Closed-Circuit Breathing Apparatus

Development of Performance Requirements

Concept

Evaluation of CCBA requires three areas of scrutiny:
CAPACITY - How far will this apparatus camy me? How many liters of

usable oxygen are in it?

PERFORMANCE - What are its charactenstics in terms of stressors;
.., levels of CO, and O, temperature and pressure?

WEARABILITY - Human interface; & If | bend over, will 1 cut ar burn
me? Does it interfere with my activities?

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

- A quantitatrve work load

= Continuously monitored stressor levels

- Test termination anly when cxygen supply is expended or If a siressor
axceads a safe limit

- Apparalus classifiad by quantity of usable axygen

Old versus New

Current tests:

- specify activities rather than work koad;

- provide for monstoring stressors anly occasianally;

- mnd at pradetarmined limas,

- classily apparatus by duration, affected by user's wesght and activity.

Proposed tests:

- specify quantitative workioad,

- provide for continuous menitoring of stressors,

- lerminate only whan oxygen supply is expended or if stressor limits

are excegded,
- classify apparatus by liters of usable coygen.

Three tests - three areas of scrutiny

Capacity

- Run at a canstant moderately high work-rate.

- Run until empty.

- Manitor apparatue performance at high and low work rates while
- Evaluate performance of entire apparatus, not individual

Work e la
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Capacity Test
VO, (Umin) | VGO, Ve
’ {L.Tmi;]n | (Uminy P (Bresthaimin)
1,35 T -

*The capacity ratng will be determined by mulbiplying the lowest duration obtained in any of the
Capacily tesis by the oxygen consumption rate, 1.35 Limin, rounded down to the nearest 5-L
merement. |n addiian to the capacity rating, in parentheses on the [abel shall be givan the lowest

duration oiained in the Capacity test as an expecied duration for a user of average weight ata
maderataly high wark rate

Advantages of rating by capacity rather than by duration

-The duration cbtained from a CCBA is inversely proportional to the use rate. Capacity is largely
unaffectad by use rate.

| _.

- Lisers are not mislead into thinking that the apparatus will lest them @ certein duration no matter
how much thary waigh ar what they do while wearing it

Possibie Travel Distance ve. Ussr's Weight
Upright, Level Walking. Flal Siound, 100 L of Oaygen
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Closed-Circuit Self-Contained Breathing Apparatus

(CC-SCBA) Program

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 physiciogical factos imits and
Rrgonomics

= Allow latest technology and innovative designs be tested and have
fexibility to accommodate future technology

+ Ensura NIOSH-cenified apparatus provides adequate protection to
the weaner and are “safe-io-use”

+ Incorporate into Standard Test Procedures (STPs) the required use
of test equipmant that employs state-of-the-art technclogy to test the
performance requirements

« Provsde Chemical, Biological, Radictogical and Nuciear (CBRN)
protection (optional requirements)

+ Provide fire resistant protecton: high radiant heat and flame
resistance (optional requiremants)

U.S. Army Research,

Occupational Administration
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Administraton (MSHA)
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Safety and Healtn
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Summary of Conceptual Changes, CC-SCBA, Subpart Q

Description

Faceplece

Eye Piece

Breathing Bag

Breathing
Performance

Operational
Performance

CBRN Performance

Fire Fightar

Subparl O 15 a new module that containg exclusively the requirements
of Pressure Demand and Demand types of Closed-Circuit SCBA
designed for entry and escape from Immediaiely Dangerous to Life and
Health {(IDLH) atmospheres

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

Add fiald of view, fogging resistance, haze and luminous transmittance,
and abrasson resistance performance requiremants, and update impact
resistance performance

Add a keroseng and toluane vapor parmeaation resistance performance
requiremeant

Implement the use of an Automated Breathing and Metabolic

Simulator (ABMS) to test the breathing performance of the apparatus.
far human stressor neads of CO,, Oy, breathing pressures and wel-bulb
temperature outputs. Breathing performance includes Capacity,
Performance and Wearabdlity requirements which will be tested with
both the ABMS and human subjects. Replace service time rating with a
Capacity rafing

Lipdate Operational performance requirements tested both at ambiant
termperature and at a manufacturer's recommended low temperature

Inciude optional CBRN performance requirements:
- Human stressor o be compliant with NFPA raquirements
- Temperature-Extreme Operational Performance
- Durability of vibralion endurance, comosion resistance and dust
resistance
- Communication Performance
- Chamical agent resistance to Sulfur Mustard (HD) and Sarin (GB)
Inciude optional high heat and flame resistance performance requinements:
- Operational performance of the apparatus when exposed to the
high haat and open flame test specified in Section B.11 of
NFPA1881-2007,
Other parfarmanca requiremanis includa the following:
- Fabric fiama resistance
- Fabric heat resistance
- Thread hest resistance

Expected Outputs

+ Elimination of obsoiete requirements with new regulabon

+ Update or a
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performance requirements
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(1) CC-SCBA - Base Performance Requirements

Timothy Rehak

Goal

Develop new performance requiremaents for the Closed-Clrouit Self-
Contained Breathing Apparatus (CC-SCBA) and promulgate them
as regulations into Title 42 CFR Part B4,

Partners

U.E Armmy RDECOM, NIDSH, NFPA and MSHA

Stakeholders

User groups and manufacturing organizations including LUMWVA,
IAFF, IAFC, 1AB, BCOA, NMA, LISWA and ISEA

Full facepiece - LRPL

-

+ Tha CC-SCBA shall have a measured
LRPL value greater than or equal to
10,000 when the entire CC-SCBA is
tested (minimum of 8 tested).

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

Facepiece Lens

Shall be designed and constructed to be impact and penstration
resistant by meeting the requirements of ANSI Z67.1-2003.

Permeability resistance
CC-SCBAs shall ba lested far B-nour durations In:
~ang unit in 3 gasoling saturated atmosphera;
+ang unit in @ kerosane saturated atmosphere; and
=one unit in & toluane saturated atmosphere,

d mmw operated during these tests by a
.m_m-dnﬂmm (rpm), 40
;hm:dtmmﬂmu miminute,

W-t 1-H-l Place
and Haalih
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Capacity Test Requirements

Four (4}CC-SCBAsS will be tested as follows:

«Two (2} each on a NIOSH aulomated breathing and
metabalic simulator (ABMS)

«One (1) each on &n ABMS after being cold soaked, for
& minemum of 24 hours, at the cold-temperature imit
recommended by the applicant.

* Ona (1) each by a human subgect on a treadmill

The capacity rating will be determined by multiplying the
lowest duration cbtained in any of the Capacity tests by
the oxygen consumption rate, 1.35 Limin, rounded down
to the nearest 5-L incremant. In addition to the capacity
rating, in parenthesas on the labal shail ba given the
corresponding duration ocbtained in the Capacity lest as
an expected duration for a user of average weight at a

moderately high work rate

Metabolic Parameters for the Capacity Tests

VO, (Limin) vCo | Ve
L [Ll"m"=.'! (Limin) RF (Breaths/min} .
1.36 1.15 30 18
VO, = Valume of axygen consumadiminule VCO, = Velums of carbon dioxkde producedminuts
Ve = Volume of gas sxhalediminute RF = Respiratory frequency

Performance Test Requirements

Four (4) CC-SCBAs will be testad as follows:

«Two (2) @ach on a NIDSH automated braathing and metabalic simulator (ABMS)
«0né (1) each on an ABMS after being cold scaked, for 2 minimum of 24 hours, at the
cold-temperatune limit recommended by the applicant.

+ Ona (1) each by a human subject on a treadmil,

nce T n
Work-Rate Duration v, Vo, Ve RF
Test Sequence pereyele | (Limin) | (Limin) | (Limbn) {sreaths/min)
Peak 5 min, 300 3.20 65 25
| High 15 min. 200 1.50 “ 20
Low 10 uim, 0.50 040 20 12

quirements

Research to Practice
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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 carry me? How many liless of
usable oxygen are in it?

PERFORMANCE - What are |ts characlenstcs in lerms of stressors,
ie., levels of CO. and O, lemperature and pressure?

WEARABILITY - Human interface; i ., if | bend over, will it cut or burm
me? Does it iMerfere with my activities?

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

- A guantitative work load

- Continuausly monitoned stressor levels

- Test termination only when ooygen supply is expanded or If a stressor
excesds a safe limit

- Apparatus classified by quantity of usable oxygen

Old versus New

Current tests:

- specify activities rather than work boad,

- pravide for monitoring stressors only occasionally,

- end at predelermined times;

- classily apparatus by duration, affected by user's weaght and activity.

Proposed tests:

- specify quantitative workioad;

- provide fior continuows manitoring of stressors;

- terminate only when axygen supply |s expanded,
- chassify apparatus by Fters of usable oxygen.

Three tests - three areas of scrutiny

Capacity

- Run at a constant, moderately high work-rate.
- Run until useable oxygen is expended,
Perfarmance

- Moniter apparatus performance a1 high and low work rates.

mummmw
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Capacity Test

0, consumption rate  CO, production rate  Ventilation rate | Respiratory frequency
___IVO,) (L/min) (VCO,) (Limin) {Ve) (Limin) {RF) (Breaths/min)
1.35 1.15 0 18

~The capacity rating will be determined by multiplying the lowest duration obtained in any of tha
Capacity tests by the moygen consumption rate, 1.35 Limin, roundad down 10 the nearast 5-L
increment. In addition bo the capacity rating, in parentheses on the label shall be given the
comesponding duration abtained (n the Capacity test as an expectad duration for a user of average
wesght at a moderately high work rate

Advantages of rating by capacity rather than by duration
-The duration obtained from a CC-SCBA |s inversely proportional 1o the use rate. Capacity is
largely unaffected by use rate.

- Lisers are not misiead into thinking that the apparatus wil last them a certain duraticn no matter
how much they weigh o what they do while wearing it

Possibls Travel Distancs v Ussr's Weight
Upright, Level Walking, Flat Grousd, 100 L of Oxygess
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(3) CC-SCBA - Chemical, Biological, Radiological and Nuclear
(CBRN) Optional Requirements

Jonathan Szalajda

CBRN Requirements

§84.521 Chemical, biological, radiclegical, and nuclear (CBRN) CC-5CBA;
Optional requirements; for Use Against CBRN Agents.

(a) A CC-SCBA designed for use as respiratary protection during entry into IDLH
CBRM hazardous atmospheras shall meet or exceed the optional performance
requirements specified in §84.521 through §84.526 of Subpart Q.

{b) NIOSH approval is obtained for CBRN Protection after i has been determined
by NIOSH that the device has met the minimum performance requirements in
§84.500 through §84.520.

§84.522 Additional Requirements for CBRN CC-SCBA:
(a) Operational Perfarmance tast is to evaluate the performance of the CC-S5CBA
and not the capacity.

(b) The CC-SCHEA shall not excesd the ranges of human strassors listed in Table
6. An excursion is considered to be going outside an acceptable range for more
than one minute, Operating averages are minute averages averaged over the
entire duration of the test.

{1} The CC-SCBA shall be tested on an automated breathing and metabolic
simulator (ABMS) in accordance with the Test Regimean of Table & that consists of
the Test Parameters and Workloads described in Table 8a and the Tes! Time
Duration per Assigned Worklioad described in Table 8b.

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

Table 5: Human Stressors and Acceptable Range Requirements

Human Stressars
n,--ﬁ.n
ir-t

m
m:mr._
_Z':.-HIM
(Peak Exhalation Pressure (PEP) | <200mn KO | <200mm, HO
mm

Wed-buib bemperaturs is a measurement of the lemperiure of & wel surfaca. il represants
m 1he inhaled breathing gas in the CC-SCBA user's trachea

Table 6: Test Regimen

Wcsrl-qr:\-lr-u or
| afely o aith

5§84 523 Temperature-Extreme Operational Performance Requirements,

The CC-SCBA shall ba tested for Tamperature-Extrame Operational Performance
and meat the requeraments in paragraph 84 522ia), (b)(1), b{2) and b{3} except for
the wel-bulb temperature breathing gas faqmrmn! in Table 5 during the hot and hat
emperatune shock conditions when tested in accordance with the fallowng:

(1) The Temperature-Extreme saquance shall start with the Caold condition listed at
the fop of Table 7, and end with the Hot Temperature Shock condition lsted at the
bottom of Table 7.

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

{3) The apparatus shall be placed in an ambient environment of 22°C + 3°C (71 8'F £
5 4°F) with a relative humidity of 50 percent £ 25 parcant for a manimum 12-hour dweil
after being tested in each environmeantal condition

(i) Those componants or matariale axpended dunng normal apparatus operation shall
be replaced after tha dwedl panod batween envircnmental test conditions

Table T7: Temperature-Extreme Sequence Test Conditions, Temperature,

Duration and Procedures

Test duration

Cold ("RBA) | * RBA Tamp £ 2°C Cold soak for a A |
(RBA Temp "F £ 36°F) | minimum of 12 'I'lmp £2°C(*RBA |
hours J4°F)

TI*C # 2°C (159.8°F =
3.6°F) iransferred to * RBA
Temp 2 2°C (* RBA Temp
*F = 3.6°F); Test

(* RBA Temp *F + 1.6°F)
trangfered 1o 71°C £ 1°C

NPPTL " bimecsips




(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

{g) The CC-SCBA shall nave a means of cammunication capable of achiewing an
average calculated valua of not less than BO percent when tested In accordance
with Section 810 of the National Fire Protection Association (NFPA) 1981
Standard on Open-Circuit Self-Contained Breathing Apparatus far Fire
Emergency Services- 2007 Edition

(b} Under the authority stated in § B4 83(c), NIOSH will make the determinaticn in
the future whether 1o require the performance requirement stated in § 84 525(a)
and § B4 528(a) through § 84.531(a) be tested in accordance with the NFPA
1981- 2007 Edition or a laler Edition of NFPA 1881 for new applications when
NIDSH deems the later Edition of NFPA 1881 senes as a mona tharowgh tesl ar
is more beneficial to establish the quality, effectivenass and safaty of the CC-
SCHBA. The tast method describad in the (ater Edition shall be equal to or mare
stringent as the test describad in the current NFPA, 1881-2007 Edition. If deemed
necessary, NIOSH will revise the Edition in this document by Policy Letter and will
Infarm all interested parties by writing a Letter to All interested Parties.

§B4.526 Chemical Agent
Distilled Mustard (HD) and Sarin (GB) Agent Test Requirement for CBRN Usa.
The CC-SCBA model, including all components and accessaries, shall resist the
permeation and penetration of disilied suifur mustard (HD) and Sarin (GB) chamical
agents by meeting the requiremenis and les! conditions specified in Tabile 8 for HD
and Table @ for GB

Permeation and Penetration Resistance Against

Table 8: Test Parameters Simultaneous Liquid and Vapor

Challenge of SCBA with Distilled
Agent| Chalienge | Durstion | Bresthing | Mavimsm | Mssimam | Number | Minimom
of mazhinge | peak | brealthrough | of Test
(min] | (Limde) | (mgiw’) | iotegeated | tested | (howrs)
over minimum
EN Test Duration)
-w* Wu 300 g 060 ™ 6.0 3 |em
g- 086 ml 340

Workplace
Sately and Heallh

Table 3—Test Parameters of Vapor Challenge of SCBA with Sarin (GB)

"|!Il'um.|ﬁ1 1 ..\'l.l.;lﬂl.l.ln. [ '\'u.rnh.urm{li-u;;l.l-;-

Agent Vapar Vapor Breathing
challenge challenge  machine peak breakihrangh af Test
concemiration time airflow excursion  (concentratien | systems | Duration
{mg/m®} (mimuies) rate |rnp.'m=r imtegrated over Eestesl {howrs |
{L/main} mlilmium Tesd
Duration)
{ g-mimd )
GH | 2000™ 3 i 0.087 ™ 21H <)

! The wapar challenps generation shall be ntiated immedatsly afler 18l chambsr has Desn saaled

7 Tha test pEN0C beging upon nitial genenaticn of VBPCT ConCentraon

N Three CONBeculive SoguUSnlial 1861 dala ponts &t or excesding 0.067 mgim? snall cabsctyely
constiute & falune whers &ach les! valus |5 DEsed on 8 delecior samale 1ime af approadmassly 2
minuiEs.

M Tha cumulstive C1 inclusing all peak dats points shal not be excesded for the duralion of the of the
B (E] howr best

M Decay rate of vapor chalangs shall folow the same profile as the decay rate of tha MIOSH CBRM
Stanaard for Opan-Cincult SCEA

™ Ansolube voluma with tha ar paramaters baing tha foliowing: Temparature = 32°C 2 1°C (B08'F ¢
1.6°F). Atmosphanc Pressure Al Sea Level = 760 mm Hg and sabarabon = 100%

Firefighter Protection Requirements

§ 84,527 Firefighter Protection Requirements for CBRN Use (Optional and In
addition to Section § 84.521 through § 84.528 of Subpart Q).
A NIDOSH prohibition exisis, as stated in Federal Register (50 FR 47458), for
entry into high radiant heat and open flame environments while waaring a pure
oxygen, positive-pressure CC-SCBA. However, optional testing may ba obtained.
In tha avent that this prahibiton |s lifted somatime in the future, aparoval could
then be granted without additional testing. Sections § 84 527 through § 84,531
specifies minimum requirements to ensure that the CC-SCBA possessaes some
features of high radiant heat and open flame resistance charactenstics. These
requirements are not meant to sanclion its use in high radiant heat and cpen
flame environments unless NIOSH repeals the prohibition,

§ 84,528 Heat and Flame Resistance Performance Requirement.

(@) The CC-SCBA and its accessonies shall meet the following requirements when
tested in accordance with Section 8.11 of NFPA 1881- 2007 Edition with
maodifications made to the tes! apparatus and procadure to accommodate a
CC-SCBA:

{1} The peak exhalation pressure shall be £ 200 mm H,O and the peak inhalation
pressure 0 mm, H.O when measured as described in § B4.517(a),

(2) The companernts of either the SCBA or its accessories shall have an after-fame
no greater than 2.2 seconds.

{3) The components of either the CC-SCBA or its accessones shall not separate or
fail in swch a manner that would cause the CC-SCBA o be wom and used in a
position not specified by the apparatus’ User Instructions.,

(4} The facepiece lens shall not obscure vision below the 20/100 vision criteria.

{5) The CC-SCBA remaining capacity indicators shall meet the performance
mlﬂlﬂ.ﬁ“.

(o) As described (n § 84.525(b), NIOSH will make the determination whether to
wuwwwnmmummmwm

: 528a),

§ B4.529 Fabric Flame Resistance Requirement.
(&) All apparatus fabric used to secure the CC-SCBA to the wearer shall meet the
|  parformance requirement of Secton 7.4 of NFPA 1881- 2007 Edition.
mkmmumm NIOSH will make the determination whether o
hlﬂnﬁiﬂ?ﬂh1ﬂ1hmhmmw

Mumm1mmm

'. £ B4 525(b), NIOSH will determination whether
= ‘M'%umi WMWM!
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(5) NIOSH Oxygen (O,) Prohibition

Timothy R. Rehak

Existing Prohibition

Available information does not demonstrate to the
satisfaction of NIOSH that positive-pressure closed-circurt
self-contained breathing apparatus {CC-SCBA) which use
a breathing gas of pure oxygen can be used during direct
exposure to open flames and/or 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 worn
under such conditions, it is prudent to presently limit the
use of pesitive-pressure closed-circuit self-contained
breathing apparatus which use pure oxygen breathing gas
to atmospheres which do net invelve exposure to open
flarmes or high radiant heat.

Partners

MIOSH, NFPA, IAFF, IAFC, MSHA, and Manufaciurers.

Stakeholders

User groups and manufecluring arganizations including UMWA,
IAFF, IAFC, BCOA, NMA, and USWA

Proposed Fire Resistant Protection for
Closed-Circuit Self-Contained Breathing
Apparatus

inglude optional Heat and Flame Resistance Profection performance

réguitemants:
-nmpm performance of the apparatus when exposad to the high
and open fiama test specified in Section 8.11 of NFPA1981-2007.

Other heat and flama resstance performance reguirements incluted the

| VWork placa
| Salaly and Healtt
] }

Heat and Flame Testing Conducted

Intertek, June 2005

Treatment - Section B.11.5 of NFPA 1981, 2002 Edibon (lested withoul live
oxygen)

Problems noted:
=After flame beyond 2.2 seconds
*Hose
sHarness
“Facepeece hose connector
*Hoke burnt through the hose
=Hoie bumnt through the facepiece hose conneclo
«Backpack fell off the mannequin,
*Bypass valve was fused shul
+Oxygen bottle strap was bumt through

Mole: Tested CC-SCRAs were nol hardened for the heat or farme test
Automated Breathing and Metabolic Simulator (ABMS) Testing after
retrofitting - no difference from untreated unis

Dakra Exam, July 2007

Treatment - Department B of the Association for the Promabon of German
Fire Safety, Guideline 0802 (tested with axygen)

Problems noted:
None — met requirements of EN137, Section 6.11.2.2, Flame Enguffment.

Mole: CC-SCBA was hardened for the heat and flame 1est,

intertek, March 2008

Treatment - Section 8 11.5 of NFPA 1981, 2007 Ediion (tested with five
oxygen).

Problems noted:
*One unit had a smal| flame an the lower left side of the facepiece. This
causad a leak magk, which engulfed the unit eventually inta

NPPTLY;
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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) T -
are available for new, revised and current (continued) performance Standard | TopiciTio :::':;;:E‘
requiremants for closed-circuit breathing apparatus (CC-SCBA). STP - T
¥ pact and penetration B54.507(a)
development includes: . ANS] ZBT.1-2003 e i |
« Incorporating state-of-the-art technology into performance requirement ASTM O 1003-00 | Lens optical requirements | B4.807(d]
testing | ﬁn 1044-88 | Test specimen requirements Mﬁﬂﬂ_d}_
United States Pharmacoposia (USP) | Breathing gas ) 84,508
+ Benchmarking new procedures CEAAE Ao Compressed gas cylinder valve | 84.510 (d)
. Ellmination of tests for obsolete requirements L Sl Sletind Wi SARRES. |
| [®3.4.2) Vibration shock B4.524{a)
New Standard Test Procedures [#:10] Communications BAREN
parformance
MFPA 1894- 2007 BaMion [uectory | 111 Heatitnd Same resistuncy 84520 [8)
Proposed 4] Fabric flame reskstan 84.529
I Topie STP Number Pvevarapn | Status L co |
Breathing bag toluens and PSD-ASR-STP-0134 84,516 | [7.5] Fl.bl"l: heat resistance | B4,530
|___kerosene permeation [7.5] Thread heat resistance 84,531
| -ASR-STPO11T 84.518 Banchmark El il -
| Benchmark | WL ETDA1OF, Environmental Test | Method 08.4 saitfop | 84.524(D)
Wearability PSD-ASR-STP-0130 pan__ || | Snos | Method 510.4 blowing dust | 84.524{c} |

*Color matches that of superseded STPs in last table

Current STP Number
™ . £ F 5
E : - : il N TopicTite |cmuwmw Rel. 42CFR paragraph
fiold of - ; 3
- hﬁ - 1| | Dot o positve pressure-CC-5CBA | RCT-ASR-STP0117 | BATOIT) bsa(a FR v S0
¥ ,*1“*- ransnitiance, and | | CET-APRS.STP.CBRN-OIE | 84.507(d) Det. of rated service time RCT-ASR-STP-0121A | BA.96, B4.97(d), 84,98, 84,100,
=l=a e R Tr i : o '
' : s I — et T Det. of alarm pressure RCT-ASR-STP-0124A | B48483(a](f), B48G(a)b)
re . i ‘_;“I . I m -ll:. _!-__ i 1
ik ~ | RCT-ASR. W [P
T T w4 i
ML= e ; I. I

Det. of low-temperature operation | RCT-ASR-STP-0143




Supplied-Air Respirator (SAR) Program

Jeffrey D. Palcic

Goal

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

« Revise and update minimum requirements used to determing the
effectiveness of SAR during entry into and escape from atmospheres
nat Immediately Dangerous 1o Life or Health {non-IDLH)

« Basza on latest creditable human physiological factor limits and
EIPONOMIcs

= Allow the lates! technology and innovabve designs 1o be lested and
have sufficient flewbility o accommodate futune technology

+ Ensure that NIOSH cerified SAR provide adequate protection 1o the
wearer and operate safaly

+ Incorporate info the standard 1est procedures (STP) the required use
of tes! equipment that employs state of the art technology o tesi lhe
perfarmance regquiremants

+ Develop minimum requirements o determine the effectiveness of
combination SAR/self-contained breathing apparatus (SCBA) used
for escape from chemscal, beological, radiciogical, and nuciear
(CBRN) (optional requinements) atmospheres that are Immediataly
Dangercus to Life or Health (IDLH)

Stakeholders

OSHA, Respirator Manufacturers, Employers, Labor Unions
r Resprator Users

Milestones

IQFY0R Post drafl SAR requirements to the NIOSH website

Present the new SAR requirements at public meeting

4QFY0R Post the revsed drafl of SAR requarements to NIDSH wabsie

Expected Outputs

» Update requirements to align with curment technology

« Update STPs and standard operating procedures (SOP) for cumrent, new, and CBRN
requirements

« Faciitate development of a greater variety of SAR designs
+ CBRN Certified SAR
« Publish final rule in 42 CFR Pari 84, Subpan J

Expected Outcomes

« |mprove SAR performance for genarsl industrial workers, and emeargency responders
+ Availability of SAR for use in CBRN environmants




(1) SAR Base Requirements

Descriptions of Airline and Airsource Respiratory Systems
William Hoffman

Airline System

Supplied-Air Respirator — Afrfine; A respiralor aquipped with a pressurized
air hose which is used for entry Into almospheres nol immediately dangerous
io life or health, which utiizes a source of respirable breathing air and
consists of an Airline hose, detachable coupling(s), control valve, orifice,
pressure demand valve, an arrangement for altaching the hose o the
wearer, and a respiratory inlet covering usually consisting of a tight
facepiece, loose hood, or helmet,

Airsource System

Suppled-Air Respirator — Airsource: SAR, for entry into atmospheres not
immediately dangerous to life or health, which requires a portable blower/air
compressor, air hose, detachable coupling(s), an arrangemant for attaching
the hose to the wearer and respratory inlet covenng usually consisting of a
facepiece, hood. or halmet. Systems capable of supplying respirable air o
four or more users are considered “industnal plant or ste-wide systems” and
are not within the scope of this subpart.

Supplied-Air Respirator - Airsource with Shigld: An Airsource SAR equipped
with addifional accessories designed to protect Ihe wearer's head and neck
against impact and abrasion from rebounding particulate and foxic material,
Designed wilh shielding material such as plastic, glass, woven wire, sheet
metal, ar other suitable matesial io protect respiratory inlet covenng lens
which does not unduly inarfere with the wearer's breathing zone or vision
while permitiing easy access fo the external surface of such lenses for
cleaning.

Typical Portable Airsource System

Prassurs




(2) SAR Base Requirements

Non-Respiratory Requirements
Jeffrey D. Palcic

For Use in Industrial Non-IDLH Atmospheres

Required Components Respiratory Inlet Covering Requirements
Airline SAR - Respiralory inlel covering, air supply valve or orfice, air Remain unchanged from 42 CFR Part 84, Section B4.132, and 84,135 with the
supply hose, detachable couplings, flexible breathing tube, and harness followang exceptlions
Airsowrce SAR — Respiratory inlet covering, air supgply valve or arifice, air «  Hetmets shall meet the requirements of ANSI Z89.1-2003 Type | or Type Il
supply hose, detachable couplings, Nexible breathing twbe, harness, and protective cap standards. Head gear not designed to provide head
portable blower or air compressor protection shall be prominently labeded to indicate that they are nat impact

and penelrabon resistamt

Neck seal designs shall provide a seal around the neck withoul causing
discomfon to the user and permidl easy donning and doffing

Visors/Lenses of Respiratory Inlet Coverings

Remain unchanged from 42 CFR Parl 84, Section 84,136 with the following
exceplions

Respiratory inlet coverings shall obtain an average Visual Fiald Score of 80
or greater following the VFS method described by the American Medscal
Association (AMA)

+ Lens shall be designed to be impact and penetration resistant per the
requirements of ANSI ZB7.1-2003

MNoise Lovels

Genaral Construction + MNoisa levals ganerated by the respirator during normal operation shall be
measured at maxmum airflow oblainable within pressure and hose length
Must meet subpan G of 42 CFR Part 84 requirements and shall be less than 80 dBA &t both ear canals

Failure Mode Effocts Analysis (FMEA)

« Manufacturers shall demonsirale that raliability is assessed and controlled within
{heir quality assurance pian by conducting a system FMEA, on their device or

Harness; Minimum Requirements component
Body Hamess * Manufacturer shall provide a written deciaration thal the FMEA was completed
+ Must hold the components of the respiralor in posilion against wearer's + Manutaciurer shall maintain a copy of the FMEA in their recards

body

+ Designed for easy removal and replacemant of respirator parts and hold
the facepiece in the ready position when not In use

+ Protect the pressure reducer

« Ergonomically designed for multiple shapes and sizes of users

« Shoulder sirap test increased fram 250 Ib to 300 Ib for 30 minutes
+ Bell and rings increased from 300 Ib to 500 |b for 30 minules -
« Life lines or safety hamess shall meet applicable standards 28 ™
+ Hose pull test remains unchanged: 250 Ib for 30 minutes

dragged over a concrete floor w compromising the harness of A
exarting a pull of the respiratory inlet covering 1
Head Hamess il

d MMI‘MMMMM P

i

. mmmmmhmh Poding the covering in
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(3) SAR Base Requirements

Respiratory Requirements
Gary Walbert

For Use in Industrial Non-IDLH Atmospheres

Continuous Flow Class
Unchanged from 42 CFR Part B4 Section 84 148

Pressure Demand Class
Unchanged from 42 CFR Part 84, Section §4.14%

Demand Class
Eliminated

Breathing Air for Airline SAR

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

Breathing Air for Airsource SAR

+ Blowers/air compressors for Airsource SAR shall be eguipped with a CO
alarm to warn the user if the CO concentration in the air supply is 2 10 ppm
of CO

« The temperatura of the air produced by the blower'air comprassar for all
Airsource respirators shall not excesd 6 degrees Calsius above ambient as
measured at the air entrance paint of the respiratory inkel covering

+  Must maintain positive pressure in the breathing zone of the respiratory
inlet covering(s) al the manufacturer's specified work rate(s)

+ Airsource SAR shall be equipped with a filter between the portable
blower/air compressor and the respiratory inlel coveringl(s) to effectively
remove §5% of the particles from the breathing air

+ The filter between the blower/air compressor and the respiratory inlet
m.u-uum.mmmnm,mmum_

change-out scheduled should be followed
; used to supply breathing air to respirators are constructed
thﬂm hﬂnum tm.im

Breathing Resistance

Inhalation and exhalation resislance shall be measured inside the respiralory
inlet coverings in the breathing zone

Minlmum Maximum
Fln;ptriu:-r n.n;ﬂ:mr inhal Exhiakation T'n'lR.lsl'.:.le:v.wI
: .ll'F"_ i T Prassure Resistance
| Positve Press
| Continuous Fiow | In the Breathing | 25 mm (H.0) Graanr;ﬂﬂﬁg-:-r.
Airiunel e source ol R it i
Pasitive Press 51 mm {Hy O}
Pressura i EManul. Spec
inihe Breatheng | Above Static
Dermand i =ity Wark Rate

Breathing Rates, Low, Moderate, andior High Rates

Refer lo poster “Supplied-Air Respirator (SAR) Work Rale and Escape
Cylinder Capacity”

Carban Dioxide Machine Test

; _-mmmm dioxide concentration in the breathing zone
: Z:W‘Mnﬁmmmanu
£l " 1o a breathing machine




(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 covenngis) at the manufacturer's
specified work rate(s)

Shall undergo a performance evaluation by operation al their specified
running parameters for & hours a day for a total of 15 days in the most
demanding configuration for which the device is 1o be approved. This testing
will be conducted in a laboratory with the maximum number of respirators
mounted on head forms and coupled to breathing machines set at the
manufacturer's maximum approved work rate

MNoise levels shall be s 85 dBA al any point within a three foot diameter of the
system

Any system component exceeding 60 degrees Celsius shall be protected
against incidental user contact

Muttiple user systams, whereby maore than one user is supplied by a single
portable blower/air compressor, may be approved, if each hose line is
connected directly to a manifold (requires pressure gauge and regulator) al
the blaweriair compressor

Multiple usar systams shall be designed such that air shall not back flow from
one ine to another

Multiple user systems shall be designed such that air in each line ghall flow
properly regardiess of occurrences in other lines (such as fotal blockage or
disconnected free flow)

W;-lh; Nace

I atety and Haoalth

. L"OSH

Alr 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

Air fiow - shall maintain positive pressure in the respiratory inlet covering al the
manufaciurer's specified work rale(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-Reguiating - unchanged with the exception that the tests will be conducted
al the manufacturer's specified work rate and shall maintain positive pressure
in the respiratory inlet covering

Airsource Supply Hose

Alr fiow - Using the blower/air compressor as ihe supply, the air supply hose
shall maintain positive pressure in the respiratory inlet covering at the
manufacturer's specified work 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

Airline and Airsource Supply Hose

Non-colfapsibifify -unchangad with the axception thal the tests will be
conducted at the manufacturer's specified work rate and shall maintain

pasitive pressure in the respiratory inlet covering
Nen-kinkability - unchanged with the exception that the tests will be conducted
gnlmm work rate and shall maintain positive pressure

Mmmm - unchanged

ol tir Praciice
gl Partnersliim




(5) SAR Enhanced Requirements

Combination SAR/ISCBA
Jay Parker

Performance Requirements Beyond Base for use in IDLH Atmospheres

Airline and/or Airscurce SAR with integrated escape cylinder

Includaes all completely assembled respirators with an integrated escape
breathing gas cylinder and accessories meeting the following requirements:

= Tight fitting respiratony inkel covenngs offer positive prossure, pREsEUNE
gemand prolechions designed 1o seal 10 1he face of nBc

* Incorporation of @ 5 manute or longer duralion escape air cylindar based on ha
high work rabe, with air hose supply used during eniry

+ Incorporation of a 15 minute or longer duration escape air cylinder base on (ha
high werk rabe, allowing not moee than 20 percant of tha rated cylinder
capacity of air Bupply o ba usad during entry nlo @ hazardous araa

« I the connection 1o air supply hose occurs in a hazamdous amosphers zer
demd volume conneclons must be used

* Tha cohnection batween Ihe air hose and the rest of iha respirator, including
the escape air cylinder shall incorporate a check valve o ather means such
that no contaminated air shall reach the wearer in the event of disconnection,
severing, of damage bo the air hose and no back flow of the cylinder air
through Ine dscanmiclad air Supply hose shall oocur

The connection betwesn the ar hose and the rest of the respirator shall be
such ihial breathing air fram the cylinder shall only fiow 16 the tight fiting
raspiratory inlet covering and shall nof flow back through the supply air hose
of phaumalic ool conneciion o 5o equipped

+ The unit must auiomabcally swich o the escape sylinder i the air supply hoss
s disconnected, seversd, calastrophically fails or canfol supply adequale
breathing air

Supplied breathing 2 wil be disconneciad and the respiralor wi
automatically switch to the avadable SCBA integrated bresthing air
cylinder source & the event of ss of air hose supplied air. This shall
oecur withoul |ass of air pressune Lo the user and with no delectable
Inwird leskage of conlaminanis

* An alafm praviding an ndication that the system is on cylinder air shall be
readily visible (via kgnl} er detectabie (via sound or vibration) 10 the user
without manipulaion of the respirator and without affecting pralection and
parformance

« These respirators must also meet ihe applicable crteria for subpan H- SCEA

WWork palaocae
acalaly and Haalth

Lens material haze, luminous transmittance and abrasion
resistance

*  Lens Material Haze: The haze vaiue of the primary kens material shall be 3% or less
when leslad in accordance with ASTM D 1003-00

= Lans matenal luminous trangmiltance: The wmsnaus transmiltance value of the
primary lans material shall be 88% or grealer when losled in accordance wilth A5TM
D 1003-00

*  Lens materal atrasion refislance: The hate and luminaus ransmittance of tha
primary lens material shall be delermined in accordance wilh ASTHM D 1002-00
before and after subjecting tha lens malerial o the abrasion test. The abeasion tost
shall b conducied in sccordance with ASTM O 1044-90 using & CS10F calibrase
wheel 8 a minimum of 70 revalidions under a $00-gram weight. After 18 residue is
remavid Iram the iesl specimens, (he test spetimens shall not axhibit &n increase
of heze greater than 4% and s decreass of luminous HaNsmittance greater inan 4%

* Al lenses of respiralory inlel coverings shall be designed and construcled 1o be
impact and penelration resistant per the requirements of ANS! 287, 1-2003,
Amencan Nalional Standard for Oecupational and Educational Perscnal Eye
and Face Prolection Devices.

AT Resewrch te Praceive
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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

Airline and/or Airscurce CBRN SAR/SCBA

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

+ Tight fitting respiratory inlet covenngs offer positive pressure, pressurne
demand protection

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

+ Connection of the SAR portion of the CBRN SAR/SCEA 1o the portable
Alrsource or Aldine must occur in the non-contaminaled atmosphere
prior o entry

+ No half-mask SAR shall be approved for CERN profection

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

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 accessonies

* Test on an upper lorsa manikin connected 1o a breathing machine
operaling at an air fiow rate of 40 Lpm, 36 respirations per minute, and
1.1 bter bidal volume

+ Respirator tested in normal operating mode with the CBRN SARISCEA
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
must switch automatically to the escape air cylinder

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

] §§ E ?E‘:‘EIEE
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(7) SAR Reference Poster

Work Rate and Escape Cylinder Capacity
Rich Vojtko

Multiple Work Rate Approvals

Escape Cylinder Capacity Comparison

NIOSH 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 addition to meeting all base requirements, this enhanced

They represent three sustainable work rates. Table #1 includes SAR/SCBA must meet additional requirements 1o ensure safe
average tidal volumes and respiration rates that NIOSH will use for escape from hazardous atmospheres. For escape only, the

positive pressure tests using a breathing machine. manufacturer may choose a five minute or longer duration cylinder
capacity based on the high work rate (57Lpm) shown to the left. For
syslems 1o be used for both entry and escape, the manufacturer
Table#1 Proposed NIOSH Work Rates may choose a 15 minute or longer duration cylinder based on the

The current version of the Drafi SAR Standard allows optional
approval for an enhanced SAR with integrated escape cylinder. In

; same high work rate. No more than 20 percent of the air supply
Work Rate Minute Volume | Tidal Volume and Flaspirallnnl- should be used for entry into the hazardous area. NIOSH is
T R T B T NP T e considering amending these capacity designations from cylinder
Low 25 Lpm 1 mmeﬁ 19.2 respirations mnu1e 2

- E i, PO Bk himeconsindoa ] duration to actual volumes. This does not change the actual
Moderate 40Lpm |67 iners @ 24 respirations per minute requirement, only the capacity designations. Table #2 describes
High 57 Lpm 1.96 Iiters @ 29.1 respirations per minute currently proposed time designations and their volumetric

equivalents,

Table #2 Escape Cylinder Capacities

Capacity by L n o AR i
Designation Escape Only | Entry and Escape |
Time Basis (min) 5 [ 10 [>10F | 15 | »15°

Volume Basis (liter) | 285 | 570 | >570° | 875 | >875" J

“Actual capacity specified by manufactur&r

il

- amang end users. Specification of an exact time

mﬁwmiihmmmwwrln cases of
an. A knowledge of the quantity of air available and the

mmﬂwmmamm
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(8) SAR Reference Poster

Standard Test Procedures
William P. King

Goal

Update standard tesi procedures (STPs) and standard operating
procedures (SOP) to reflect current, new, and CERMN perfarmance
requirements for supplied-air respirators (SAR),

New Standard Test Procedures

The following standard test procedures will be added fo fulfill the testing
requirements for the SAR. Several of these procedure already exist for
testing other respiratory protective devices and will be modified to mest
the SAR performance standards. The remainder will be developed and
validated.

ﬁ_.._

Tople Draft Reference Section

Hamess Tesi T | R
Determination of Feeld 'l:lf‘l.l'_ll'n : I _-:175 1

Lens impact and Panstralion Ressiance 4.1.;;—

Airsource CO Alarm Test i 4241 ezl
Airsource Breathing Gas Temperature Test 1 4242

Airsource Filler Effickency Test g 4244

Exhailation Valve Leakage r 425

Posilive Pressure in ine Bresthing Zone @ Wark Rate | 428
Facepiecs Carbon Diande Machine Test 428

rkpplcaca
v 1 Horolit

Standard Test Procedures Requiring Revision

The following standard test procedures will be revised lo include the new
respiratory performance standards and methods

' STP Number ETP !Flrhrtn:l
To
pic Status | Fgretn
Moise Levals RCT-ASR-STP-D111 Cing . 416
Inhalstion Aif Flow Resistance. | _ 5 i | =
b cFos RCT-ASR-STPO106 | Ong | 427 |

i e S S E—
| [

| Aurflow Resistance-Contnuous Flow RCT-ABR-S5TP-0113 Ong 427 |

! ey Ty ! e - i |
| Exhalation A Flow Resist | RCT-ASR-STP-107 7
iF‘meimnd £ Crig 42
| 3 | 1 =
Regulating Vaive Cyce Perormance RCT-ASR-STP-0104 Orig. 4412
1 0 | = o
:m:"“ﬂ'm RCT-ASR.STPOI03A | Org. | 4435
b - e ]
Air Flow Rasistance RCT-APR-ETP-0085 | Orig. 4421
| |
. {
Hesa Kinkability | RCT-ASR-STP-0102 | Org. | 4432 |
4 ! i
. | |
Hose & Coupling Strength | RCT-ASR-STP-0100 | Ong. | 4433
- : .
fmimm | ROT-ASR-5TROM0Y | Orp. i 4434
-




