Closed-Circuit Breathing Apparatus

Development of Performance Requirements

Concept

Evaluation of CCBA requires three areas of scrutiny:

CAPACITY - How far will thus apparatus carry ma? How many |iess of
usable oxygen are in it?

PERFORMANCE - What are its characieristics in terms of stressors
i@ bevals of COy, and O, temperature and pressure?

WEARABILITY - Human intertace, 1 &, f | bend cwver, will d cut or burn
me? Does it intarfens with my activibes?

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

- A quantitative work load

- Continuously monidored siressor kevels

- Test termination only when oxygen supply is expended o ! a siressor
exceeds a safe hmit

- Apparatus classified by quantity of usable oxygen

Old versus New

Current tests:

- specily actities rather than work losd;

- provide for monitoring stressors only occasionally,

- gnd gt predetermingd imes;

- classity apparatus by duration, affected by user's weight and activity.

Proposed tests:

- specify quantitative workload,

- provide for continuwous maniloring of stressors,

- terminate only when cxygen supply i expended of i stressor limits

are excesded,
- classify apparatus by lifers of usable oxygen.
Three tests - three areas of n

Capacity :
- Run at a constan. moderalely high work-rate.

of entire apparatus, not individual

CDC'W' e

Capacity Test
VO, (Limin) vCoO Ve )
! (Limin) {Umin) | TF (Breathsimin)
138 115 30 18

«The capacdy rating will be determined by multiplying the lowes! durabon obianed in any of the
Capacty fests by the oxygen consurmption rate, 1.35 Limin. rounded down to the nearest 5-1
increment. In agdition 1o the capacity rating, in parentheses on the label shall be given the lowest
duration obtained in the Capacity 1es! as an expecied duration for 2 user of average weight al a
maderately high waork rale.

Advantages of rating by capacity rather than by duration
-The duration obtained from a CCBA i inversely proportional to the use rate. Capacty 15 largely
unaffected by use rate

- Users are not miskead into thinking that the apparatus will last them a certain durabon no matter
hiow rruch they welgh or what they do while wearing iL

Poasible Travel Distance ve. Ueers Waight
WUpright, Level Waiking, Flat SGraend, 100 L of Oxygen
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Closed-Circuit Self-Contained Breathing Apparatus

(CC-SCBA) Program

Frank Palya Jr.

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 physictogical factor limits and
agonomics

+ Allow latesi technology and innovative designs be tested and have
febility o accommadali future lechnology

* Ensure NIOSH-certfied apparatus provides adequata prolection 1o
the wearer and are “safe-10-use”

« Incorporate into Standard Test Procedures (STPs) the required use
of test equapment that employs state-ol-the-an technotogy to test the
parformance requirements

+ Provigde Chemical, Biological, Radilogical and Nuclear ([CBRN)
protection (optional requinements)

Prowvica fire resistant protection; high radiant heat and flame
resistance (oplional requiréments)

»

Partners

U.5. Army Research, Development and Engineenng Command
{RODECOM), Occupational Safety and Healfh Adminigtrabon
{OSHA), Respirator Manulacturers and Mine Safety and Healin
Administrabon (MSHA)

Summary of Conceptual Changes, CC-SCBA, Subpart Q

Description

Facepiece

Eye Piece

Breathing Bag

Breathing
Performance

Operational

Performance
CBRHN Performance

Fire Fighter
Protection

Subparl @ is a new module thal conlams exclusnely the requirements
af Pressure Demand and Demand types of Closed-Cincurd SCBA
designed for entry and escape from Immediately Dangerous to Life and
Healih {IDLH) atmospheres

Add a Laboralory Respeatory Protecton Level (LRPL) performance
requuement iniended 1o be replaced by @ Total nward Leakage tesl

Add field of wiew, fopging resistance, haze and luminous transmitiance
and abrasion resslance parformance requinements, and update impact
resistance perionmance

Add a kerosens and foluene vapor permeation resistance perfarmance
requirsment

Imyplamant the use of an Auiomated Breatnlr:g and Metaoolic

Simulator (ABMS] to tes? the breathing performance of the apparaius
for human stressor needs of CO,, O, breathing pressures and wet-bulb
temperatune cutputs. Breathing performance includes Capacity
Performance and Wearability regquiramanis whach will ba tesied with
both the ABMS and human subjects. Replace service time ratng with a
Capacity rating

Update Operational performance requirements tested both al ambient
lemperature and al 8 manulactuner's recommanded low lemperature

Include optional CBRN performance requirements:
- Human siressor 1o be compliant with NFPA requiremenis
Temperature-Extrema Operational Performance
Durabdity of vibration endurance, corosion resistance and dust
resistance
Communication Performance
- Chemical agen resistance to Sulfur Mustard (HD) and Sann (GB)

Inelude optisnal high heat and flame resistance pefarmance requirements
Operational performance of the apparatus when exposed to the
high heal and open flame test spechied in Section 8.11 of
NFPA1981-2007.
Other performance reguirements inciude the following
- Fabric flame resistance
- Fabnic heat resistance
- Thread heat resstance

Expected Outputs

+ Elimination of obsciete requirements with new reguiation

« Update or add STPe and Standard Operaling Procedures (SOPs) for testing current, new, CBRN.
and high heat and flame resistance performance requirements

+ Allow for flexibality for greater vanéty of CC-SCBA designs 1o Be cenified
* Ceriified CBRN CC-SCBA with optional figh heat and flame resistance properties

+ Availability of CC-SCBA for use in CBRN and high radiant heat and flame emvironmants (It
current fimitation on CC-SCBA use in high hest and Tame enviranments is repealed)

+ Final rue stated n Title 42 GFR Part 84, Subpan O
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(1) CC-SCBA - Base Performance Requirements

Timothy Rehak

Goal

Develop new performance requirements for the Closed-Clrouit Self-
Contained Breathing Apparatus (CC-SCBA) and promulgate them
as regulations into Title 42 CFR Part 84,

Partners
U5 Army RDECOM, NIOSH, NFPA and MSHA

Stakeholders

User groups and manufaciuring organizations including LIMWWA,
IAFF. IAFC, LAB, BCOA, NMA, LISWA and ISEA

Full facepiece - LRPL

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

+ The measured LRPL value for the CC-
SCBA facepiece shall be graater than
or equal to 500 when the CC-SCBA
facapiece is lested using an adapter
and P-100 fitter (approximately 11-25
tested)

Facepiece Lens

Shall be designed and consiructed to be impact and penetration
resistant by meating the requiremants of ANSI 287 1-2003.

Permeability resistance
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The CC-SCEA shall |
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Capacity Test Requirements

Four (4)CC-SCHAS will ba tesied a5 olkonws

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

«One (1} each on an ABMS after baing cold soaked, for
2 mimimum of 24 hours, at 1he cold-temperature hmi
recommended by tha applicant

« One (1) each by a human subject on a treadmill

The capacity rating will be determined by multiplying the
iowest duration obtained in any of the Capacity tests by
the oxygen consumptson rate, 1.35 Limin, rounded down
to the nearsst 5-L ncrement In addition to the capacity
rating, In parentheses on the label shall be given the
comesponding 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, (Limin) vea, | wve [
: Wimin) | (Liminy | RF (Bresthsimin) |

L 1.35 P Lgds’ -1 18

WO, = Velume of ceygen consumediminule
Ve = Volume of gas exhalediminuts

VO, = Volume of carbon dioakte produced/ minute
FF = Respiratony frequency

Performance Test Requirements

Four (4) CC-SCBAs will be tesied as follows:
“Two (2) each on & NIOSH sutomated breathing and metabolic simulator (ABMS)
+One (1) each on an ABMS after being cold soaked, for a minimum of 24 hours, at the

cold-lemperature limit recommended by the applicant.
+ One (1) each by a human subject on a treadmill
Performance Test Sequence
. ; Duration o, voo, ] RF
m percycle | (Limin) | (Limin) | (Limin) | (breathsimin)
L 100 120 65 25
High 15 min. 200 180 “ | 20
S R T 050 040 » | 12
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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 frug apparatus carry me? How many liters of
usakble oxygen ara in it?

PERFORMANCE - VWhat are its characienstics in terms of stressaors,
i@, levels of CO, and O, temperaiure and pressune?

WEARABILITY - Human interface; e, if | band over, will It cul of burm
me? Does it interfere with my aclivibes?

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

- A quantitative work load

- Conbinuously monitored stressor leveds

= Test termination anty when oxygen supply IS expended or If a stressor
exceeds a safe limit

- Apparatus classifed by quantty of usable cxygen

Old versus New

Current tests:

- specify activities rather than work kosad;

- provide for monitoring stressors only occasionally,

- end at predetermined tmes;

- classity apparatus by duration, affected by user's weight and activity.

Proposed tests:

specify quantitative workload,

provide for confinuous monitoring of stressars,
terminaie only when axygen supply i expended,
classify apparatus by liters of usable oxygen.

Three tests - three areas of scrutiny

Capacity

- Aun at a constant. moderately high work-rate.
-Muﬂmmlﬁw
Performance

apparatus performance al high and iow work rates.
mmdmm ingividual
-mmmwﬂuﬁlmﬁw

WWeark palaa
serfaly cncd M

Capacity Test
0, consumption rate ' CO, production rate  Ventilation rate | Respiratory frequency
(VO,) (Limin) (VCQ,) (Limin) Ve (L/min) (RF} {Breaths/min)
1.35 1.15 1] 18

«The capacity rabng will be determined by multiplying the lowest duration obtained in any of the
Capacity tests by the oxygen consumption rate, 1 35 Limin, rounded down o the nearest §-1
increment. In addibon to the capacsty rating, in parentheses on the label shall ba given the
comesponding durabon obtained in the Capacity test as an expecied durabion for a user of average
weight at a modarataly high work rate

Advantages of rating by capacity rather than by duration
-The duration cbtained from a CC-5SCBA is inversely proportional 1o the use rale. Capacity is
largely unaffected by use rate,

ay snd O ee &

- Users ane not mislead info thinking that the apparatus will last them a cerfain duration no matier
how much they weigh or what they do while weanng it

Pesalbls Travel Distance va Users Welght
Upright, Lavel Walking, Fist 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, biolegical, radiological, and nuclear ([CBRN) CC-SCBA;
Optional requirements; for Use Against CBRN Agents.

(a) A CC-SCBA designed for use as resparatory profection during entry into IDLH
CBRN hazardous atmospheres shall meel or exceed the optional performance
requirements specfied in §84 521 thvough §84.526 of Subpari Q

{b) NIOSH approval is cotained for CBRN Protection afer it nas Deen delemmined
by NIOSH that the device has met the minimum performance requirements in
§84 500 through §84.520.

§84.522 Additional Requirements for CERN CC-SCBA:

{a) Operational Performance tes! is 1o evaluate the performance of the CC-SCBA
and nol the capacity.

{b) The CC-SCBA shall not exceed the ranges of human stressors listed in Tabile
5 An excursion is considered io 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-SCEA shall be tested on an aulomated breathing and metabolic
simulatar (ABMS) in accordance with the Tast Regimen of Table & thal consists of
the Tesi Parameters and Workicads described in Table &a and the Test Time
Duration per Assignad Workload described in Table 6b.

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

Table §: Human Stressors and Acceptable Range Requiremants

Human Stressors [ Acceptable i Acceptable
| Operating Average | Excursion
Roghloeomt
_Average inhaled CO, <1 % by volume | < 4,0% by volume
Average inhaled O, 219.5% by volume | > 15.0% by volume
Endeaf: Inhalation wet-bulb lemperature!’)| < 43'C (1094 °F) | <45'C(113.0°F)
Pek Extlation Pressure (PEP) £ 200, H,0 =200mm, HO |
(Buak Inhalation Pressure (PIF) 20mm W0 Z0um R0
ﬂmw . zm:;lwﬂm

Work place
loty ard Hioalth

584,523 Temperature-Extreme Operational Performance Requirements.

The CC-SCBA shall be tested for Temperature-Extreme Operational Perfarmance
and meel the requirements in paragraph B4 522(a), (b)Y 1), b(2) and b(3) except for
the wet-bulb ternperature breathing gas requirement in Table 5 during the hot gnd hot
temperature shock conditions when tested in accondance with the following

{1) The Temperature-Extreme sequence shall starl with the Cold condition ksted at
the 1op of Tabile 7, and end with the Hot Temperature Shock condition listed at the
pottom of Table 7

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

(3) Trhe apparatus shall be placed in an ambient environment of 22°C £ 3°C {T16°F £
5.4°F) with @ relative hurmidity of 50 percent + 25 percent for a minimum 12-hour dwell
after being tested in each environmental condibion

{i) Those companents or matenats axpended during narmai apparatus cperation shall
be replaced after the dwell period between environmental test conditons

Table 7: Temperature-Extreme Sequence Test Conditions, Tempaerature,
Duration and Procedures

Environment Temperuture | Test duration Test procedure
| Cold {(*RBA} * RBA Temp = 2° :['nld-mkrnnil’ufm-muun‘ﬂ.n.t
i {RBA Temp °F + 3.6°F) mindmam of 12 | Temp + 2°C (* RBA
| hours :Tﬂrq:'Fiﬂnﬁ‘I"r |
MN*CaI*C{159.8TFa Hot soak for & | Perform test at 71°C = |
16°F) minimum of 12 5°C (159.8°F + ¥F) |
hcrurs

TIC £ 2°C(139.8°F & Hot souk for a | Initiste test within 3

3.6°F) transferned 10 * RBA | minimum of 12 | minutes after

Temp + 2°C (* RBA Temp | hours, initinee | transfernng apparatus

°F £ 3.6°F); Test lesgwithin 3 | to cold chamber

temperature shall be * RBA |minutes in cold |

Temp = 1*C (* RBA Temp | chamber |

F = 16F)

* RBA Temp £ 2°C

il o (* RBA Temp 'F + 36"F) | minimam of 12 | minutes after
: - |wransferred 10 71°C £1°C | bours; initisle | transfarring spparins

i\t o, - [(1S9.BF 2 3.6°FF Test




(4) CC-SCBA - CBRN (continued) and Firefighter Protection

Optional Requirements
Timothy R. Rehak

Chemical, Biological, Radiological and Nuclear

uhln 9—Test Parameters of Vapor Ch:llnngn of SCBA -mth Sarln lGEi

H HE rnl \ apor VYapar Breathin Maximum “hl.lmiln '\unbrr \I-nlmum

[CBRNI REqu Ire ITIEI"’ItS ’ rthlFr"nxl. -rhll-ﬁ'nnvr |l|1||rl|l||n-rI peak breakibromgh of Tiest
5 84 525 Communications Performance Rﬂquﬂﬂ'ﬂ"ﬂ for CBRMN Use. comtenlraiion limg mirfhow extursion | (comcestration | syslems | Daratin
(&) The CC-SCBA shall have a means of communicabon capable of achieving an imgim'y | (minutes) rate (mgim®y  imtegrated sver  teted | {hours)
average calcutated value of not less than B0 percent when lested in accordance ko Ml":.::::.:;“
wilh Section 8 10 of the National Fire Profection Association (NFPA) 1881 (g min/m?}

wandard on Open-Circuit Self-Contained Breatmng Apparatus for Fire GB = g a1 A 1o T T 5 511
Emergency Services- 2007 Edition s e = |

(b} Under the authonty slated in § B4.63(c), NIOSH will make the determination in
the future whether to require the performance requirement stated in § B4, 525(a)
and § B4 52B(a) through § B4.531(a) be tested in acconrdance with the NFPA
1981- 2007 Edition or & later Edition of MFPA 1881 for nesw applicabons when
NIOSH deems the later Edition of NFPA 1981 serves as a mone thorough test or
i% mone beneficial to establish the quality, effectiveness and safety of the CC-
SCBA. The test method descnibed in the later Edition shall be equal 1o or more
siringent as the test described in the current NFPA 1981-2007 Edibon. If deemed
necassary, NIOSH will revise the Edibion in this document by Pobcy Letter and will
infarm all evteresied parties by writng a Letber 1o All Interesied Parties

§B84.526 Chemical Agent Permeation and Penctration Resistance Against
Distilled Mustard [HD) and Sarin (GB) Agent Test Requirement for CBRN Use,
The CC-SCBA model, mcluding all componants and accessories, shall resist the
permeation and penatration of distilled suifur mustand (HD) and Sarin (GB) chemical
agents by meating the requirements and 125t conditions specified in Table & for HD
and Tatle @ for GB.

Table 8: Test Parameters Simultaneous Liguid and Vapor
Challenge

of SCBA with Distilled
W | machine | peak | breskthrough | of | Tesm |
v wimim
Test Duration)

300 mgio T T

1W-’:-rk|:blr:u:_:i_-1
Salety and Heallh

1 T vapar ch alqrge generation shall ba miiated immediataly afler 1es1 chamber has been saaled

< The 1es1 panod begns upon nifial gererabon of vapor concentraton

i Three conseculive segquental les! dala ponis al or sscesdng 0 08T mp'm® shall colaciraly
consiiuee & fadue where aach test value & tased on a detecior sample Ume of spERDXIMEBY 2
manylas

1 The cumuiaiive Cf mcludng all peak cala ponls shal not be exceeded for 1he duraton af he ol ihe
six () howr test

Al Ciscay rate of vapor challenge shall folow tha sama profia &5 (he decay rate ol e MOSH CERN
Standard for Open-Ciurcuwt SCBA
Absoiule voiume wih the air parameters baing (he following: Temperature = 32°C + 1°C (BB 6°F
1 8*F}, Atmosphenc Pressure Al Sea Level = 750 mm Hg and saturation = 100%

Firefighter Protection Reguirements

§ 84,527 Firefighter Protection Requirements for CBRN Use (Optional and in
addition to Section § 84.521 through § 84.526 of Subpart Q).
A NIOSH prohibition exisls, as stated in Federal Register (50 FR 47458). for
entry into high radiant heat and open flame environmenis while wearing a pure
oxygen, postive-pressure CC-S5CBA, However, optional testing may be abtained
In the event that this prohibition is lfted sometime in the future, approval could
then be granted without additional testing. Sections § B4 527 through § 54 531
specifies minimum reguirements to ensure that the CC-SCBA possesses some
features of high radiamt héat and open flame resistance charactensbics. These
requiremants are not meant io sanclion 4 use in high radiant heat and open
flame environments unkess NIOSH repeals the prohibition

§ 84,528 Heat and Flame Resistance Performance Requirement.

(a) The CC-SCBA and its accessories shall meet the following réquirements when
tested in accordance with Section 8.11 of NFPA 1881- 2007 Edition with
maodfications made fo the test apparatus and procedura to accommodate a

CC-sCaA

{1) The peak exhalation pressure shail be s 200 mm H,0 and the peak inhakabon
pressure 2 0 mm, H,O when measured as described in § 84.517(a)

(2} The components of ether the SCBA or s accessones shall have &n after-flame
no greater than 2.2 seconds.

{3) The companents af ether the CC-SCBA or its accessories shall nol separate or
failin such a manner that would cause the CC-SCBA o be worn and used in 2
pasdion nat specrfiad by the apparatus’ Uses instruchons

(4} Tha facepiace lans shall not obscire vigon balow the 200100 wiskn crijera.

rémaining capacity indicators shall meel the parformance

(b) As described in § B4.528(), NIOSH will make the determination wheihar to
mnlﬂmiw 1681 to test the performance requirement stated

?ﬁ.ﬂ.ﬂl mmww Lai P PR
ﬁMmT&HﬂA 1861- 2007 Edition,

§ B4 525{b), NIOSH the determination whathar 1o

"#ﬂl‘ﬂmmuummm
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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-circuit
self-contained breathing apparatus (CC-SCBA) which use
a breathing gas of pure oxygen can be used during direct
exposure to open flames andfor 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 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

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

Stakeholders

User groups and manufacturing organizations including UMWA,
IAFF, IAFC, BOOA, NMA, and USWA

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

Include aptional Heat and Flame Resistance Protection performance
e performance of the apparatus when exposed to the high

“Oparational
heat and open flame test specified in Section 8.11 of NFPA1861-2007.

Other heat and flame resistance performance requirements included the

CDC|““ rkplace

Heat and Flame Testing Conducted

Interiek, June 2005

Treatment - Section 811 5 of NFPA 1887, 2002 Edition (tested withoul |ive
anygen)

Problems noted:
~After flame beyond 2 2 seconds
*Hose
*Harness
*Facepiece hose connector
~Haole burnt throwgh the hase
*Hiolg burnl through the facepiece hose conneclor
*Backpack fell off the manneguin
*Bypass valve was fused shut
«Oicygen bottle strap was burmt through
Nole: Tested CC-SCBAs were not hardened for the heat or fame test
Automated Breathing and Metabolic Simulator (ABMS) Testing after
retrofitting — no difference from untreated unis,

Dekra Exam, July 2007

Treatment - Department B of the Association for the Promotion of German
Fire Safety, Guideline 0802 (lested with caygen)

Prablems noted:
None - met requirements of EN137, Section 6.11.2.2, Flame Enguifmant.

Nole: CC-SCBA was hardened for the heat and flame test

Intertok, March 2008
m-w&ﬂ.ﬁ of NFPA 1881, 2007 Edifion {tested with live

INPPTL byt




(6) CC-SCBA - Standard Test Procedures

W. P. King

Goal

For Proposed Subpart Q, ensure up-to-date standard test procedures [STPs)
are available for new, revised and current (continued) performance
requirements for closed-circult breathing apparatus (CC-SCBA). STP
development Includes:

» Incorporating state-of-the-art technology into performance requirement
testing

+ Benchmarking new procedures

« Elimination of tests for obsolete requirements

New Standard Test Procedures

Referenced Standards

Standard [ TopiciTitle [ Proposed |
L | ) paragraph
Lens impact and peneiration B4,507(8)
ANSI| Z87_1-2003 realElanaa
| ASTM D 1003-00 Lens optical requirements B4.507(d)
i ASTM D 1044-99 Tesl specimen requirements 84,507 [d)

Unkted States Pharmacoposia (USP) |

Breathing gas B4 508

Compressed gas cylinder valve | B4.510 (d]

Tople

STP Number |

| _s-;l:;:ln_nn toluene and
herosene permeation

PSD-ASR-STP0134

PSD-ASR-STP11T

CGA V-1 -2005 outlat and inlet connections
o [8.3.4.2] Vibration shack | B4.524a) |
| [#.10] Communications B4.525(a)
= __ parformance e
NFPA 1981- 2007 Edition [saction] _[%-11] Heatand flame resistance | B4.528 (a}
[7.4] Fabric flame resistance B4.529
[ [7.5] Fabric heat resistance l 84,530
| [7.8) Thread heat resistance | 84.831
MIL-STD-810F, Environmental Test |~ Method 509.4 sait fog B4.524(1)

Wl

g
| A
Ly

Methods

| Method 510.4 blowing dust | B4.824(c)

TopiciTitle

Cusrant STP Number = Rel. 42CFR paragraph

DII.. of p-uiﬂvl pressure-CC-5CHEA

RCT-ASR-STP0117

B 0

FRvSD |

Det. of rated sorvice time

RCT-ASR-STP0121A

Ba.96,

8499, 84100,

Det. of alarm pressure

RCT-ASR-STP-01244

with isoamy!| acetate

RCT-ASR-STP-0125

Dat. of low-temperature cperation | RCT-ASR-STP-0143

o S




Supplied-Air Respirator (SAR) Program

Jeffrey D. Palcic

Goal Stakeholders

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

; OSHA, Respirator Manutaciurers, Employers, Labor Linions
following:
Respirator Users

+ Revise and update minimum requirements usad 10 delermang the
gffectivenass of SAR during entry into and ascape from atmospheres
not Immedsately Dangenous to Life or Heath (non-IDLH)

Milestones
- Base on |laiesi creditable human physiclogical factor kmits and g ——
EIQONomIcs
+ Allow the latest technology and mnovative dessgns 10 be tested and JQaFYos EQS-‘I [:Ir:ﬂt SAR requirements 1o the NIOSH wabsite
have sufficient fiexibility 10 accommadate fulure technalogy reseni the new SAR requiremants at public meeting
- Ensure that NIOSH certified SAR provide adequate pratection to the 4QFY0E Post the revised draft of SAR requirements to NIOSH websie

waares and operate safely

Incorporate info the standard lest procedures (STP) the required use
of 125t equipment that employs state of the art technology 1o lest the

Expected Outputs

performance requirements
+ Develop minimum requirements o determine the effectiveness of + Update raquiremants to align with cument technosogy
combination SAR/sell-contained breathing apparatus (SCBA) used « Update STPs and standard operatin (=0 .
for escape from chemical, biological, radiglogical, and nuciear reqﬁi.'remem; s by i KGR ST SN
({CBRN) [optional requirements) atmospheres that are Immediately
Dangerous to Life or Health (ID0LH) « Facilitate development of a greater variety of SAR designs

+ CBRN Cerbfied SAR
+ Publizh final rule in 42 CFR Pan 84, Subpart J

Expected Outcomes

+ Improve SAR parformance for general indusinal workers. and emargency respandens
« Availability of SAR for use in CBRN environments

U.S. Army RDECOM, Respirator Manufacturers, and OSHA

~ Poster Topic Seguence

unu‘ are covered in the remaining SAR posters. The postars are displayed in the order that
Wﬁummumn# e skt

‘ Workpplace A Bosearch o Pracrice
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(1) SAR Base Requirements

Descriptions of Airline and Airsource Respiratory Systems
William Hoffman

Airline System

Suppled-Alr Respirator = Aiffine: A respirator equipped with a pressurized
air hose which is used for entry info atmosphares nol immediately dangerous
to life or health, which utihzes a source of respirable breathing air and
consists of an Aurline hose, detachable couplingis), confrol valve, arifice,
pressure demand valve, an arrangemenl for attaching the hose fo the
wearer, and a respiratory inlel covening usually consisting of a tight
facepiece, loose hood, or halmat.

Airsource System

Supplied-Air Respirator = Airsowrce: SAR, for enfry into aimospheres not
immediately dangerous to life or health, which requires a portable bloweriair
compressar, air hose, detachable coupling(s), an arrangement for attaching
the: hose to the waarer and respiratory inkef covering usually consisting of 2
facepiece, hood, or helmel. Systems capable of supplying respirable air to
four or more users are conssdered “industrial plant or sile-wide systems” and
are not within the scope of this subparn.

Supplied-Air Respirator — Airsource with Shield: An Airsource SAR equipped
with addihicnal 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, sheat
metal, or other surlable material to protect respiralory inlet covering lens
which does not unduly intérfare with the wearer's breathing zone or vision
whila parmitting easy access lo the external surface of such lenses for
cleaning.

Typical Portable Airsource System

Pressure

Portable Blower
Air Comprassao

_ S
-

Filter

RIC
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(2) SAR Base Requirements

Non-Respiratory Requirements

Jeffrey D. Palcic

For Use in Industrial Non-IDLH Atmospheres

Required Components

Aldine SAR - Respiratory inlet covering, air supply valve or orifice, air
supply hose, detachable couplings, flexible breathing tube, and harness

Alrsource SAR - Respiratory inlef covering, air supply valve or arifice, air
supply hose, detachable couplings, flexible breathing lube. harnass. and
poriable Mower of &ir compressor

General Construction
Must meel subpart G of 42 CFR Pari 84

Harness; Minimum Requirements
Body Hamess

+  Must hold the components of the respiralor in position against wearer's
bady

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

+ Protecl the pressure reducer

+ Ergonomically designed for multiple shapes and sizes of users

+ Shoulder sirap tes! increasad from 250 (b to 300 |b for 30 minutes
+ Bell and rings increased from 300 Ib to 500 Ib for 30 minutes

« Life lines or safety hamess shall meet applicable standards

+ Hose pull test remains unchanged; 250 1b for 30 minutes

+ Maximum length and diameter (heaviest hose configuration) must be
dragged over a concrete floor without compromising the harness of
exedting a pull of the respiratory iniet covering

Head Harmess i

+ Head hamess shall be adjustable, replaceable, and provide adequate

. ﬁmmmumm halding the covering in

Respiratory Inlet Covering Requirements

Remain unchanged from 42 CFR Part 84, Section 84.132. and 84.135 with the
following exceptions

Helmels shall meel the requiremants of ANSI Z89.1-2003 Type | or Type ||
prodective cap standards. Head gear nol designed to provide head
protection shall be promine ntly labeled to indicate that they are nol impact
and penetration resistant

MNeck seal designs shall provide a seal arpund the neck withoul causing
discomfort 1o the user and permit easy donning and doffing

Visors/Lenses of Respiratory Inlet Coverings

Remain unchanged from 42 CFR Par B4, Saction 84 136 with the following
exceplions:

Respiratory indet coverings shall obtain an average Visual Flald Score of 80
or greater following the VFS method described by the American Medical
Association (AMA)

* Lens shall be designed 1o be impacl and penetration resistant per the
requirements of ANSI Z87.1-2003

Noise Levels

« Moise levels generated by the respirator during normal operation shall be
measured al maximum airfiow obtainable within pressure and hose kength
requirements and shall be less than B0 dBA at both ear canals

Fallure Mode Effects Analysis (FMEA)

+ Manufacturers shall demaonsirale that reliability is assessed and coniralied within
their quality assurance plan by conducting a system FMEA on thair device ar
component

+ Manufacturer shall provide a wrifien declaration thal the FMEA was completad
»  Manufacturer shall maintain & copy of the FMEA in their records

I.\ITPPT Rsewrch o Prociice
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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 B4 148

Pressure Demand Class
Unchanged from 42 CFR Part B4, Saction 84,140

Demand Class
Eliminated

Breathing Alr for Airline SAR

Breathing air suppily shall meet the applicable minimum grade requirarments for
Type |-Grade D breathing air set farth in the Compressed Gas Association
Commaodity Specification for Alr, G-7.1, 5th Edition, 2004 (Grade D or higher
quality)

Breathing Air for Airsource SAR

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

+ The lemperature of the air produced by the blower/air compressor for all
Airsource respiralors shall not exceed 6 degrees Celsius above ambient as
measured al the air entrance point of the respiratory inlet covering

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

« Alrsource SAR shall be equipped with a filler between the portable
blowariair compressor and the respiraiory inlet covering{s) to effectively
remove 35% of the paricles from the breathing air

+ The filter between the blower/air compressor and the respiralory iniet

_CDC b g v s

MosH

Breathing Resistance

Inhalation and exhalation ressstance shall be measured inside the respiratory
inlet covenings in the breathing zone

Respirator ! Respiralor Ih'linl-mu-m Mimu | Tesl Air Flow
T Class nhalation E:h_ill.l.lun R
Positive Press.

Continutus Flow | inthe Breathing = 25 mm (HyO) Emﬁﬂﬁﬁpﬂ.

Lo e

A } } o | i
il o Posdive Fress | 51 mm (H;0)

Prassurs In the Breathing e Sl EManuf. Spec

Cemand 7 Aoy Work Rati

ane Prassure

Breathing Rates, Low, Moderate, andlor High Rates

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

mmm'rm

Verification that inhalation carbon dioxide concantration in the breathing zone
qmaummum percent when properly mounted on a
' headlorm connecied o a breathing machine
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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 inkel covering(s) at the manufaciurer's
specified work rate(s)

Shall undergo a performance evaluation by operation al their specified
running parameters for B hours a day for a total of 15 days in the most
demanding configuration for which the device is 1o be approved, This lesting
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

Moise levels shall ba = B5 dBA at any paint within a three fool diameter of tha
system

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

Mulliple user systems, whereby mare than one user is supplied by a single
portable blowar/air compressor, may be approved, if each hose line is
connected directly 1o @ manifold (requires pressure gauge and regulaior) at
the bloweriair Compressor

Muttiple user systems shall be designed such that air shall not back flow fram
ane ling to another

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

work i looce
Safely and Health

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

Air fiow - shall maintain positive pressure in the respiratory inlet covering at the
manufacturer's specified work rate{s) throwgh 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 excepbon that the tests will be conducted
at the manufacturer's specified work rate and shall maintain positive pressure
in the respiratory inlel covering

Airsource Supply Hose

Air flaw - Using the blower/alr compressor as the supply, the air supply hose
shall maintain positive pressure in tha respiratory inlet cavenng at the
manufaciurer's specified work rate(s) through the maximum langth of hose and
greatast number of connections for which approval is sought and the minimum
specified air supply pressura

Airline and Airsource Supply Hose

Nen-collapsibiily -unchanged with the exception that the tests will be
conducted at the manufaciurer's specified work rate and shall maintain
positive pressure in the respiratory inlet covering

- unchanged wilh the exception that the tests will be conducted

* Non-kinkabiity
al the manufaciurer's specified work rate and shall maintain positive pressure

in the respiratory inlet covering
Strength of hose and couplings - unchanged

 Hose permeation — mmmmmmﬂm

mmm
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(5) SAR Enhanced Requirements

Combination SAR/SCBA
Jay Parker

Performance Requirements Beyond Base for use in IDLH Atmospheres

Alirline and/or Airsource SAR with integrated escape cylinder

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

= Tigh fitling respiraiory inkel coverings offer posithve pressura, pressure |
demand prolections designad 1o sesl 1o the face or neck

« |ncorporalion of @ 5 minule or longer duralon escape air cylinder based on 1he
higih work rale, with air hose supply used during entry

« |ncorporation of a 15 minute or longer duration escape air cylinder base on the
high work rate, allowing nol more than 20 pefcent of 1he rated cylinder
capacity of air supply to be used during entry into a hazardous area

« [ the connection 1o &r Supply hose ocours in & hazardous almosphere zero
dead wolurme CoNRECHors must be used

+ Tha connection betwean the air hose and the resl of the resperator, mncduding

T BRCHpE aF n-.lhndar shall mcorporate 8 check valve or olhar means such z
Bl e s b Lot S e e s L o R Lens material haze, luminous transmittance and abrasion
severing, of damage 1o the a hose and no back fow of the cylinder air resistance

through the disconnacied asr supply hose shall oocur

Lens Material Haze: The haze value of the pnmary kens malerial ehall be 3% or ess
wihen taslad in accordance with ASTW D 1003-00

The conneclion between the i hose and the nest of the respirsior shall be
suih thal breathing &ir from the cylinder shail ondy fiow 1o the tight fitking

:ﬂmw“”f;ﬂl o8 s mr'::;?d l P Bl e o +  Lens maerial luminous ransmitiance. The luminows ransmittance value of the
P perirmary lens maserial shall be B8% or greater whaon lested in accordance with ASTM

« The unit must automatically switch to the escape eylinder i the air supply hose . ¥008-00

15 disconnecied, Severed, calasiraphically fais of Cannol supply adequals » Lens malaral abrasion resistance: The haze and luménous transmittance of ihe

Breathing air primary lens matarial shafl be defermined in accordance win ASTM D 100300
f before and afler subjeciing the lens malerial to the abrasion tesl. The abrasion 1851
::DPDN ﬁrmaamb;m?é‘;: o ”“::‘;‘.’:;‘;""_ shall bo conducted in accordance with ASTM D 104£-99 using a CS10F calibrase
w““mmmmm e “mlﬂfmhl of air hm'":‘; Hiadl sie. This, enll whadl at @ minimum of TO revalutions under & 500-gram weight. After the resicue is
wlliaut kass of &lf pa 1 (6 LSF BV WAl 0 cnctabile ramaved fram the lesl spacimons, the lost specmaens shall not exhibil an increase
i : pr il i i af haze greater than 4% and & decrease of luminous transmiitance greater than 4%
« jan atarm providing an indication thal the sysiem s on cylindar air shall be n nc
readily visibie (via ight) or detectable (via sound ar vibralion) 1o the user
wilhiout maniputation of 1he respiratar and withou! Stfecting profectan and + Al lgrses of respirstory inlet coverngs shall be designed and consiruciod 1o be
parformance Iimpaci and penetration resistant per the requiremants of ANSI ZBT 1-2003,
Amencan Nalional Standard for Occupalional and Educational Persanal Eye
+ These respirators mus! also meet the applicable oritana for subpart H- SCHA and Face Prolechon Devices.

Low temperature fogaing

»  The respralor shad demanntrala an sverage Visual Acuity Score (VAS) of
greater or equal lo 75 points for al measurements of aculty. The respirater shall
ba cold soaked and legled in an enviranmental chambar 3 minue 21°C or lowar

._anmmmmm This wearer shidl not
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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 Airsource CBRN SAR/SCBA Chemical Agent Permeation and Penetration Resistance
Includes all completely assembled respirators with an integrated Chemical agent permeation and penetration resistance against sulfer
escape cylinder, meeting the following requirements; mustard (HD} and sarin (GB) requirements:
+ Tight fitting respiratory inlet covenngs offer positive pressure, pressure * Includes all respirator components and accessories
damand protection

+ Test on an upper forso manikin connected to a breathing machine
+ 15 minute or longer duration escape air cylinder based on high work rale oparating at an air flow rate of 40 Lpm, 36 respirations per minute, and
1.1 liter tidal volume

+ Connection of the SAR portion of the CBRN SARSCBA 1o the portable

Airsource or Airline must occur in the non-contaminated atmosphere * Respirator tested in normal operaling mode with the CBRN SAR/SCBA
prior 1o entry breathing from the air supply hose for a minimum of six hours
+ No half-mask SAR shall be approved for CBRN protection + Breathing air from the air supply hose will be terminated and the SAR

must swilch automaticaily 1o the escape air cylinder
+ Must meet criteria for subpart H: SCBA and those for CBERN SAR/SCBA
in this subpart Simultaneous liquid and vapor challenge of CBRN SAR/SCEA with HD

R NTeE
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(7) SAR Reference Poster

Work Rate and Escape Cylinder Capacity
Rich Vojtko

Multiple Work Rate Approvals

MIOSH 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

Waork Rate Minute Volume | Tidal Velume and Respirations

Low [ -25 Lpm 1.30 Ilbars @182 maplmbul;ls pef manuie
Hc-dera_h; k| 40 Lp;n . 1.67 liters {@ 24 respirations per minule
.Hugh I 57 Lpm 1.95 liters @ 20.1 respuﬂhu;s; mlnu1;

The manufacturer shall specify the highest work rate from Table #1
for the intended use of the SAR system. Dmmmmm

W: Jrllt[.'ill:ll. o =
5 cnd 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
requiremeant, only the capacity designations. Table #2 describes
currently proposed time designations and their volumetric
equivalents.

Table #2 Escape Cylinder Capacities

Capacity Capacity

Designation Escape Only Entry and Escape
Time Basis(min) | 35 10 =10* 15 >15*
"._l"_nltlumg Basis (liter) | 285 | 570 =570" 875 >875"

*Actual capacity specified by manufacturer

vo

The purpase of the proposed change in capacity designation is to
prevent confusion ameng end users. Specification of an exact time
mmwwm of the mmm lirswp‘.rmumm
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(8) SAR Reference Poster

Standard Test Procedures
William P. King

Goal

Standard Test Procedures Requiring Revision

Update standard lest procedures (STPs) and standard operating
proceduras (SOF) to reflect current, new, and CERN performance
requiramants for supplied-air respirators {SAR).

New Standard Test Procedures

The following standard test procedures will be added to fulfil the testing
requiremants for the SAR. Several of these procedure already exist for
testing other respiratory protective devices and will be modified o meet
the SAR perlormance standards. The remainder will be developed and
validated.

The following standard lest procedures will be revised 1o Include the new
respiratory performance standards and methods.

Toplc Draft Reference Section |
IH_;nﬂl T;n 4133
| Determination n;F;-;v: S 4151 |
Lans impact m_uP_wmm Rasistance | 4152
Aarsource OO Alarm Test : 4240 :
Arsowrce Breaihing Gas Temperature Tasi 42432 |
Airsource Filter Efficiancy Test 4244
:Emwu Leakage 428
Positive Pressure in the Breathing Zone @ Work Rate 428
Facepiece Carton Dicxide Machine Test 429
Facepiece Orygen And Cartan Diaxide Leveis 4210

CD .! Soaioty ahd Hoalh.

Drah
5TP
STP Number Reference
Topic Status Snctin
Noise Leveils | RCT-ASR-STP-D111 Onig 416
mhalation Air Flow Resistance- | oo o | |
Pﬁ!'ﬂ-ul_'l D-M-II'Id RCT-ASR-5TP-D106 Cing | 427 |
e 1
| Aurflow Resistance-Continuous Flow RCT-ASR-STP-D113 Qng | 42,7 |
| Exhalation Alr Fiow Resiss T | __I e
RCT-ASR-STP-0107 Orig. 427
Prassure Demand | |
| . e AN
| Regulating Vahe Cycle Perfarmance RCT-ASR-STP-014 | Orig. 4412
!._ R et )
Hose & Caoupling Gasaling !
P Hon RCT-ASR-STP-0103A Orig. 44358
:AirFIm\' Resistance RCT-APR-STP-D0ES Orig. 4421
! |
Hose Kinkability RCT-ASR-STP0102 | Ong. | 4432 |
1 1
! AR
Hose & Coupling Strength RCT-ASR-STP-0100 Ong. | 4433
Hose & Coupling Tgntness RCT-ASR-STP-0101 Orig, I 4434 |
J
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