Concept

Evaluation of CCBA requires three areas of scrutiny:

CAPACITY - How far will thas apparatus carry me? How many liters of
usable oxygen are in it?

PERFORMANCE - What are [ts characienstics in terms of siressors;
ie., bevels of CO, and O, tamperature and pressure?

WEARABILITY - Human Interface; i.e., if | bend owver, will it cut or burm
me7? Does it interfere with my actvities?

Any testing protocol addressing these three levels of scrutiny
must include:

- A quantitative work |oad

- Continuously menitored stressar levels

- Tast lermination only when axygen supply is expended or if a stressor
exceeds @ safe imit

- Apparatus classified by quantity of usable cxygen

Old versus New

Current tests:

- gpacify activities rather than work load,

- provide for monitaring siressors only occasionally;

- and at predetermined timas;

- classify apparatus by duration, affected by user's weighl and activity.

Proposed tosts:

- specdy quantitative workload,

- provide for continuous monitoring of stressors,

- lerminate only when oxygen supply is expended af if stressor imits
are exceaded,

- classify apparatus by liters of usable oxygen.

Three tests - three areas of scrutiny

Capacity
- Run at a constant, moderately high work-rate.
= Run until ampty.

Porformance
- Monitor apparatus performance at high and low wiork rates while
- Evaluate performance of entire apparatus, not individual

—
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Closed-Circuit Breathing Apparatus

Development of Performance Requirements

Capacity Test

WO, (Limin} VCOo Ve
: 4L.Im|:|] {Limin) RF (Breaths/min)
1.35 115 a0 PP

«The capacity rating will be determined by multiplying the |owest duration oblained in any of the
Capacrty tests by the oxygen consumption rate, 1.35 Limin, reunded down to the neansst 3-L
incramant In addition to the capacity rating, in parentheses on the labal shall be given the loweast
duration obtained in the Capacity test as an expected duration for a usar of average weight at a
moderately high work rata.

Advantages of rating by capacity rather than by duration
-The duration obtained from a CCBA is inversely proporbonal to the use rate. Capacity is largely

unaffected by use rate.
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- Usars are not mislead into thinking that the apparatus will last therm a certaln duration no matter
how much they weigh or what they oo while wearing it

Fossibia Travel Distancs v, Ussr's Welght
Upright, Level Walking, Fiat Ground, 100 L of Onygesn
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Closed-Circuit Self-Contained Breathing Apparatus

(CC-SCBA) Program

aJr.

Frank Paly

Goal

Develop new performance requirements for the Closed-Circuit Self-
Contained Breathing Apparatus (CC-SCBA) and promulgate them
as regulations into Title 42 CFR Part 84 which Includes the
following:
» Based on latest creditable human physiological facior imits and
ergonomics
+ Allow latest technology and innovative designs be tested and have
flexibility io accommodate future technology
» Ensure MIDSH-cartified apparatus provides adequale protection o
the waarar and are “safe-to-use”

* Incorporate into Standard Test Procedures (STPs) the required use
of test squipmant that employs state-of-the-ar technology 1o test the
performanca requirements

= Prowide Chemical, Biological, Radiological and Nuclear (CBRN)
protection (optional requirements)

+ Provide fire resistant protection: high radiant heat and flama
resistance (optional requiremeants)

Partners

.5, Ammy Research, Development and Engineering Command
Administration (MSHA) ; -
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Summary of Conceptual Changes, CC-SCBA, Subpart Q

Dascriplion

Faceplece

Eye Piece

Breathing Bag

Breathing
Performance

Operational
Performance

CBRN Performance

Subpart O is a new module that contains exclusively the requirements
of Pressure Demand and Demand types of Closed-Circuit SCBA
designed for entry and escape from Immediately Dangerous 1o Life and
Health (IDLH) atmospheres

Add a Laboratory Respiratory Protection Level (LRPL) performance
requirement intended to be replaced by a Total Inward Leakage test

Add fleld of view, fogging resistance, haze and luminous transmittance,
and abrasion resistance performance requirements, and update impact
resistance performance

Add a kercasng and toluane vapor permeation resistance performance
redUinsment

Imiplement the use of an Automated Breathing and Metabolic

Simulator (ABMS) to test the breathing performance of the apparatus
for human stressor neads of CO,, O,, breathing pressures and wed-buld
tamparature outputs. Breathing performance includes Capacaty,
Parformance and Wesarability requiremants which will be tested with
bath the ABMS and human subjects. Replace service time rating with a
Capacity rating

Update Operational performance requirements tested both at ambiant
temperature and at a manufacturer's recommended low temperalung

Include optional CBRN parfarmance requinements:
- Human stressor to ba compliant with NFPA requirements
- Temperature-Extreme Operational Performance
- Durability of vibration endurance, corrosion resistance and dust
resistance
- Communication Performance
- Chemical agant resistance to Sulfur Mustard (HD) and Sarin (GB)

Include opticnal high heat and flame resistance parformance requirements:

- Operational performance of the apparatus when exposed to the
high heat and open fiame tes! specified in Section 8.11 of
NFPA1881-2007.

performance requirements include the following:

- Fabric flame resistance

- Fabnic heat resistance

- Thread heat resistance

Orhear
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(1) CC-SCBA - Base Performance Requirements

Timothy Rehak

Goal
Develop new performance requirements for the Closed-Circuit Self.
Contained Breathing Apparatus (CC-SCBA) and promulgate them
as regulations into Tite 42 CFR Part 84,
Partners

U.S, Army RDECOM, NIOSH, NFPA and MSHA

Stakeholders

User groups and menufacturing organizations including LINWA,
IAFF, IAFC, IAB, BCOA, NMA, LUSWA and ISEA

Full facepiece - LRPL
B W

hd

+  The CC-SCBA shall have a8 measured
LRPL value greater than or equal to
10,000 when the entire CC-SCBA is
tested (minimum of B tasted).

+  The measured LRPL value for the CC-
SCBA facepiece shall be greater than
or equal to 500 when the CC-SCBA
facepiece is tested using an adapler
and P-100 filter (approximataly 11-25
testad).

Face ele
Shall be designed and constructed to be impact and penstration
resisiant by meeting the requirements of ANSI 287.1-2003.

Permeability resista

CC-SCAAs shall be tested for B-hour durations In:
sone unit in & gasoling saturated atmaosphere;
«on@ Unit in @ kerosens saturated atmosphere; and
«ane unit in a toluene saturated atmosphera,

mmm:wmmmmm
breathing machine st at 24 revolutions per minute
Mﬂiﬂﬂﬂﬂhm .
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Capacity Test Requirements

Four (4}CC-SCBAs will be tested as follcws

«Two (2) sach on a NIOSH automated breathing and
metabaolic simulator (ABMS)

«0One (1) each on an ABMS afler being cold scaked, far
a minimum of 24 hours, at the cold-temperature limit
recommendad by the applicant

« One (1) each by a human subject on & readmill

The capacity rating will be determined by multiplying the
lowest duration obtained in any of the Capacity tests by
the oxygen consumpdion rate, 1.35 Limin, nounded down
to the nearest 5-L increment. In addition to the capacity
rating, in parentheses on the label shall be given the
comresponding duration obtained in the Capacity test as
an expected duration for a user of average wesght at a
moderately high work rate

Metabolic Parameters for the Capacity Tests

Vo TN | | e |

; 1,35 ST 30 18

VO, = Volume of oxygen consumed minuts VG0, = Volume of carbon dicxide producediminute
Ve = Volume of gas sxhaledminute RF = Respiratory frequency
Performance Test Requirements

Four (4] CC-SCBAs will ba tested as follows:

*Two (2) each on a NIOSH auvtomatad breathing and metabolic simulator (ABMS)

«Dna (1) each on an ABMS after being cold soaked, for a minimum of 24 hours, at the
limit recommended by the applicant.

+ One (1) each by a human subject on a treadmill.

Test uence

Wark-Rate Duration Vo, Vo, Ve RF

Test Sequence percycle | (Limin) | (Limin) | (Limin) {breaths/min)
Peak & min. 3.00 10 65 15
High 15 min 200 1.8 “ 0
LR | 10 min, 0.50 040 b1} 1
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(2) CC-SCBA - Development of Capacity, Performance, and

Wearability Requirements

Nicholas Kyriazi

Concept

Evaluation of CC-SCBA requires three areas of scrutiny:
CAPACITY - How far will this apparatus carmy me? How many |ders of
usable oxygen ara in if?

PERFORMANCE - What are is characteristics in terms of siressors
i.e., levels of CO, and O, temperature and pressura?

WEARABILITY - Human interface; i.e., if | bend over, will it cut or burn
me? Does it interfare with my actitias?

Any testing protocol addressing these three areas of scrutiny must
includa:

- A gquantitative work load

- Continuously maonitored stressor levels

- Test termination only when coygen supply is axpandad or |f a stressor
exceeds a safe limit

- Apparatus classified by quantity of usable oxygen

Old versus New

Current tests:

- specify activities rathes than work load;

- provide for monitoring stressors only occasionally,

- @nd al predelermined times;

- classily apparatus by duration, afected by user's weight and actwity.

Proposed tests:

- specify quantitative workioad,

- provide for continuous monitaring of siressors,

- larminate only when oxygen supply is expended;
- classify apparatus by liters of usable oxygen.

- three s of scrutin
Capacity
- Run at a constant, moderately high work-rate.
- Run until useable cxygen is expended.
mul

apparatus performance at high and low work rates.
mmu mm not individual

COMPONENts.
- Repeat 30-minule, 50-L, cycie unti useable oxygen is expended.

|CDC ok T i g

Capacity Test
0, consumption rate CO, production rate  Ventilation rate  Respiratory frequency
(VO,) {Limin) (VCO,) (Limin) (Ve) (Limin) (RF) {Breaths/min}
1.35 1.15 30 18

=The capacity rating will be determined by multiphysng the lowest duration obtained in any of the
Capacity tests by the coygen consumption rata, 1.35 Limin, roundad dawn ba the nearest 5-L
incrament. In addition to the capacity raling, in parenthieses on the labal shall be given tha
cormasponding duration ablained in the Capacity 1es! as an expactad duration for a user of average
weight at a modesately high wark rate

Advantages of rating by capacity rather than by duration
-The duration obtained from a CC-SCBA is inversaly propartional to the use rate. Capacity is
largedy unaffected by use rate.

O i Oy Hanieg
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- Uisers are not mislead into thinking that the apparatus will last tham a certain duration no mathar
how much they weigh or what they do while waaring i

Possible Travel Distanes v User's Waight
Upright, Level Walking, Fiat Ground, 100 L of Oxygen
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(3) CC-SCBA - Chemical, Biological, Radiological and Nuclear

(CBRN) Optional Requirements

Jonathan Szalajda

CBRN Requirements

§84.521 Chemical, biological, radiclogical, and nuclear (CBRN) CC-SCBA;
Optional requirements; for Use Against CBRN Agents.

(s} A CC-SCBA designed for use as respiratory protection during enfry into IOLH
CEBRMN hazardous atmospheres shall meel or exceed the opbional performance
requirements specified in §84.521 through §84,526 of Subpan O

{b) NIDSH approval is abtained for CBRN Protection after it has been determined
by NIOSH that the device has met the minimum parformance requirements in
§84.500 through §84.520,

§84.522 Additional Requiramants for CBRN CC-SCBA:

{a) Operational Performance test is o evaluate the performance of the CC-SCBA
and not the capacity.

(b} The CC-SCBA shall not excead the ranges of human strassare listed in Table
& An excursion |s considered to be going outside an accaptable range for mare
than one minute, Operating averages are minuie averages averaged over the
entire duration of the test

(1) The CC-SCBA shall be tested on an aulomated breathing and metabolic
simulator (ABMS) in accordance with the Test Regimen of Table & that consists of
the Test Parameters and Workioads described in Table 6a and the Test Time
Duration per Assigned Warkioad described in Table 6b.

Refer to Draft Subpart Q: Closed-Circuit Self-Contained Breathing Apparatus-May
28, 2008 for other requirements and test conditions of this section.

Table 5: Human Stressors and Acceptable Range Requirements

Human Stressors Acceptable Acceptable
Operating Average Exeursion
Requirement Requirement
Average inhaled CO. <].5% by volome | <4,0% by volume |
Average inhaled 0 19, 5% by valume | = 15.0% by volume
End-of-Inhalation wel-bulb temperatare’'! | < 43°C (1094 °F ) SH‘C;IL'LI! 'E!
Peak Exhalation Pressure (PEF) = 200 mm, H,0 < 200 mm, H,0
| Peak [nhalation Pressure (PIF) 20 mm, HO Z0mm,HO |

11} Wal-Duls temperature s @ measiemant af the temparature of a wel surface. i rprasents
the tamperature of 1ha inhated brealhing gas in the CC-SCEA user's traches

|CD Wiorkplace
i'-nl- by el Heoltr

§84.523 Temperature-Extreme Operational Performance Requirements.

The CC-SCBA shall be tested for Temperature-Extreme Operational Performance
and meat tha requirements in paragraph 84.522(a), (b}(1). bi2) and b(3) except for
the wet-bulb temperature breathing gas requirement in Tabke 5 during the hat and hot
famparatura shock conditions when tested in accordance with the fallowing

{1) The Temperature-Extreme saquence shall start with the Cald condition lieted at
the tap of Table 7, and and with the Hot Temperature Shock condition listed at the
bottom of Table 7.

(2) The cold temperature shall be the same minimum temparature specified by the
applicant in accordance with Section § B4, 502(e)(8).

(3} The apparatus shall be placed in an amblent environment of 22°C £ 3°C {T1.6°F £
5.4°F) with a redative humadity of 50 parcent + 25 percent for & minimurn 12-hour dwell
after being lested in each environmental conditian

(i} Those components or matarials expended during normal apparatus cperation shall
be replaced after the dwell period between environmental tes! conditions

Table 7: Temperature-Extreme Sequence Test Conditions, Temperature,

Duration and Procedures

Environmeni Temperature Test duration Test procedure

Cold (*RBA) * RBA Tamp + 2°C Cold soak for a | Perform test mt * REA
(RBA Temp "F & 3 6°F) minimaim of 12 | Temp  2°C (* RBA

hoars Temp °F + 3.6°F)

Hot TIC£IC(198°F £ Hot soak for a | Perfiorm testat T1°C = |

16"F) minimum of 12 | $°C (159.8°F £ 9°F) |
hours

Cold N C&2°C(159.8°F + Hot soak for 2 | Initinte test within 3

Temperature 1 6°F) transforved to * RBA | minimum of 12 | minutes after

Shock Temp # °C (* RBA Temp | howrs; initinte | eransferring apparmius
"F = 3.6°F); Test testwithin 3 | to cold chamber
temperature shall be * RBA | minutes in cold
Temp & 2°C (* RBA Temp | chamber
*F+16F)

Hot * REA Temp = 2°C Cold soak fot » | Initiate test within 3

Tempersture | (* RBA Temp *F £ 36°F) | minimum of 12 | minutes after

| Shack transferred 16 71°C + 1°C | hours; initiste | transforring spparatus
(159.8°F £ 3.6°F); Test fest within 3 | to hot chamber
temperature shall be minites in hot

L T15C + $°C (149.8°F & 9°F) | chamber
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(4) CC-SCBA — CBRN (continued) and Firefighter Protection

Optional Requirements
Timothy R. Rehak

Chemical, Biological, Radiological and Nuclear

(CBRN) Requirements

§ 84,525 Communications Performance Requirement for CBRN Use.

{a) Tha CC-SCBA shall have a means of communication capable of achieving an
average calculated value of not less than B0 percent when tested in accordance
with Section 8 10 of the Natanal Fire Pratechon Association (NFPA) 1981
Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire
Emergency Services- 2007 Edition

(b} Under the autharity stated in § 84.63(c). NIDSH will make tha delesminatian in
fhe future whathar 1o require the performance requirement stated in § 84, 525(a)
and § B4.528(a) through § B4.531(a) be testad in accordance with the NFPA
1881- 2007 Edition or a later Edition of NFPA 1981 for new applications when
MIOSH deems the latar Edition of NFPA 1981 serves as a more thorough test ar
is more beneficial to establish the quality, effectiveness and safety of the CC-
SCBA. The test method described in the later Edition shall be equal to or more
siringant 2 the last described in the current NFPA 1981-2007 Edition. If deamad
necessary, NIOSH will revise the Edition in this document by Policy Letter and will
inform all interested parties by writing a Latter to All Interested Parties.

Against
and Sarin (GB) Agent Test Requirement for CBRN Use,

components and accessories, shall resist the
mumﬂmmmmmmmm
mﬂmmwmumwmmlnm
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Table 9—Test Parameters of Vapor Challenge of SCBA with Sarin (GB)

Vapor | Breathing | Mazim
challenge | machine
time alrflow d b systema | Dwration
[mmhmiibed ) rate bested {hours)
{1 min)

"I The wapar challenges generation shall be mitisted immadabaly after 1881 chamber has

M Tha test perod bagins upon nitial generation al vaper conceniraton

M Thres consecutve sagueniial test dota points at of axcesding 0.0BT mg/m? shall colactive
consifute a fallure where sach test value (s based on a detecior sample lime af Bponod
minuies

19 The cumuiativa Ct inCludng all peak data poirs shal nol be axcasded for he duration af the of the
s (5} hour hest

= Decay rate of wapor challenge shall foliow the same profile &5 the decay rete of tha NIDSH CBRN
Standard for Opan-Circuit GCBA

™ Absolube voluma with the nir parameters being the following: Temperature = 32°C £ 1°C (B8.E°F 2
1.8°F), Atmospharic Pressure Al Gaa Level = T80 mm Hy and saturation = 100%

Firefighter Protection Requirements

§ 84.527 Firefighter Protection Requirements for CBRN Use (Optional and in
addition to Section § 84,521 through § B4.526 of Subpart Q).
A NIOSH prohibition exists, as stated in Faderal Register (30 FR 47456), for
eniry info high radiant heat and opan flame environments while wearing a pure
oxygen, positive-pressure CC-SCBA. However, optional testing may be obtained.
In the event that this prohibition is Bfted sometime in the future, approval could
then be granted without additional testing. Sections § 84,527 through § 84.531
spacifies minimum requirsments to ansure that the CC-SCBA possesses some
features of high radiant héat and open flame resistance charactenstics. These
requirements are nol meant (o sanclion its use in high radiant heat and opan
flame anvironments unless NIOSH repeals the prohibition,

§ 84,528 Heat and Flame Resistance Performance Requirement.

{a) The CC-SCBA and its accessonies shall maat the following requirements when
tested in accordance with Section B.11 of NFPA 1981- 2007 Edition with
modifications made to the test apparatus and procedure to sccommodate a
CC-5CBA:

(1) Thia peak exhatation pressure shali be = 200 mm H,0 and the peak inhalation
pressure = 0 mm, H,0 when measured as described in § B4.517(a).

(&) The components of either the SCBA or iis accessories shall have an after-flame
no greater than 2.2 seconds.

{3) The components of either the CC-SCBA, or its accessories shall not separate or
“fail in such a manner that would cause the CC-SCBA to be wom and used in a
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(5) NIOSH Oxygen (0,) Prohibition

Timothy R. Rehak

Existing Prohibition

Available information does not demonstrate to the
satisfaction of NIOSH that positive-pressure closed-circuit
self-contained breathing apparatus (CC-SCBA) which use
a breathing gas of pure oxygen can be used dunng direct
exposure to open flames and/er high radiant heat and
assure the wearer's safety. Therefore, NIOSH has
determined that until it has been demonstrated to the
satisfaction of NIOSH that those devices can be womn
under such conditions, it is prudent to presently limit the
use of positive-pressure closed-circuit self-contained
breathing apparatus which use pure oxygen breathing gas
to atmospheres which do not involve exposure to open
flames or high radiant heat.

Partners

NIOSH, NFPA, IAFF, IAFC, MSHA, and Manufacturers.

Stakeholders

User groups and manufacturing crganizations including UMWA,
IAFF, IAFC, BCOA, NMA, and USWA

Proposed Fire Resistant Protection for

Closed-Circuit Self-Contained Breathing
Apparatus

Include optional Heat and Flame Resistance Protection performance
requirements:

performance of the apparatus when 1o the high

*Oparational
heat and open flame test specified in Section 8.11 of NFPA1981-2007.

Other heat and flame resistance performancs requirements included the
fallowing:

Workalaoce
safety and Health

Heat and Flame Testing Conducted

Intertek, June 2005

Traeatmont - Secton B 115 of NFPA 1981, 2002 Edition {tested without live
oygen)

Problems noted:
«After lame beyond 2.2 seconds
*Hose
~Hamess
~Facepiece hose connector
«Hale burnt throwgh the hose
*Hole burnt through the facepiece hose connecior
*Backpack fell off the mannequin
*Bypass valve was fusad shul.
*Oicygen botthe strap was burnt through

Mote: Tested CC-5CBAS were not hardenad for the heat or flame teat.
Automated Breathing and Metabolic Simulator (ABMS) Testing after
retrofitting — no difference from untreated units.

Dekra Exam, July 2007

Treatment - Department & of the Association for the Promatian of German
Fire Safety, Guideline 0802 (lested with coygen).

Problems noted:
MNone — miet requirements of EN137, Section 8.11.2.2, Flama Engulfmant.

Nole: CC-SCBA was hardened for the heat and flame test.
Intertek, March 2008
Treatment - Section 8.11.5 of NFPA 1581, 2007 Edition (tasted with live
oxygen).

noted:
- =0né unit had a small flame on the lower left side of the facepiece, This
‘caused a lsak into the mask, which engulfed the unit eventually into

g

- flames during the post test airflow.
W had a slight afierflame after the 2.2 seconds. Fallow-up test
- onan ABM mmm untreated units.

NPPTL?";
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(6) CC-SCBA - Standard Test Procedures

W. P. King

Goal Referenced Standards
For Proposed Subpart Q, ensure up-to-date standard test procedures (STPs) P E—— BT =
are available for new, revised and current (continued) performance gl bl p:;;wh
requirements for closed-circult breathing apparatus (CC-SCBA). STP L tand trati 84,507
development includes: ANSI ZBT.1-2003 B i a)
+ Incorporating state-of-the-art technology into performance requirement ASTM D 1003-00 Lens optical requirements  84.507{d)
testing ASTM D 1044-99 _Tast specimen requirements  84.507(d) |
United States Pharmacoposia (USP) | Breathing gas B4 508
¢ Benchmarking new procecres ] e = Compressed gas cylinder valve | 84.510 [d) |
CGA V-1 -2005 outiet and inlet connections
+ Elimination of tests for obsolete requireamants ]
[8.3.4.2] Vibration shock Ba.524{a)
[6.10) Communications B4.525(a)
New Standard Test Procedures Wl U g
NFPA 1981- 2007 Edition [section] | 111 Hestand flame resistance | 84.528 (a)
Proposed Statu [7.4] Fabric flame resistance 84.529
ren oLy paragraph : " [7.5] Fabric heat resistance 84,530
Breathing bag toluene and | oo, 4 gp ST 0134 84516 Dramt | 2o
herosens permaation =5 - ; [7.6] Thread heat resistance 84,531
Cap determination® PSD-ASR-ETP-0117 B4.518 | Banchmark - s
84519 | Bonchmark MIL-STD-810F, Environmental Test Mumod 8004 ek Sy B84.524(b]
| Woarability PSO-ASR-STP-0130 84520 | Draft Mithods Method 510.4 blowing dust | 84.524(c}
*Color matches that of superseded STPs in last table
Vibration enduranca
benchmarking
i " TopicTitle | Current STP Number | Ref. 42CFR paragraph
Daot. of positive pressure-CC-3CBA | RCT-ASR-STP-D11T | BA.TO{a)(1), B4.50(a), FR v 50
¢ 222,11118085
Det. of rated service tima RCT-ASR-STPO121A MWI&IH.
B4.003
Det. of alarm pressure RCT-ASR-STP-D124A | B4.B4.B3(a)N, ] {
3 -5, .'. ' ; m"“w"m

Det. of low-lempérature operation = RCT-ASR-STP-0143

Practice
arime vl
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Supplied-Air Respirator (SAR) Program

Jeffrey D. Palcic

Goal Stakeholders

Develop new performance requirements for the SAR and promulgate
them as regulations into 42 CFR Part 84 which includes the
following:

+ Rewvise and update minimum requirements used to determine the
effectivenass of SAR during entry into and escape from atmospheres
not Immediately Dangerous 1o Life or Health (ron-IDLH)

OSHA, Respirator Manufacturers, Employers, Labor Uinions,
Respirator Lisers

Milestones
+ Base on latest creditable human physiological factor limits and S
ergoncmics
JQFY08 Post drafi SAR requirements to the NIOSH websita

« Allow the latest technology and nnovative designs fo be tested and
have sufficient flexibility to accommodate future technology

+ Ensure that NIOSH certified SAR provide adequate protection to the 4QFY08 Post the revised draft of SAR requirements to NIOSH website
wearer and oparate safety

« Incorporate into the standard test procedures (STP) the required use EE !E
of test aquipment that employs state of the anl technology 1o test the Expected Outputs

Prasant the new SAR requirements at pulblic meeting

performance requinaments
+ Davelop minimum requirements to determine the effectivenass of * Update requirements io align with cumment technalogy
combination SAR/self-contained breathing apparatus (SCBA) used i
for escape from chemical, biological, radiclogical, and nuclear ”mmm rfm";‘ and standard operating procedures (SOP) for current, new, and CBRN
{CBRN) (optional requirements) atmospheras that are iImmediately )
Dangerous to Life or Health (IDLH) « Faciltate development of a greater vanety of SAR designs

+ CBRN Certifisd SAR
+ Publish final rule in 42 CFR Part 84, Subpart J

Expected Outcomes

« Improva SAR performance for general industrial workers, and emengency responders
+ Avaitability of SAR for use in CBRN environments

wWorkplaocaes
Safety and Haalth




(1) SAR Base Requirements

Descriptions of Airline and Airsource Respiratory Systems
William Hoffman

Airline System

Supplied-Air Respirator — Airfing: A respirator equipped with a pressurized
air hose which s used for entry into atmospheres not immediately dangerous
to life or health, which utilizes a source of respirabla breathing air and
conglsts of an Airfine hose, detachable coupling(s). control valve, orifice,
pressure demand valve, an arrangament for attaching the hose to the
wearer, and a respiratory inlet covering usually consisting of a tight
facaplace, loose hood, or heimetl.

Airsocurce System

Supphed-Air Respirator = Airsource; SAR, for entry into atmospheres not
immediately dangerous to life or haalth, which requires a partable blower/air
compressor, air hose, detachable coupling(s), an arrangement for aftaching
the hose to the wearer and respiratory inlet covering usually consisling of a
facepiece. hood, or helmet. Systems capable of supplying respirable air ta
four or more usars are considered “industrial plant or site-wide systems” and
are not within the scopa of this subpart.

Supplied-Air Respirator — Airsource with Shield: An Arsource SAR equipped
with additional accessories designed to protect the wearer's head and neck
against impact and abrasion from rebounding particulate and toxic material
Designad with shielding material such as plastic, glass, woven wire, sheel
metal, or other suitable material o protect respiratory inlet covering lens
which does nolt unduly interfere with the wearer's breathing zone or vision
while parmitting easy access to the external surface of such lenses for
cleaning.

NPPTL";




(2) SAR Base Requirements

Non-Respiratory Requirements
Jeffrey D. Palcic

For Use in Industrial Non-IDLH Atmospheres

Required Components Respiratory Inlet Covering Requirements

+  Aifine SAR - Respiratory inlet covering, air supply valve or orifice, air Remaln unchanged from 42 CFR Part 84, Section 84.132, and 84.135 with the
supply hose, detachable couplings, flaxible breathing tube, and harness following excepticns:

+ Airsource SAR - Respiratory inlet covering, air supply valve or orifice, air + Helmets shall meet the requirements of ANSI Z89.1-2003 Type | or Type ||
supply hose, detachable couplings, flexible breathing tube, harness, and protective cap standards. Head gear not designed lo provide head
portable blower or alr compressor pratection shall be prominentty labeled to indicate that they are nat impact

and penelration resistant

Meck seal designs shall provide a seal around the neck withoul causing
discomfort to the user and permit easy donning and doffing

Visors/Lenses of Respiratory Inlet Coverings

Remain unchanged from 42 CFR Part 84, Section 84.136 with the following
exceptions.

+ Respiratory inlet coverings shall obtain an average Visual Field Score of 80

or greater fallowing the VFS mathod described by the American Medical
Association (AMA)

+ Lans shall be designed to be impact and penetration resistant per the
requirements of ANS| ZB7.1-2003

Noise Levels
General Construction * Moise levels generated by the respirator during normal operation shall be
measured al maximum airllow obtainable within pressure and hose length
Must meet subpart G of 42 CFR Part 84 requirements and shall be less than B0 dBA at both ear canals
Fallure Mode Effects Analysis (FMEA)

» Manufacturers shall demonstrate that refiability is assessed and controlled within
their quality assurance plan by conducting a system FMEA an thair device or
component

Harness; Minimum Requirements
Body Hamess « Manufacturer shall provide a written declaration that the FMEA was completed
. gmnmmnfh'wmwmmﬂ + Manufacturer shall maintain a copy of the FMEA in their records

. Wi F} F] Kevearch o Praclice
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(3) SAR Base Requirements

Respiratory Requirements
Gary Walbert

For Use in Industrial Non-IDLH Atmospheres

Continuous Flow Class Breathing Resistance

Unchanged from 42 CFR Part B4, Section 84.148 Inhalation and exhalation resistance shall be measured inside the respiratory
inlet coverings in the breathing zone

Pressure Demand Class

Unchan from 42 CFR Part 84, Section 84.145 i
ged Respirator Respirator :!LTJT:; ;?I;m:; Tast Air Flow
s Clans Pressure Rosistance Rats
Demand Class | [ | Postive Press,
@Manuf. Spac
Eliminated Contnuous Fiow | In mexﬁ:]r::lhmg 25 mm (H,0) Work Rate
P __P_ Positive Press 51 mm (H,Q) I Kanut

Breathing Air for Airline SAR oSS | inthe Braathing | Abcve Stabe @Manut. Spec

Dema WWork Fate

| | Zona Pressura

Breathing air supply shall meet the applicable minimum grade requirements for
Type |-Grade D breathing air set forth in the Compressed Gas Association
Commodity Specification for Alr, G-7.1, 5th Edition, 2004 (Grade D or higher

qualify}

Breathing Air for Alrsource SAR

« Blowers/air compressors for Alrsource SAR shall be equipped with a CO
alarm to wamn the user if the CO concentration In the air supply is = 10 ppm
of CO

+ The temperature of the air produced by the blower/air compressor for all
Alrsourca respirators shall nol exceed & degrees Celsius above ambient as
measured at the alr entrance paint of the respiratory inlel covering

« Must maintain positive pressure in the breathing zone of the respiratary
inlet covering(s) at the manufacturer's specified work rate(s)

« Airsource SAR shall be equipped with a filter batween the partable

Breathing Rates, Low, Moderate, and/or High Rates

blower/alr compressor and the respiratary Inlet covering(s) to effectively Refer to poster "Supplied-Alr Respirator (SAR) Work Rate and Escape
remove 95% of the particles from the breathing air Cylinder Capacity”
« The filter betwean the blowerfalr compressor and the respiratory inlet 1
covering shall be easily replaceable by the user. The manufaciurer's filter Carbon Dioxide Machine Test
change-out schaduled should be followed _mq”mmmmmmenmmm
+ Compressors used to supply breathing air to respirators are consiructed J 4% not exceed one percent properly mounted on a
mmumuwmmtmummmm ._WMMWM
"Mﬁ'ﬂlﬂlﬂ' : . RENAG: - - ¢
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(4) SAR Base Requirements

Airsource Portable Blowers/Air Compressors and Air Supply Hose
William Hoffman

Airsource Portable Blower/Air Compressor

Shall be designed and constructed to maintain positive pressure in the
breathing zone of the respiratory Inlet covering(s) at the manufacturers
specified work rate(s)

Shall undergo a performance evaluation by operation at thair epecified
running parametars for & hours a day for a total of 15 days in the most
demanding configuration for which the device is to be approved. This testing
will be conducted in a laboratory with the maximum number of respiralors
mounted on head forms and coupled to breathing machines set al the
manufaciurer's maximum approved work rate

Moize levels shall be = 85 dBA at any point within a thres foot diameter of the
gystem

Any system component exceeding 60 degrees Celsius shall ba protected
against incidantal user contact

Multiple usar systems, whereby mare than one user i supplied by a single
portable blower/air compressor, may be approved, if each hose line |s
connected directly to a manifold (requires pressure gauge and regulator) at
the bloweriair compressor

Multiple user systems shall be designed such that air shall not back flow fram
ane line lo another

Multiple user systems shall be designed such that air in each line shall flow
properly regardless of ococumences in other lines (such as total blockage or
disconnected free flow)

-

! 1 Woarkpplace
Sataty and Hedalth

Air Supply Hose

All air supply hose length restrictions have been eliminated and the hose
lengths will be specified by the manufacturers. The system must maintain
positive pressure in the respiratory inlet covering. The following
requirements are based on the current 42 CFR Part 84, Table 8

Airline Supply Hose

Ajr flow - shall maintain positive pressure in tha respiratory inlet covering at the
manufacturer's specified waork rate(s) through the maximum length of hose and
greatest number of connections for which approval is sought and the minimum
specified air supply pressure

Air-Regulating ~ unchanged with the exception that the tests will be conducted
at the manutacturer's specified work rate and shall maintain positive pressura
in tha respliratory inlat covering

Alrsource Supply Hose

Alr flow - Using the blower/air compressor as the supply, the air supply hose
ehall maintain positive pregsure in the respiralory inlet covering at the
manufacturer's specified work rate(s) through the maximum length of hose and
grealest number of connections for which approval s sought and the minimum
specified air supply pressure

Airline and Airsource Supply Hose

Nan-collapsibility -unchanged with the exception that the tests will be
conducted at the manufacturer’s specified work rate and shall maintain
positive pressure in the respiratory inlet covering

Non-kinkability - unchanged with the exception that the tasts will be conducted
at the manufacturer's specified work rate and shall maintain positive pressure
in tha respiratory inlet covering

 Strength of hose and couplings - unchanged

i fy Practive
why Purimerabiges




(5) SAR Enhanced Requirements

Combination SAR/ISCBA
Jay Parker

Performance Requirements Beyond Base for use in IDLH Atmospheres

Airline and/or Airsource SAR with integrated escape cylinder

Includes all completely assembled respirators with an integraled escape
breathing gas cylinder and accessories moating the following requirements:

= Tight fitting respiralory Inlet coverings offer posilive pressure, pressura
demand pratections designed to seal 1o the face or neck

« incorporation of @ 5 minute of lenger duration escape air cylindar based on Ihe
high work rate, with air hose supply uséd during entry

= Incorporation of a 15 minute or longer duration escape air cylinder base on [ha
high work rale, allowing not more than 20 percent of the rated cySnder
capacity of air supply 1o be used during entry inio & hazardous area

= (I'the connection to air supply hose ocours in & hazardous almosphern 2era
dead volume conneciors musl be used

« The connection belween tha air hose and the rest of the respiratos, including
ithe escape air cylinder shall inconporate a check valve of other means such
Ihal no conaminated air shall reach the wearer in the event of desconnaction,
severing, or damage io the air hose and no back Now of the cylindar air
through the disconnected i supply hose shall occur

+ The connection betwean the air hose and the res! of the respirator shall be
such that bresthing air from this cylinder shall only fiow to the fight fitling
respicatory indel covering and shall nol Mow back through the supply air hose
or pneumatic ool connection If S0 equipped

+ Tha unit misl sutomatically switch 1o the escape cylinder If the air supply hosa
is disconnecied, severed, catastrophically lails or cannct supply adequale
breathing air

Supplied breathing air will be disconnectad and tha respiraor wil
mutomadically switch 1o the available SCBA integrated breathing air
cylinder source in the event of loss of air hose supplied air. This shal
oocur without logs of air pressurs to the user and with no delaciable
jrweird lemkage of comaminants

+ An slarm providing an indication thal ihe system is on cylinder air shall be
readlly visible (via light) or detectable (v sound or vibration) o the user
without manipulation of ihe respirator and without affecting protection and

CDClwereass

: mmmmmhmmﬁmﬂm#m g

Lens material haze, luminous transmittance and abrasion
resistance ‘

+ Lons Material Hare, The haze value of the primary lens material shall be 3% or less
when lesied in sccondance with AT D 1003-00

»  Lens material luminous ransmiflance: The (uminous transmitance value of the
primary lens material shall be 88% or greater whan tested in accordance with ASTM
0 1003-00

= Lons material abrasion resistance: The haze and luminous transmittance of the
peimary lens material shall be detarméned in accardance with ASTM D 1003-00
pefors and after subjecting the lens material o the abrasion fest. The abrasion lest
 ghall be conduciad in accordance with ASTM O 1044-6% using a C510F calibrase
 wheel at a minimum of 70 revalutions under & S00-gram waight. Aler the residus |s
removed from the test spacimens, the test specimens shall not exhibil an increase
of haze greater than 4% and & decrease of luminous transmittance greater than 4%

+ Al lensas of respiratory Inlel coverings shall be designed
mnmmtwnwmﬂﬂlmim
National Standard for Occupational and Educational Personal Eyo
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(6) SAR Enhanced Requirements

Chemical, Biological, Radiological, and Nuclear (CBRN)
Tim Rehak

Performance Requirements Beyond Base and SAR/SCBA for use in CBRN Atmospheres

Airling and/or Airsource CBRN SAR/SCBA

Includes all completely assembled respirators with an integrated
escape cylinder, meeting the following requirements:

« Tight fitting respiratory inlet coverings offer positive pressure, pressuna
demand protection

= 15 minute or longer duration escape air cylinder based on high work rate

* Connection of the SAR portion of the CBRN SAR/SCBA to the portable
Alrsource or Alrline must occur in the non-contaminated atmosphere
priar to entry

* No half-mask SAR shall be approved for CBRN protection

* Must meet criteria for subpart H: SCBA and those for CBRN SAR/SCBA
in this subparn

D Wl sl o laacs o
| cfahy arcd Ha otk

Chemical Agent Permeation and Penetration Resistance

Chemical agent permeation and penetration resistance against sulfer
mustard (HD) and sarin (GB) requirements:

« Includes all respirator components and acCessones

* Test on an upper torso manikin connected to a breathing machine
operating at an air flow rate of 40 Lpm, 36 respirations per minute, and
1.1 liter tidal volume

+ Respirator iested in normal operating mode with the CBRN SAR/SCBA
breathing from the air supply hose for a minimum of six hours

+ Breathing air from the air supply hose will be terminated and the SAR
mist gwitch automatically to the escape air cylinder

Simultancous liquid and vapor challenge of CBRN SAR/SCBA with HD

2 ?E E% E‘EIEE
iiiiiggéfwi

..g' asemi | 360

(1) Vaper challangs concentration shall start immadiately after the liquid drops have

; mmuhummmm

paints a1 ar exceeding 0.6 my/im? shall collectively
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(7) SAR Reference Poster

Work Rate and Escape Cylinder Capacity
Rich Vojtko

Multiple Work Rate Approvals

NICSH has tentatively defined low, moderate and high work rates
as described in the table below. These designations are not meant
to imply that they cover the full range of human physiological limits
They represent three sustainable work rates. Table #1 includes
average tidal volumes and respiration rates that NIOSH will use for
positive pressure tests using a breathing machine

Table#1 Proposed NIOSH Work Rates

Work Rate Minute Volume | Tidal Volume and Respirations

Low 25 Lpm 1.30 liters @ 19.2 respirations per minute
m I 40 Lpm 1.67 Ii:;n-;_ﬁ }.:n;:?m?wmm_“
High &7 Lpm 1.95 liters (@ 29.1 respirations per n;num S

The manufacturer shall specify the highest wark rate from Table #1

for the intended use of the SAR system. During testing, the SAR

m Worklace

Salety and Haallh

Escape Cylinder Capacity Comparison

The current version of the Draft SAR Standard allows optional
approval for an enhanced SAR with integrated escape cylinder. In
addition to meeting all base requirements, this enhanced
SAR/SCBA must meet additional requirements to ensure safe
escape from hazardous atmospheres. For escape only, the
manufacturer may choose a five minute or longer duration cylinder
capacity based on the high work rate (57Lpm) shown to the left. For
systems to be used for both entry and escape, the manufacturer
may choose a 15 minute or longer duration cylinder based on the
same high work rate. No more than 20 percent of the air supply
should be used for entry into the hazardous area, NIOSH is
considering amending these capacity designations from cylinder
duration to actual volumes. This does not change the actual
requirement, only the capacity designations. Table #2 describes
currently proposad time designations and their volumetric
equivalents,

Table #2 Escape Cylinder Capacities

Capacity SRpRY

Designation Escape Only | Entry and Escape
TimeBasis(min) | 5 [ 10 [ >100 | 15 [ >15°
Volume Basis (liter) | 285 | 570 | >570* | 875 | »875"

: mm:ummdm Specification of an exact time

*Actual capacity specified by manufacturer

EY

The purpose of the proposed change in capacity designation is to

Mhﬁtqmmaﬂnmlmng-rmu in cases of
wmmdﬁmmnmu
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(8) SAR Reference Poster

Standard Test Procedures
William P. King

Goal Standard Test Procedures Requiring Revision
Update standard test procedures (STPs) and standard operating The following standard test . |
procedures will be revised to include the new
procedures (SCOP) to reflect current, new, and CBRN performance respiratory pirlnrmanc& standards and mathods.
requiremants for supplied-air respirators (SAR)
Draft
New Standard Test Procedures STP Number STP | Ratarance
T E Topic Status | o oo
The following standard test procedures will be added to fulfill the testing | K N 1
requirements for the SAR. Several of these procedure already exist for Nm e RCT'P'SR'STPm i o s
testing other respiratory protective devices and will be modified to meat [Inhalation Arr Fiow Resistance- R (10 4
the SAR performance standards. The remainder will be developed and | Pressure Demand HERETF08 | Ofg | 44
validated. ¥ T 1 - =1
| Aiflow Resistance-Continusis Flew ; RCT-ASR-STPO113 | Orig 427
1
Topic Draft Referance Ssction .
=] e T RCTASR-STPO107 | Omg. | 427
Harness Test 4133
L alarabaion 5 Fhelid of Vidw SR Regulating Valve Cycle Performance |  RCT-ASR-STP-D104 Dirig. I 4412
Lens Impact and Penatration Resistance 4152 HEN S ity Ometen RCT-ASR-STP-O103A | Org. | 4438
Airsource Alarm Test 24,
&0 i A Flow Rlesistance RCT-APR-STP-0085 | Org, | 4421
Airsource Breathing Gas Temperaiure Test 4242
- P TIER AT AT Hose Kinkabaty RCT-ASR-STP0102 | Org. | 4432
s - SR s Hose & Coupling Strangth RCT-ASR-STP0100 | Org | 4433
Positive Pressure in the Breathing Zone @ Werk Rale 428
Facepiece Carbon Dicxide Maching Test s Hose & Coupling Tightness RCT-ASR-STP-0101 | Org. | 4434
|Facapiece Oxygen And Carton Dicxide Leveis 4210
| Laboratory Respirator Protection Level (LRPL) aan
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