING AND EQUIPMENT

The 7 TECHNICAL COMMITTEES

# TC on Electronic Safety Equipmant

# TC on Emergency Medical Services Prot Clathing & Equip
= TC on Hazardous Materials Protective Clothing & Equip

# TC on Respiratory Protection Equipment

# TC on Special Operations Protective Clothing & Equipment

# TC on Structural and Praximity Fire Fighting Protective
Clothing & Equipment

» TC on Wildiand Fire Fighting Protective Cloth & Equipment

EMERGENCY SERVICES PPE STANDARDS, continued

NFPA 1991, Vapor Proteclive Ensembles for Haz Mat=s

NFPA 1992, Liquid-Splash Protective Ensembles for Haz Mats
NFPA 1994, Profective Ensembles for CBRN Terrorim Incidents
NFPA 1899, Emergency Medical Protective Clathing & Equip
NFPA 1851, Select, Care, Maint for Structural & Proximity PPE
NFPA 1852, Select, Care, Maint for Open-Circuit SCBA
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EMERGENCY SERVICES PPE STANDARDS

NFPA 1801, Thermal Imagers for the Fire Service

NFPA 1951, Prot Ensembles for Technical Rescue Incidents
NFPA 1852, Surface Water Operations Prot Clothing and Equip
NFPA 1571, Prot Ensembles for Structural FF and Proximity FF
NFPA 1875, StationWork Uniforms.

NFPA 1977, Wildland FF Protective Clothing and Equipment
NFPA 1981, Open-Circuit SCBA for Emergency Services

NFPA 1882, Personal Alert Safety Systems (PASS)

NFPA 1883, Life Sefety Rope and Equipment

NFPA 1984, Respiratory Prot Equip for Wildland FF Operations
NFPA 1589, Breathing Air Quality for Emergency Services




APPENDIX 3.D — Safety Equipment Institute Testing Laboratory
Pat Gleason and Steve Sanders, Safety Equipment Institute

. Cer tion of Personal Protective Equipment
Certification of

Fire and Emergency Services SCBA Who is SEI ?

— Non profit estabhshed in 1981 to admumster the first
non-governmental, third-party certification program
NIOSH,NIST, NFPA/FPRF to test and certify safety and protective equipment

. — Volunt; Togram to all ufact
Workshop on Emergency First Responder S s e

— Policies developed by SEI Board of Directors which
Respirator Thermal Characterstics include representatives from:  crganized labor,
Taly 27, 2010 ndustrial users, iInsurance industry, fire service users,
and a manufacturer
— Beccredited as Certification Body to I30 Guide 65 by
ANSI & 3CC

. . . Certificalion of
Accreditation Regquiremenis Personal Proteciive Equipment

SEI Mission

ISOJ/TEC Guide 65 General Requirements for bodies = assist government agencies, users, and
operating product certification Systems manufa_l:tu:ers in meeting their mutual g'uaJls of

protecting those who use safety and protective
N equipment on or off the job.
ISOVIEC guides related to accredifation and product

certification »  aid advancements in protective equipment

ISOVIEC 17025 technology. using recognized standards and state-of-

ISO/TEC 17020 the art test facilities.

Maticnally Recognized Product standards, NFPA, etc. . -
et e S e i *  support protective equipment users by

providing an easily recognized mark for certified

products.

Certification of Perscnal Protective o . o
Equipment Certification Programs Initiated

Meeting Industry Needs Compelling Factors

*Universal interest but no Federal mandate for certihication
— To fill void, certification programs in 1981 of PPE beyond respirators

were inihated with seed money from . . . .
National Safety Council, corporate users of *Poor quality products being sold in North America

PPE, and fact
» ANC MAnTIACiirers *False claims of compliance and certification

— Pr fr head tecti & *Anxiety among users
£ cgﬁn‘lts g:ew f.omﬁ :_:: p]f o]Ienc ;:l‘l, &ye * highly dangerous occupations
dCe protecton, ?Ie ghier helme - . gas * mnjury rates reported by N3C, BL3
detector tube units to all types of fire &
emergency services PPT *Concerned manufacturers
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Certibication Process for Manunfacturer

Applhcation for product certiication including submission
of documentation, drawings, materials & components
Jigns contract agreeing to terms of cerfification

Product samples submitted for testing in accordance with
performance standard at [BO/IEC 17025 accredited
laboratory

Review of design requirements, labels and user
information

Omn site quality assurance audit of entire Manufacturing
Process

Confumation of appropriate laabahity Insurance
Surveilllance includes annual recertification testing and
quality assurance audits

Reqgistration to I30 9001

SCBA Certification Program

In 2002, NIOSH and SEI developeda
cooperative program whereby SEI would
confirm NFPA 1981 certification of SCBA for
NIOSH CBEN approwval

Then in 2007, NFPA 1981 was revised to require
NIOSH CBRN approval as a condition of
certification

Certification of Personal
Protective Equipment

Pat Gleason

Steve Sanders

Safety Equipment Institute
TD3/442-5732
pgleasonfseinet org
wwrw SEInet. org
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SCBA Certification Program
Program Initiated 1 1992, certifying to NFEA 1981-
19492

Intertel — 3El's contract testing laboratory, built an
3CBA test laberatory to support the program

At that time. NFPA 1981 only required NIOSH 42 CFR
Part 84 approval for SCBA

In late 2001, NIOSH announced 1is SCBA CERN
approval program. This program required NFPA
1981 certthication as a preregquisite.

SCBA Certification Program

In 2007, SEI and NIOSH signed a Memorandum
of Understanding (MOTJ)

As part of the MOU, SEI and NIOSH agreed to
work cooperatively with regard to techmeal
information, testing, ceriifications/approvals,
standards development, investigations and
attendance at public meetings

SEI and NIOSH staff work closely to support the
MOU




APPENDIX 3.E — NIOSH/FFFIPP Activities
Stephen Miles and Tim Merinar, Fire Fighter Fatality Investigation and Prevention Program

NIOSH Fire Fighter Fatality
Investigation and Prevention
Program

SCBA FACEPIECE WORK
GROUP PRESENTATION

Steve Miles
Tim Merinar

g = Moss

INVESTIGATION / DATA
COLLECTION METHODS

PRE- IH\FEFI'[GATIHN
NIDSH NOTIFIED OF
FATALITY

» CONTACT
DEPARTMENT

» CONTACT UNION
ENLIST EXPERTS
ESTABLISH SCHEDULE il

« REQUEST DOCUMENTS  —— = =

e

-atal
IIJ!:]F-I:IFIWF iy

FFFIPP PROCEDURE
ON-SITE INVESTIGATION

FFFIPP DATA COLLECTION
« OPENING
CONFERENCE

« INVESTIGATION 2-5
DAYS

RECORDS REVIEW
« INTERVIEWS
s SITE VISIT

« CLOSING
CONFERENCE

ODC  imernmers
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Objectives

= Present overview of
findings from NIOSH fire
fighter fatality
investigations related to
thermal degradation of
SCBA face piece lenses \_

MIOSH Photo

akal
IIJS:‘FHIFWF Ity

CbC (ThosH

REQUEST FOR MATERIALS
« S0Ps [ S0Gs Related o the = Driver Licensing Requirements
Incident = Maintenance Records
» Wictim's Training Records: » Dutside Agency Reports [ Fire
+ Dispatch Tapes- Transcripts Marshall, Police, OSHA, NFPA,
« Run Sheet ATF, etc.)

= Witness Statements . H1ntnslri\.'iden€ o
= State Fire Fighter Training = SCBA Information / Records

Requirements » Blueprimts/Floor Plan
» Department Training/ = Building Codes{Inspections
» Probationary Requirements = hility Reports (e.g., gas,

= Coroner, Pathology, Autopsy electric, water]
Reparts = Testing (e.g. PPE, atr.)

Fr-= Deparh-nent Report of = Waeather Information

Site Maps/Drawings
CDC NIOBH FliF“BtFﬂnlﬂjl m

Invesfigation and Prevention Program

FFFIPP PROCEDURE
POST-INVESTIGATION
= ENLIST EXPERTS (fire service, ATF

building construction, apparatus,
etc.)

« INCIDENT RECONSTRUCTION
« FIRE GROWTH MODELING (NIST)
« EQUIPMENT TESTING (NPPTL)

akal
IIJS:‘FHIFWF Ity

CDC (ThosH



FFFIPP INVESTIGATION

DRAFT REPORT
» DRAFT REPORT REVIEWED BY FIRE
SERVICE EXPERTS

« DEPARTMENT / UNION / NFPA
REVIEW

* APPROPRIATE REVISIONS

* FINAL INTERNAL REVIEW

= FINALIZE REPORT

= PLACE ON WEBSITE, DISTRIBUTE

e e

INFORMATION ON SCBA's
INVOLVED IN FATALITIES
HARED

Communication with NIST
» Notified NFPA 1981 of

SCBA face piece
performance in recent
incidents
Asked NIST to assist with
testing of face pieces in
gimilar situations
Shared photos and
FFFIPP reports with NFPA
and NIST

Ty vew

LETTER TO NFFA

The possibility that the fire
fighters were still "on air”
when the lenses were
thermally degraded was
identified through

» A review of information in autopsies and medical
examiner reports (and follow-up calls to the M.E. when
possible)

» Radio transmissions (fire ground tapes)

» Examination of SCBA and personal protective dothing
wom by the victims

= Witness reports

(DC i icintm  [THOSH

FINAL REPORT

* SUMMARY

= INTRODUCTION

= INVESTIGATION

= CAUSE OF DEATH

* RECOMMENDATIONS
= REFERENCES

= PHOTOS f
DIAGRAMS

) ——

Review of 7 recent fatalities in 5
separate events indicated the fire
fighters’ SCBA face piece may have
been thermally degraded while
they were still “on air”

".' 4
-4 A eSS
F Pl

i HIOEH Pheica
B et

Review of these 7 fatalities
indicate a need for further
research into the thermal
resistive performance of the
SCBA face piece as well as
testing conditions for the PPE
envelope

COC i ioinon  [THOSH



Each of the incidents FATALITY INFORMATION
mentioned in this presentation

have contributing factors not #F2005-31 PA VICTIM'S FACE PIECE

i 5 5 2 « Career fire officer (PA),
discussed in this presentation. - e

Additional information can be exposed to products of
combustion

obtained in the reports listed » Face piece lens was
after each incident. TSNy negraion

Victim was on air at the
time of event

FATALITY INFORMATION FATALITY INFORMATION

w H — -
#F2005-31 PA The‘fa{lure occurreq as ¥ ﬁ
« Victim was an instructor the victim was carrying Ea

in a live burn exercise pallets in the burn room

and had entered the bumn to add to the existing
room stacking pallets. fire.” s S84
“it is hypothesized that , “The victim then =

excessive heat in the
bum room caused a \ struggled on the ground

catastrophic failure of the ‘ and crawled towards
victim's SCBA face piece the exit.”
lens.” -

CDC  iestgaion ana prverton Program CDC ckgoton s provanon Program

FATALITY INFORMATION ADDITIONAL DATA FOR F2005-31PA
= Mask conditions before

= "This failure was a ¥ \ event. Other masks at
result of the heat “ = the facility exhibited
conditions within the signs of severe service
burn room and not a N and repeated exposure

problem with the face to high heat conditions

piece manufacture’ Victim had reported
The county coroner’s conditions in basement
office reported the as “hot as hell down
cause of death as there™ just prior to

thermal trauma event

O8N Photo
L S e B onmeee

32



ADDITIONAL INFORMATION

= Additional information on the incident can be
found in NIOSH report F2005-31PA

= Additional information on the victim's SCBA and 2
other SCBA submitted by the fire academy can be
found in NIOSH NPPTL report Task No.14292
{May 1, 2007)

= NIST Report; fatal Training FAres: Fire Analysis
For The Fire Service by Daniel Madrzykowski

gtal
ms;ﬂ_;ﬂwr Hy

CDC (ThosH

FATALITY INFORMATION

= Victim initiated a mayday by radio
emergency butten and voice and advised
“mayday, mayday, mayday, Tower 512
bucket, I'm trapped inside, I dont know
where I am, I'm somewhere in the
stairwell, I need someone to come and ger
-r??e D{“t o

-atal
II:E:.F::IFIWF iy

[ThOSH

Ce

ADDITIONAL INFORMATION

= Additional information on the incident can be
found in NIOSH report F2007-12VA and the fire
department investigative report @
http://www.pwcgov.org/vpresentations/fnr/LO
DDReport.pdf
Additional information on the vicim's SCBA unit
can be found in NIOSH NPPTL report Task No.
TN-15210

-atal
uus;ﬂ_;ﬂmbrr iy

CDC (ThosH
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FATALITY INFORMATION

#FZ007-12 VA VICTIM'S FACE PIECE

Career fire fighter dies
after being exposed to
products of combustion
during a residential fire
SCBA face piece was still
on the victim, but the
lens and mask were
thermally degraded

alall
e

Wle

FATALITY INFORMATION

= Victim was still on air
during the mayday
transmission
= Victim was unable to
escape a rapidly
growing fire event
= Reports from medical
examiner confirmed i
thermal injuries to o
OB e ey

Invesfigation and Prevention

FATALITY INFORMATION

#F2008-34 AL VICTIM'S FACE PIECE

» Volunteer fire fighter dies
after being exposed to
products of combustion
during a residential fire
SCBA face piece and
other equipment were
found next to the victim
possibly burned off, the
lens and mask were
thermally degraded

1 T




FATALITY INFORMATION ADDITIONAL INFORMATION

= Victim was able to call = Additional information
by radio "I'm hot, on the incident can be .,
come get me, come 4 found in NIOSH
get me"(victim still on | A% report F2008-34
air) -’ « NIOSH NPPTL is
= Autopsy records and ¢ currently evaluating
photos indicate the victim’s SCBA
thermal injuries to the
respiratory system

CDC vestiption sna Prvertion Program CDC  imestguton ana Provanton Pogram

FATALITY INFORMATION FATALITY INFORMATION

« NIST report indicates “the fire fighters’ self
= #F2002-34 FL S 1 T contained breathing apparatus (SCBA) face
= 2 Fire Fighters Die / : piece was compromised”
During a Training Fire 4 B on NIST report indicates that the FL incident and
» The fire fighters were . AR the PA incident “were in part the result of fuel
caught in a flash over TR LA loads that generated levels of energy that
after a foam mattress ¥ ° Pt exceeded the design capabilities of the
was placed in the . - p » protective equipment” and the need for further
room they were to o Lom e : 2f research on the impact of thermal conditions on
search § SCBA face piece lenses under actual use
— conditions™

CDC  rvoctgain o ovmeion roram CDC  rigimmironcimign  /TROSH

ADDITIONAL INFORMATION FATALITY INFORMATION

#F2009-11 TX VICTIM'S FACE PIECES
= Additional information on the incident can be
found in NIOSH report F2002-34FL Career fire officer and
= NIST Report: Fatal Training Fires: Fire Analysis fire fighter (TX), die
For The Fire Service by Dan Madrzykowski after being exposed to

roducts of combustiol
= Bureau of Fire Standards and Training, Florida :Zace s lenata m:ren
Division of State Fire Marshal. BFST Safety thermally degraded
Investigative Report 02-01, July 30, 2002 Victims were likely on

air at the time of event

(DC i mTomicnrorn [ TROSH 0D G o RN e
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FATALITY INFORMATION

#F2009-11 TX

» Texas State Fire Marshal's i
report indicated "a rapid
fire growth moved
through the narrow
hallway with
temperatures exceeding
ratings of the PPE and
SCBA”

CDC imectgmion s prvartion rogram

FATALITY INFORMATION

Victim 1's Face Piece
£ “‘";

CDC  ineebgion s prvartion rogram

FATALITY INFORMATION

» Victim 1's face piece
and hood

CDC imection s prvartion rogram
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FATALITY INFORMATION

Victim 1's location Victim 2's location

NIOSH Fighter Fatal
WMzm:m -

FATALITY INFORMATION

WV

» Both fire fighters were
overcome by rapid fire
growth and unable to
escape

» Victim 1 died of thermal
injuries (including
respiratory system)

= Victim 2 died of thermal
injuries and smoke
inhalation

OSH Phato

CDC  rctgason s provnton rogam

FATALITY INFORMATION

» Victim 2's face piece
and SCBA assembly

CDC “:‘F::‘FWFMW

[YhOSH



ADDITIONAL INFORMATION

Additional information on the incdident can be found in
NIOSH report F2009-11TX

Texas State Fire Marshal’s Office, Investigative report
number FY 09-01, Texas Department of Insurance,
Austin Texas, April 12, 2009

NIOSH NPPTL SCBA Status Investigation Report is still
being developed

NIST Fire Modeling is still being developed

B .

CONCLUSIONS

Findings suggest a need for further rezsearch into the
thermal resistivity capability of SCBA face piece
Findings suggest a need to bring the present data
forward to provide research bodies and other
organizations with information to raise awareness
and the protection levels of SCBA and PPE

o

Thank You

www.cdc.gov/niosh/fire

gtal
ms:‘n.;ﬂwr Hy

LhOSH

LhoSH
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CDC MIOSH Firs Fightar Fataniy

Review of Findings From
NIOSH FFFIPP Related to SCBA

* The fire fighter fatalitiez invelved in the reviewed
incidents were likely still “on air” at the time of the
event
Conditions encountered likely exceeded the
performance capabilitiez of the SCBA face pieces
Review of data suggest that the fire fighters suffered
thermal injuries to the respiratory system
Many of the fire fighters involved in the incidents
were close to an escape point
There were many other contributing factors in these
FF fatalities that were not discussed in presentation

[ThoSsH

Investigation and Prevention Program

NEXT STEPS

* NIOSH will continue to forward investigation
reports from any future fire fighter fatality
investigations that suggest performance issues
with SCBA face piece or components that impact
on NFPA certification
We welcome suggestions from the work group on

specific information that NIOSH could collect
during fatality investigations

Bl e

[TrosH




APPENDIX 3.F — Massachusetts Fire Training Academy
Fred LeBlanc, Massachusetts Fire Training Academy

Purpose & Objectives

* NFPA 1403 - *to provide a process for conducting liv:
fire training evolutions to ensure that they are conducted
in safe facilities and the exposure to health and safety
hazards for firefighters receiving training is minimized.”

* Review current policy

* Create awareness of potential problems
* Discuss limitations of equipment

* Leave here motivated to stay safe

Live Fire Orientation

It’s not “if” — but — “when” Are we on a path to disaster?

Would you recognize it if you saw it?

SCBA
Facepiece
Catastrophic
Fallure

PA - Oct. 23, 2005

* DFS Facepiece

* Career Captain (the victim) was severely bumed
during a live fire training evelution in the burn
building at the State Fire Academy.

* The Academy was teaching a Suppression
Instructer Development (train the frainer) course
when the incident occurred.
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PA - Oct. 23, 2005

* VYictim was loading pallets in bazement then came fo top
of stairs pulling and lifting his gear.

* Second instructor asked “are you OK". Victim replied “It's
hot ag hell down here.”

* Second instructor stated “you really need to go outside ”

= Victim replied “Mo, 'm all right. Got up and said,"™=sah I'm
fine I'll see you down there.”

NIOSH Recommendations

* Ensure that two training officers are prezent with a
charged heseline during the ignifion or refueling of a
fraining fire in accordance with MFPA 1403,

* Detzrmine the minimum amount of flame, heat andfor
smoke reguired during lve fire evolutions to perform the
fraining while ensuring fire fighter safety.

* Usze the minimum fugl load necessary to conduct live fire
fraining.

Additional Recommendations

* Installing instrumentation within live fire training struciures
fo record information such as heat, the effects of
suppression and the byproducts of combustion.

* Installing a ventilation system within the bum structure.

* Having a qualified engineer evaluate fuel loads, heat
retention, and the instrumentation and ventilation systems
of live fire training facilities.
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PA - Oct. 23, 2005

* The victim was fransporied via ambulance to a community
hospital were he was stabilized pricr fo transport via
helicopter to a regional traumalburn center. The victim
died from his injuries on October 25, 2005.

* Heat within burn room cauzed catastrophic failure of mask

* Mot a problem with manufacture

NIOSH Recommendations

+ Have a written respiratory protection program and ensure
that self-contained breathing apparatus {SCBAs)
facepieces are properly inspected, used, and maintained.

* Have burn rooms with at least two exits.

* Avoid having basement burn reoms

Temperature — Time - Result




Lab Test Consequence

* B590 Degrees F

Lab Test

* We have always done it this way

* This way is more efficient
* We deal with limited time and help

* You don’t understand

Difference in Decision Making

Belief
Misconcéblﬁon

o 4‘

d e

T

Em

n,

D

rv

FI
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Difference in Decision Making

Enowledge Adeguate Resources @
Visualize Support
Empower Variables
Determine Incident Command What made it wrong
Flexibility Accountability Decision Modification
Adjust Do You Share Experiences
Phase Fires

- Objectives of the phase
- Teaching poinis

~ Which apparatus are being used

« Building layout

- Squad rotation schematic

Constructing Fires

* Coordinare ignitors escape route

* Meet at predetermined locanon

» Decignated radio channels

= Drivers routes

- % bale for smudge fires

= Small fire located away from main fire

= Starter fire lit qfter smudge fire

« Starter fire slid under rack

= Timing must be optimum

40

Belief & Misconception

« Beligf — Pulling a dry line into a burning soructure is

efficient.

= Reliaf — When the low air alert zoumds T have plenty
of air o exit sqfely.

« Beligf — My health is my business.

= Belief - Slowing dovn at intersections iz good
enough.

Bale Requirements

« What are the requirements for each phase

« What are requirements for other programs such as
SFFP, Flashover, & Call/Volunteer Programs

« Limitations in Springfield or other authorized
locations

~ Behavior of burn building interior tiles

Instructional Staff

* Protective clothing purchases

* SCBA maintenance

* Effects of sweating & weather

* Change gear

* Need for scanning radios

* Coordinaticn with IC, Inside Safety, Outside Safety
* THANKS for doing things RIGHT!




APPENDIX 3.G — NIST Respirator Research
Nelson Bryner, National Institute of Standards and Technology

First Responder Respirator High Temperature
Ferformance — NIST Research

Nelson Bryner, Amy Mensch, Gearge Braga, Roy
McLane, Jay McEiry, Bruce Spencer
Rodney Sryant, Katny Bubier, & Michelle Donnelly

July 27-28, 2010

mosx [[) NisT THEY

First Responder Respirator High Temperature Performance

Research Overview
» Real-Time Monitoring of Respiratory Threats for First

Responders (Bryant & Mensch)

» Respirator Sensor Placement for Accurate Readings
{Butier)

= Charactenzing Respirater Fit for Real Faces and
Masks (Butler)

» Therma' Exposurs Measurement Methods (Dennelly)

» High Temperature Performance Metrcs and Standards
for Resprator Masks (Bryner, Mensch, McLane,
Braga, Spencer]

Beal-Time Monitoring of Respiratory Threats for First
Responders (Bryant & Mensch)

Bryant, RA. Butler, KN, Vettori,
RL, Greenberg, PS, Real-Time
Farficulafe Monitoring — Deteciing
Respiratory Threats for First
Responders: Workshop
F"m':ﬁnn'u'ngs_ MIST SF 10A1

Revised for DHS publication
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Research funded by:

DHS S&T Directorate
DHS US Fire Administration

& Rended  USEL

MIST Advanced Fire Service Technology Frogram NEI'

Workshop supperied by:

E
FIRE PROTECTION
FEGEARLCH FOUINDATION

Real-Time Monitoring of Respiratory Threats for First
Responders (Bryant & Mensch)

Objectives:

“fatus an e respratary threats oue o
particulates

=eharacterize the performance af
particulate detectars that can be used
by TIrET rESPONOErE EldeFak
Haz-Dust IV
oFe HandiLaz Rinl
LASX N Particie Scan Fro

- Ta

3o

Farticuais Scurce

Respirator Sensor Placement for Accurate Readings
(Butler)

Objectves:
=Lige computer modeds 1 Simuiahe air fiow athin respiralor masks

~2y3luate the nead and pHEntial B2nsor i2onnaoges for rasHime
monfaing o emergency respandar rEspiraley Iiake

=provine criena and recommendations for placement of 5ensors in
regpiralor masks

(s

Zcan the mask Scan the head




Respirator Sensor Placement for Accurate Readings Respirator Sensor Placement for Accurate Readings
(Butler) (Butler)
Insids the Mask

-Determine the flow field within the respirator during a full breathing
cycle atlow and high work 0acs for a second combination of face
and mask

sinvestigata flow Meld senskivity with various combinations of heads
with masks, braathing patierns, and leaks. Make sensor placement
recommendations to NIOSH and NFPA.

Inhalation Exhalation

Characterizing Respirator Fit for Real Faces and Masks Characterizing Respirator Fit for Real Faces and Masks

{Butler) (Butler)
Objective:

+ charactertze tne raiationsnips betwean raspirator NIt resplrator
disconort, and tha geometry of faces and resplraiors using e
actual malerial propertes of rubber or slicone seas and of skin.

- computationally push @ resplrator onfo @ face and
COnEIoenng regions of high aNd kow COMLact PrassLres (Iow
pressura ndicatas possibiity of leak. Nigh prassure may
Incicate ascontort)

— compare ihe rspirator edl CONtact W a rigid face to
. n rtace o contact L o
S el ShA1 COMINg 1 N ek Srce, Y0 oot Initial Position

- Investigate facial positions or motion (2.9 taking
sneszing) that may cause a leak

Final Position
Characterizing Respirator Fit for Real Faces and Masks Thermal Expesure Measurement Metheds (Donnelly)
{Butler)
Objective:
=gefine fire envircnmenss
o0
L
¢
5
: 100
Rigid S Skin Properties Seft Skin g
g from Literature - Required for 2
full contact -
<
0
1 w 1
Thermal Radlation, kWim?
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Thermal Exposure Measurement Methods (Donnelly)

Objective:
=gefine fire environments

create test apparatus 10 simulate
exposurs to the fire envirenment

conditions.
Table 12 Recommendations Sor Thermal Classes
Vol Class | Memmm T Wasmomm LT e 1

Toss (wan Tetperonse Flos (KWoaa'y

15
n s

1
0

10

High Temperature Ferformance Metrics ang Standards for Respirator
Masks (Bryner. Mensch, McLane, Braga, Spencer)

Objective:

«Develop performance metrics and slandard t2sting protocols for respirator
masks for fire fignters and other fIrst responders unoer high temperaturs
conaitions
sraspiralor mask ofen raprasents ine weakest conponznt of 3 Nrst responders
protecive ensemble
« performance of the Yansparen: viewng s2ction has not been charactenzed
under nign thermal fiue.

Lab Scale
Full Scake

Fizlg Experiments

High Temperature Performance Metrics ana Standards for Respirator
Masks (Bryner, Mensch, McLane, Braga, Spencer)

Convective Hear Exposure In Oven Tess 3t 95°C
(200°F) ang 250°C (S0Q'F)

+No damags & 95°C
* Mnima gamage 0 the lens % 2€0°C - some
cracking of the Rard coaling
Temperature Protiles - 260°C (S00°F) Oven Test
20
|—Cvee A
20
G |—Cetuse Mask
200 Satace
s [ rosds Nes
510 Satece
& | rbds Ar
§ 1
- - Head Sarfece
L
~Aertiwr
° Rooey
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Thermal Exposure Measurement Metheds (Donnelly)

Fire Equipment Evaluator
tasting flow loop was
constructed to accommodate
SCBA equipment

Elevatad 2mperature testing
performed on stand-alone PASS
and SCBA-Integrated PASS

Steam generation 5)‘5|Em adoed
to flow loop to nciuos humidity
and water vapor tes:lng
conditions.

Testing with water vapor
conditions Is currently ongoing.

=igh Temperature Performance Metrics and Standards for Respirator
Masks (Bryner, Mensch, McLane, Braga, Spencer)

+ Collect performance 03 versus thermal fi for different respirator Masss.
- Charactenze Ihe inermal exposirs
« Instrument room with Neat fx gauges 3t mass nelgnt
+ Instrument thermocoupie irees 10 measLre temperalure from %0ar to c21ing.
- Monkor temperalures Inskle and oulskle ks, and on head form.
- Record viceo of the 12615 from ouisioe and Inside of the k2ns oking out

High Temperature Performance Metrics and Standards for Resprator
Masks (Bryner, Mensch, McLane, Braga, Spencer)

Mawitant s Teattd

Objective: g s Pesgniods
-
=gefine fire envirenmenss
-
v
+How het Is hot? E "
-
i
+Snor INtense eXposure of LI
repeated jess Intense o
exposures? o e

Towa, 8

«HOW 00 we define fallure?




High Tempserature Performance Metrics ane Standards for Respirator
Masks (Bryner, Mensch, McLane, Braga, Spencer)

Ful Scale Fleio Expenimants

- Fire f2sts I 2-story townnouses,
SUppreesad approximately S minues aher
ignkion.

- Piaced masks 1 1ne iichen, 0.5m (31In)
ahove e Noor.

nat P (MW

High Temperature Performance Metrics and Stancards for Respirator
Masks (Bryner, Mensch, McLane, Braga, Spencer)

Future Work

Extena performance data vs. thermal flux to update
standards organizations on ragiative vs. convective
standard test (NFPA & ASTM)

Examine the parformance of the masks during cycical
neated exposuras vs. a single exireme exposurs

Charactenze the chemicaliphysical mechansms
causing the cracking. crazing. bubbling (fakure modes)

Develop new lensiresplrator mask technology 1o
enhance thermal protection of respiratory proteciion
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High Temperature Performance Metrics and Standaras for Resprator
‘Masks (Bryner, Mensch, McLane. Braga, Spencer)

Ful Scale Room with Bumer Sxpanments

= 12'%12' room ‘wf natural gas bumer on the foor
« Exposed Amost 100 masks to dfzrent conattions
. Y numidity / Non. 13

« 2 KV 0 20 KVUITT et fue
« Radiatve | Convective

TarparsareC)
Mot P (KWIT)

© 200 45 e 80 w00
Lusis:

Where did 200 7, 1S minutes, and 10 seconds originate?

A2 aremuave dwresd chsuficanion of smcul fiess wie developed by e Inrematicaal
Assocation of Fire Figners (TAFF) woder Progs FIRES. As above, fires can be classified 7 thae
temperative a3d e of heat ostpee  [n addktiom. each class of fire cn Se assochted with 3
stucnal fie Sgleag dnstion 200 it expected avenige Ao i luied delow

*  Clen [ ocowes 13 room dueng overtppsl. Ervironmenrst semiperatrres up %o 100°F (311°C) and
thenmal cadinsea up 1o 0 05 wansone” (0 012 cablenr®s) are encoumerad $o¢ up 10 30 auanes

Cless ITo0crs when a wnall Gre i boesiang io 2 oo e this Cie, ennuoauenll lespeases
froe 100'F to 200°F (3171°C to 367°C) and thermal mdision from 0050 to 0100 wattw'em’
0012 10 0.024 cabicmr’s) are encoundered 3p to 15 mimses

Cless T exists 10 2 oo faat & totally iovelved Eawcasesnl tenpentves foa NOF o
HOF (36T'C o 533°C) and thennal cdiusoa Gem 0100 % 0178 sansie’ (0024 10 0042
cal/car’s) are excowntered W to § mazimes

.

Class 11" ocours dnnng a flakaover of tadkdmdt Erviroemenul isupeninees fioen S00°F w
1300°F (533°C to 816°C) and Germal radcn from 0175 to 4.2 mattsom’ (0042 to 10
cal'oat’s) aee encountered p dor spproximanely 10 seconds

Annh-n.;w-:.mh;m--“ Froec: P’ P 11 P Pgors, Vikowm 3, Gavvm hevgee

o Y, oy 1
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APPENDIX 4 - WORKING GROUP QUESTIONS

NIOSH, NIST, NFPA/FPRF
Workshop on Emergency First Responder Respirator Thermal

Characteristics

Location: NIOSH NPPTL, Building 140, 626 Cochrans Mill Road, Pittsburgh, PA
Date: 27-28 July 2010

WORKING GROUP QUESTIONS

Last Updated: 12 July 2010
Each of the working groups should individually address the following set of specific
topics/questions, and report back to the whole group:

1) Identification of Performance Needs (Day 1)
a. Current Equipment

1. What components of the overall SCBA package require attention, and in
what priority order (e.g. face piece, straps, connectors, PASS, etc)?

2. Are there certain repeatable sequences of operation that magnify or
promote equipment failure (e.g. repeated training exposure with minimal
cool-down, long shelf life, winter usage, etc)?

3. What parameters should be used to define the realistic limits of operability
(e.g. temperature exposure, visibility thru face piece, etc)

b. Current Practice and Usage

1. What are the prioritized conditions of use that are of most concern (e.g.
certain structural fires, training, seasonal conditions, etc)?

2. What specific operational concerns, if any, need to be addressed (repeated
high temperature exposure, pre-failure indicators, replacement protocols,
etc)?

3. What specific training concerns, if any, need to be addressed (recognition of
failure markers, maintenance practices, etc)?

c. Future Trends

1. How are SCBA expected to change based on current technological trends
(e.g. equipment, operation, training, etc)?

2. What perceived problems might be anticipated with future SCBA (e.g.
adaptation of support infrastructure, physiological complications, etc)?

d. OtherlIssues

1. What are known or potential topics of technical debate (e.g. method to
evaluate face piece integrity, etc)?

2. What specifically needs to be addressed from a regulatory or standardization
standpoint?

3. What single message should the fire service express on this topic in terms of
performance needs?
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2) Development of Research Priorities (Day 2)

a. Short Term Research Needs

1. What are short term research priorities for equipment (e.g. improved face

piece materials, defining PASS signals operation, etc)

2. What are short term research priorities for usage and practice (e.g. survey of

field usage, establishing evaluation protocols, etc)

b. Long Term Research Needs

1.

2.

What are long term research priorities for equipment (e.g. development of
evaluation test methods, identifying real-time measurement techniques, etc)
What are long term research priorities for usage and practice (e.g. defining
culture of use, establishment of realistic physiological benchmarks, etc)

c. Other Issues

1.

What constituent groups and/or organizations need to be involved (e.g.
clinical/physiological, materials science, etc)?

What single message should the fire service express on this topic in terms of
research priorities?
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APPENDIX 5 - WORKING GROUP RAW RESULTS

APPENDIX 5.A — Working Group A Raw Results
Table 3 - Group A Identification of Performance Needs Summary

Current Equipment Current Practice and Usage
» Face piece is weakest component Conditions of Use
+ Straps fraying * Imminent hazard indicator — temperature,
» Parameters to define limits of operability of heat flux or rate of rise of temperature
lens indicator
» Optically clear » Duration and intensity of exposure
* Impact * How long can a fire fighter survive?
* Abrasion resistant * Representative fire exposure
+ Distortion requirement » 300 °F to 400 °F minimum in hallway
» Thermal performance * 500 °F
» PASS performance — multiple tones/failure « >1200 °F t01500 °F during
to recognize flashover/in a room with fire
* Thermal warning device » Survivable fire exposure
» Temperature display «  80kW/m? TPP test
* Ensemble Testing * Radiant/Convective
Future Trends Operational Concerns
* Glass lens » Temperature range extremes: hot to cold,
« Composite lens cold to hot
 Flat lens geometry (watch glass —quartz) |+ Nose cup deflecting cool air to exhaust
* Adequate thermal props » Soot layer on the lens
* Two part Acme goggles + Simultaneous exposure to heat, impact and
* NASA space shuttle windows rub tests
» Peel away sacrificial layer Training Concerns
* Provide additional cues to hazard » Insufficient quantity of live fire training
» PPE prevents sense of hazard » Inexperienced fire fighters -losing a
» Bimetallic strip alarm generation
« Temp indicator * Loss of generational experience
* Radiant heat/temperature indicator » Fewer fires today
* Worse case algorithm * Promoted from EMS to fire captains
* Audible alarm (FF + IC)
» Reflective Coating . .M
- Loss of Experience . Unlfo_rm testing of entire ensemble_
. Elat Pack + Consistent Wlthoenwronment FF will
. . encounter 500 °F
* Wear into confined space * More Realistic radiant exposure test
» Decreased physiological burden e P
. » Trade off visibility/better performance
» Lessflexible when charged + Standard and SCaM documents
» Less effort - FF can spend more time
in fire
» Different ratings for masks
» Confined space
* Fire
» Non-fire
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Table 4 - Group A Development of Research Priorities Summary

Short Term Research Needs Long Term Research Needs
* Lens — improve material * Lenssystem - improve materials -
« Communications implementation 15 years
* Interface with SCBA » Communications - crew/IC
» Representative scenarios where lens are not | « Technology integration
performing * Information overload
» trapped / lost FF » Enhanced standard uniformity
 daily or routine use » Uniform performance levels

» ID thermal stresses - use to improve
testing methods

» Adhere to best practices
» Behavior
» Training program

* Quantify usage areas
» Peer review — best practices
«  KW/m?, temp, time

» Temp Indicators / displays
 TICor HUD

» Unified performance requirements between
SCBA and PPE

» Define fire environment
« Radiant / convective - develop

appropriate test protocols

Other Issues Single Message Expressed

* Funding for lens replacement » Unified equipment performance criteria
» Fire Grants vs. SCBA main. budgets * representative & realistic

» Department involvement -  Failure point should not result in death
« Knowledge gap « weak link should not be respiratory
» Information dissemination * Funding Resources

* Engage service organizations IAFC, IAFF * Information dissemination
NVFC, NIOSH etc. » Training
» Fire service media » Equipment

» Regulation-
* NIOSH advisory to replace?

» Address adherence to best practices
» Behavior
* National and local
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APPENDIX 5.B — Working Group B Raw Results
Table 5 - Group B Identification of Performance Needs Summary

Current Equipment
Need to have approach that considers entire
ensemble (For both severity and frequency)
Need inherent built-in methods for
“warning”
Need to define environment
* Normal vs. ordinary vs. emergency
(where we want “survival”)
* What levels of protection do we want
Need to clarify product life cycle
Need to identify factors that cannot be
compromised (e.g. transparency, impact
resistance) in addition to thermal
characteristics
Need to consider not only equipment
enhancement, but also technology for other
purposes (e.g. early and reliable warning
system)
Feedback from the field is that the mask is
the current weak link
Consider alternative materials (e.g. layering
of materials)
Not practical to lower current protection of
other gear. Improving mask protection is
the practical option
» Exception: Mandating an upper limit
for TPP (possibly for certain
components like hoods or gloves)
Consider impact of added face piece
accessories used with current materials
Design to prevent “catastrophic failure”
Repeatable sequence is “rapid fire growth”
Data is lacking and needed on repeatable
exposure and the long term effect
Establish priority of performance
characteristics
» Impact (catastrophic consequences)
» Thermal Resistance (catastrophic)
» Abrasion Resistance
* Transparency
+ Cost
+ Life cycle/durability
« Some are more convenience by still can
lead to injuries and fatalities indirectly.

Current Practice and Usage
This is a behavioral and training issue
Need straight-forward signal that users can
easily relate to (e.g. measuring rate of
temp. change)
Current fire service environment is highly
variable
Design for protection needed in room next
to room that flashed
Need better understanding (training) of
gear care and maintenance

Future Trends
Consider special equipment specifically
designated for flashover training
Consider additional flip-down lens or other
supplemental lens
Consider active cooling system
Provide built-in warning methods
Measurement of inhaled air temperature
Might have to look at minimizing weight

Single Message Expressed
All ensemble elements should be
equivalent in performance
Extend survivability time in emergency
conditions.
Optimize best use of existing materials
through reevaluation using existing and
new test methods
Must address behavior, usage, training, and
education.
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Table 6 - Group B Development of Research Priorities Summary

Short Term Research Needs

Identify Training Needs
Identify flux level for lens failure
» Mechanical (can have engineered

solution)
* Human (e.g. Training)
» Combination of both
Identify mechanical solutions for lens
failure
Identify human-based solutions for lens
failure
Evaluate existing test methods (e.g. flux,
temp, time, etc.)
Collection of credible data on actual field
usage (not only LODD events)
Clarify impact of repeated exposure (i.e.
Training vs. field ops)
Establish pro-active approach to use
current info and best practices for training
programs (thru NAFTD-North American
Fire Training, USFA-NFA, etc.)

Long Term Research Needs
Address training needs
Hold “Project Fires” part II with a
comprehensive overview of issue to
establish target usage (w/ meta-analysis)
(e.g. national/international involvement)
Revise or develop new test methods
Establish framework and protocol for long
term data collection needs (e.g. PASS
device, autopsy, etc)
Holistic ensemble testing (e.g. develop
ensemble TPP thresholds, min/max)
Development of active warning system
Development of new materials, designs,
and approaches (e.g. active cooling)
Establish research clearinghouse

Other Issues
Groups/organizations needed (and not
currently involved
» Academia, DOD, NASA, USFS, etc.

* International

» Other technical committees (e.g. NFPA
1500, 1403, 1971, 1981, 472, and 1800,
ASTM, ISO)

Single Message Expressed
Determining flux, temperature and time is
critical
Address training needs
Evaluate current state of the art, educate
approach for improvement, enhance
design, materials, equipment to improve
survivability

50




APPENDIX 5.C — Working Group C Raw Results

Table 7 - Group C Identification of Performance Needs Summary

Current Equipment

* Lensis number 1 priority, followed by the
face piece, and the rest of the SCBA

« Complete ensemble testing

* Pressure boundaries should be maintained

« Training and behavioral issues contribute
to equipment failure

« Surviving a catastrophic event is critical
« Should survive 1 flashover

» Mask temperature does not equal
environment temperature

Future Trends
» Should we go backwards and reduce/limit
the level of protection in the rest of the
equipment?

* Fire fighter could better sense the
danger of the environment and acted
cautiously

* Use new materials

» Polyethersulfone has a heat deflection
temperature about 100 °F higher than
polycarbonate, and is almost as
transparent

» Gold coating to reflect heat

» Changes to the standards are the effective
way to push technology to advance

» Test parameters higher/lower

»  Will another component just become the
weakest link?

*  Would a new SCBA still fail in a
catastrophic event?

Current Practice and Usage

All situations are important to design for
There is no such thing as routine fire
fighting

High temperature exposure is operational
concern

SCBA should be tested as an ensemble
Use the HUD to monitor the temperature of
the lens for pre-failure indicator

The same mask should be used for training
and fire fighting

Training can help change the fire service
culture, which values dangerous “macho”
behavior

Enforcement of training is difficult
Several points to emphasize in training
involving personal responsibility

* Visual inspection of equipment

* Don’t walk into the fire

* Follow best practices

Multiple agencies partner on a video,
similar to Houston’s demonstration,
showing the limits of the equipment to
distribute and use in training

* Videos would have high impact

Other Issues
Face piece/lens test
A wipe/impact test that occurs after
conditioning
Complete ensemble testing
ANSI-Z87.1 transparency test may not be
passable by new materials
Single message would be to address the
training/culture of the fire service in an “in
your face” manner with a video created by
a joint effort with NIOSH, NFPA, 1AFF,
IAFC, IFSTA, DELMAR, NVFC, NIST
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Table 8 - Group C Development of Research Priorities Summary

Short Term Research Needs

* Research new material (polyethersulfone)

«  Other 3" party evaluation (NIOSH,
NIST, other)

* Test visual acuity

» Test thermal properties

» Test impact/abrasion resistance

» Define heat flux/temp levels for
survivability

* Replicate “real world” conditions in
reproducible lab tests
* What are the fire conditions?

* What are conditions immediately after
event?
* Produce and evaluate a
survey/questionnaire after incidents where
masks are damaged, for gathering
information
* Need to determine what information
needs to be gathered

» Should be short, 4-5 questions, and
have pictures to show examples of
damage

Long Term Research Needs
Create a temperature tag on the respirator
to gather real time data
New test method
* heat exposure
* heat/flame
Long term: use/practice
* Training tools tailored to the “new
generation” of fire fighters
* You-tube, video games, etc.

Other Issues
» Groups to be involved
» Technology/Training warehouse
» Responder.gov clearinghouse
« Survivability training for fire fighters,
simulators, similar to what the military uses

Single Message Expressed
There are limitations of the PPE, and this
must be stressed in training
Discipline is a related issue
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