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N O T I C E  

All quest ions or other  communicat im~s re la t ing  to this document  should t~e sent only to NFPA l tead-  
quarters ,  addressed to the a t t en t ion  of the Commi t t ee  responsible for the document .  

For infi-~rmation on the procedures  for reques t ing  Techn ica l  Commit tees  m issue Formal  Interpreta-  
tions, proposing Ten ta t iw '  In ter im Amendments .  proposing a m e n d m e n t s  for Commi t t ee  considerat ion,  and 
appeals  on mat ters  re la t ing  to the content  of the document ,  write to the Secretary. S tamiards  Council  Na 
t ional  Fire Protect ion Association, Ba t t e rymarch  Park, Quincy,  MA 02269. 

A s ta tement ,  wri t ten  or oral .  tha t  is not processed in accordance  with Section 16 of the Regula t ions  
Governing Commi t t ee  Projects shall  not he considered the official posit ion of NFPA or any of its Commi t  
tees and shall not be considered to he. nor  be relied upon as. a F~rmal  In terpre ta t ion .  

Users of this documen t  should  consult  app l icab le  Federal .  State and  local laws and reguhtt ions NFPA 
does not, by the publ ica t ion  of this document ,  in tend to urge action which is not in compl iance  with ap- 
p l icable  laws and this document  mav not be construed as do ing  so 

Po l icy  Adop ted  by N F P A  Board  of Di rec to r s  on  December  3, 1982 

The  Board of Directors reaff irms that  the Na t iona l  Fire Protect ion Association recognizes that  the tox- 
icity of the products  of combus t ion  is an impor t an t  factor  in the loss of life from fire. NFPA has deab  with 
tha t  subject  in its technical  commit tee  documents  for many  years. 

There  is a concern that  the growing use of synthetic mater ia ls  may produce  more  or add i t iona l  toxic 
products  of combust ion  in a fire envi ronment .  The  Board has. therefore,  asked all NFPA technical  commi t  
tees to review the documents  for which they are responsible to be sure tha t  the documents  respond to this 
cur rent  concern.  To  assist the commit tees  in mee t ing  this request,  the Board has appoin ted  an advisory 
commi t t ee  to provide specific gu idance  to the technical  commit tees  on questions re la t ing tc~ assessing the" 
hazards  of the products  of combust ion .  

L i c e n s i n g  P rov i s ion  - -  This  documen t  is copyr ighted  by the Nat iona l  Fire Protect ion Association 
(NFPA),  

1. A d o p t i o n  by Re fe r ence  - -  Publ ic  author i t ies  and others are urged to reference this document  in 
laws, ordinances,  regulat ions,  admin i s t ra t ive  orders or s imi lar  ins t ruments .  Any deletions, addi t ions  and 
changes  desired by the adop t ing  au thor i ty  must  be noted separately.  Those using this me thod  are requested 
to notify the NFPA (Attent ion:  Se(re taryl  S tandards  Counci l )  in wri t ing of such use. The  term "adop t ion  by 
reference" means  the c i t ing of t i t le and  publ i sh ing  in format ion  nnlv. 

2. Adop t ion  by T r a n s c r i p t i o n  - -  A. Public  author i t ies  with l awmaking  or ru le -making  powers only. 
upon wri t ten notice to the NFPA (At tent ion:  Secretary, S tandards  Council) ,  will be g ran ted  a rovahy-free 
license to pr in t  and  republ ish  this document  in whole or in part ,  with changes  and  addi t ions,  if any. noted 
separately,  in laws, ordinances,  regulat ions,  admin is t ra t ive  orders or s imi lar  ins t ruments  having  the force of 
law, provided that :  { 1 ) due  notice of NFPA's  copyright  is con ta ined  in each lag'  and  in each copy thereof: 
and.  (2) that  such p r in t ing  and  republ ica t ion  is | i ra | t ed  to numbers  sufficient to satisfy the jur isdict ion 's  
l a w m a k i n g  or r u l e m a k i n g  process. B. Once  this NFPA Code or S tandard  has been adopted  into law. all 
pr in t ings  of this documen t  by publ ic  author i t ies  with l awmak ing  or ru l emak ing  powers or any other persons 
des i r ing to reproduce  this document  or its contents  as adopted  by the iur isdict ion in whole or in part ,  in any 
form, upon wri t ten request  to NFPA (At tent ion:  Secretary, S tandards  Council) ,  will be g ran ted  a nonex- 
clusive license to pr int ,  republ ish,  and  vend this document  in whole or in part ,  wi th  changes  and addi t ions.  
if any, noted  separate ly  provided that  due  notice of NFPA's  copyright  is con ta ined  in each copy, Such 
license shall  be g ran ted  only upon  agreement  to pay NFPA a rovalts,  This  royalty is required to provide 
funds for the research and  deve lopment  necessary to con t inue  the" work of NFPA and  its volunteers in con- 
t inual ly  u p d a t i n g  and revising NFPA s tandards .  Under  cer ta in  c i rcumstances ,  public  author i t ies  with 
l a w m a k i n g  or ru l emak ing  powers may apply for and  may receive a special royalty when the publ ic  interest 
will be served thereby. 

3. Scope of  License  Grant  - -  The  terms and condi t ions  set forth above do not ex tend  to the index to 
this document .  

(For fur ther  exp lana t ion ,  see the Policy Concern ing  the Adopt ion.  Pr in t ing  and Publ ica t ion  of NFPA 
Documents  which is avai lable  upon request  f rom the NFPA.)  

Statement  on  N F P A  Procedures  

This  ma te r i a l  has been developed under  the publ ished procedures  of the Nat iona l  Fire Protect ion 
Association. which are des igned to assure the appo in tmen t  of technical ly  competen t  Commit tees  having  
ba lanced  representa t ion.  X, Vhi]e these procedures  assure the highest  degree  of care, nei ther  the Nat iona l  Fire 
Protect ion Association, its members ,  nor  those pa r t i c ipa t ing  in its activities accepts any l iabil i ty resul t ing 
from compl iance  or noncompl i ance  with the provisions given herein,  for any restrict ions imposed on 
mater ia l s  or processes, or for the completeness  of the text. 

NFPA has no power or au thor i ty  to police or enforce compl iance  with the (ontents  of this document  
and  any cer t i f icat ion of products  s ta t ing  compl iance  with requ i rements  of this documen t  is made  at the peril  
of the certifier.  
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FREE! Send today for the NFPA Catalog. 
The National Fire Protection Association publishes a 100 
page catalog of all its Firesafety Products and Services. 

If you ever need firesafety codes and standards, Fire Serv- 
ice training programs and firesafety education materials 
this catalog is a necessity. 

To receive your free copy of the NFPA Catalog, just mail in 
this postage paid card today! Or call toll-free 1-800-344- 
3555 and ask one of our Customer Service Reps to send 
y O U  o n e .  (M6) 

(Please Print) 

Name Title 

Business 
[ ]  I am also 
interested 

Address Phone in NFPA 
membership. 

City State Zip _ _ _  

N E E D  Q U I C K  A N S W E R S  TO A W I D E  R A N G E  OF  F I R E S A F E T Y  Q U E S T I O N S ?  

Fire 
protection 
Handbook 

Save your time - -  put the leading one-volume firesafety 
"Library" on your bookshelf! - -  the new 16th edition of NFPA's 

FIRE PROTECTION HANDBOOK 
You need to preplan a response to a hazardous 
waste emergency, , ,  quench an oil fire in a hurry 
. . .  OK the design of a state-of-the-art spnnkler 
system.. ,  fireproof a robotics installation... 
inspect an aerosol charging outf i t . . .  

W H E R E  C A N  Y O U  T U R N  F O R  Q U I C K  
A N S W E R S  A N D  D I R E C T I O N ?  T H E  
R I G H T  A N S W E R S ?  R I G H T  AWAY? 

Do what thousand',; of fire-safety professionals do 
. keep a copy of the world's leading one-volume 
firesafety "library" close at hand. No other fire 
reference comes close to matching the colossal 
coverage of NFPA's FIRE PROTECTION 
HANDBOOK Or to matching its ease of use, either 
And the new 16th edition is better equipped than 
ever to meet your hre protechon and prevention 
needs -- with ovel 600 pages of all.new or updated 
infofmatJonl (M3-FPH 1686) $75.00 Members $67.50 

NEW 16TH EDITION 

Simply complete and mall this 
card today for free Inal copy of 
FIRE PROTECTION HAND- 
BOOK Then either keep it and 
pay our bill for $75 00 plus 
$2 85 for handling, or return it 
within 30 days and owe C~ty S t a t e _ _  
nothing, 

Phone 

FOR FASTER SERVICE CALL TOLL-FREE 1 " 8 0 0 - 3 4 4 " 3 5 5 5  

LET US SEND YOU A COPY FOR 30 DAYS FREE EXAMINATION 

Name NFPA Member I D # 

Organization 

Address 
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Q 1987 NFPA, All Rights Reserved 

NFPA 99B 

Standard for 

H y p o b a r i c  Fac i l i t i e s  

1987 Edition 

This edition of NFPA 99B, Standard for Hypobaric Facilities, was prepared by the 
Technical  Commit tee on Health Care Facilities, and acted on by the National  Fire 
Protection Association, Inc. at its Fall Meeting held November  17-20, 1986, in 
Denver, Colorado. It was issued by the Standards Council on December 10, 1986, with 
an effective date of  December 30, 1986, and supersedes all previous editions. 

The  1987 edition of  this s tandard has been approved by the American National 
Standards Institute. 

Changes other than editorial are indicated by a vertical rule in the margin  of the 
pages on which they appear.  These lines are included as an aid to the user in identify- 
ing changes from the previous edition. 

Origin and Development of NFPA 99B 

In 1965, when the then Subcommit tee  on Hyperbaric Facilities was appointed,  
several hospitals were employing hypobaric  therapy to treat respiratory diseases. Addi- 
tionally, NASA and the US Air Force were working with hypobaric chambers for space 
and air flight. The  name of the Subcommit tee  was then changed to Hyperbaric  and 
Hypobaric  Facilities, and the initial version of  a document  on this subject was 
prepared.  A tentative s tandard on the subject, NFPA 56E-T, was adopted at the 1971 
NFPA Annual  Meeting. In May 1972, the document  was adopted as an official stan- 
dard.  The  document  was revised again for the 1977 NFPA Annual  Meeting. 

A complete review of  NFPA 56E was accomplished for the 1981 Fall Meeting. Major 
changes included: (1) addition of statement in then Chapter  1 regarding the applica- 
tion of the standard;  (2) upda t ing  of all definitions including "oxygen-enriched at- 
mosphere" for the purposes of the standard;  and (3) complete updat ing  of construc- 
tion, equipment ,  fire protection, safe practices and maintenance  of  hypobaric  
facilities. Tha t  edition was designated IqFPA 56E-1982. 

In 1984, NFPA 56E, along with 11 other health care documents,  was combined to 
form NFPA 99, Standard for Health Care Facilities. NFPA 56E essentially became 
Chapter  11 of  NFPA 99. In that revision, the major  change made to the 1982 edition 
of NFPA 56E was a complete revision of  requirements for Class D chambers  to reflect 
their use for high-alt i tude training purposes. (Such chambers  do not require as exten- 
sive safety precautions as research and clinical chambers.)  

During the revision for the 1987 edition of NFPA 99, it was brought  to the attention 
of  the Subcommit tee  on Hyperbar ic  and Hypobaric  Facilities that hypobaric cham- 
bers were no longer used for medical purposes. As such, the material on hypobaric  
facilities really did not belong in NFPA 99. Thus,  the Subcommit tee  proposed that 
this material be separated from NFPA 99, and again published as a distinct NFPA 
document .  

The  only significant change for this edition of  NFPA 99B is a clarification of the 
definition of  oxygen-enriched atmosphere,  and the addition of  a new definition of at- 
mosphere of  increased burning  rate to distinguish it from an oxygen-enriched at- 
mosphere.  
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Committee  on Health Care Facilities 

Marvin  J. Fischer, Chairman 
Brookdale Hospital Medical Ctr. 

B u r t o n  R. Klein,  Secretary 
National Fire Protection Association 

(Nonvoting) 

Saul Aronow, Ph .D . ,  Technology in Medicine 
Bran ton  B. Blount ,  Presbyterian Healthcare Ser- 
vices 

Rep. American Hospital Assn. 
J.  A r m a n d  B u r g u n ,  Rogers Burgun Shahine & 
Deschler Architects 

Rep. NFPA Comm. on Safety to Life 
W. H.  L. Dornette,  M.D.,  Armed Forces In- 
stitute of Pathology 
Alice L. Epstein, Johnson & Higgins - ECRI 
Leo G. Foxwell, Hartford Insurance Group 

Rep. NFPA Comm. on Industrial & Medical 
Gases 
Mar t in  Grossman,  DHHS - U.S. Public Health 
Services 
Wi l l i am T .  Guy, J r . ,  The Elizabeth General 
Hospital, Elizabeth, NJ 

Rep. NFPA Health Care Section 
Stanley D. Kahn ,  Eastern States-Kahn Electric 
Inc. 

Rep. NECA 

Ode Richard  Keil, Joint Comm. on Accred. of 
Hospitals 
James W. Kerr ,  Falls Church, VA 
Wil l iam E. Koffel, Jr . ,  Gage-Babcock & Assoc. 
Inc. 

Rep. American Health Care Assn. 
W. M. Lampe,  Post-Glover Inc. 

Rep. Nat'l. Elec. Manuf.  Assn. 
Ra lph  Loeb, Sherlock Smith & Adams Inc. 
T h o m a s  D. Mat tern ,  UCLA Neuropsycbiatric 
Hospital 

Rep. NAPPH 
David A. McWhinn ie ,  Jr . ,  Mechanical Dynamics 
Inc. 

Ray J. Nichols,  J r . ,  M.D. ,  Univ. of TX Medical 
Branch 

Rep. American Society of Anesthesiologists 
Bryan  Parker,  Montefiore Hospital & Medical Ctr. 
J ohn  P. Swope, M.D.,  U.S. Navy 
Mayer  D. Z immerman ,  DHHS - Health Care Fi- 
nancing Admin.  

Alternates 

Douglas S. Erickson, American Hospital Assn. 
(Alternate to B. B. Blount) 

Joseph E. Johnson ,  Hilton Head Island, SC 
(Alternate to J. A. Burgun) 

Mary Webb,  American Assn. Homes for the Aging 
(Alternate to Amer. Assn. Homes for the Aging 

Rep.) 

Subcommittee  on Hyperbaric and Hypobaric  Facilities 

W. H. L. Dornette,  M.D.,  Chairman 
Armed Forces Institute of Pathology 

James H. Chappee,  Boeing Services Int'l. 
Frederick S. Cramer ,  Oxygen Research Founda- 
tion 
Michael  Gerken,  Baptist Memorial Hospital. 
Memphis, TN 

Rep. American Hospital Assn. 
Francis  T .  Gorman ,  Naval Facilities Engr. Com- 
mand  
George Babe Har t ,  M.D. ,  Memorial Hosp. Med. 
Ctr. of Long Beach, Long Beach, CA 

Rep. American College of Surgeons 
J o h n  Howard Kimzey,  Johnson Space Ctr. 

U.S. Nat'l. Aeronautics & Space Admin.  

M. T .  Merr igan,  Underwriters Laboratories Inc. 
James A. Meyer, M.D.,  Pettis Memorial VA 
Hospital, Loma Linda, CA 

Rep. American Society of Anesthesiologists 
J.  Rona ld  Sechrist, Sechrist Industries 
Paul  J.  Sheffield, Ph .D . ,  Beale AFB, CA 

Rep. USAF Office of Surgeon General 
Cleve T .  Svetlik, Johnson & Higgins of Ohio Inc. 

Rep. NFPA Health Care Section 
Joseph G. Weiss, Health Corp. of the Arch. of 
Newark 

Rep. Greater NY Hospital Assn. 
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Alternates 

Douglas S. Erickson, American Hospital Assn. 
(Alternate to M. A. Gerken) 

Earl J. Schlosser, Underwriters Laboratories Inc. 
(Alternate to M. T. Merrigan) 

Wilber T.  Workman,  U.S. Air Force School of 
Aerospace Medicine 

(Alternate to P. J. Sheffield) 

This list represents the membership at the time the Committee was balloted on the text of this edition. 
Since that time, changes in the membership may have occurred. 

NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the 
Association or any document developed by the Committee on which the member serves, 
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GENERAL 99B-5 

N F P A  99B 

Standard for 
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NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates explanatory material on that 
paragraph in Appendix A. 

Information on referenced publications can be found in 
Chapter 5 and Appendix B. 

Chapter 1 General  

1-1 Introduct ion.  
1-1.1 There is currently a widespread interest i n high- 
ahitude flight and space exploration. For this purpose, 
high-a!titude chambers and space simulators have been 
developed and put to use. Equipment, experimental 
animals, and humans have been exposed to various ar- 
tificial atmospheres under varying pressures ranging from 
760 mmHg atmospheric pressure to close to 0 mmHg. 

1-1.2 In some chambers the atmosphere may be enrich- 
ed with oxygen or contain 100 percent.oxygen. The in- 
creased combustibility of materials in those oxygen- 
enriched atmospheres has resulted in several fires in such 
chambers, with loss of life. 

1-1.2.1 There is continual need for human diligence 
and expertise in the establishment, operation, and main- 
tenance of hypobaric facilities. 

1-1.2.2 The partial pressure of oxygen present inthe at- 
mosphere of a hypobaric facility is one of the determining 
factors of the amount of available oxygen. This pressure 
will rise if the percentage of oxygen increases propor- 
tionately more than the fall in total pressure. Even more 
important than partial pressure of oxygen from the 
standpoint of fire hazards compared with normal air, 
however, is the decrease in percentage of nitrogen 
available. The absence of the inerting effect of this 
nitrogen generally will lower the ignition energy and 
markedly elevate the burning rate of combustible and 
flammable substances. (See Appendix C-1.2.2.1 and 
C-1.2.2.2.) 

1-1.2.3 It is the responsibility of the chief administrator 
or commanding officer of the facility possessing a hypo- 
baric chamber to adopt and enforce appropriate regula- 
tions for hypobaric facilities. In formulating and admin- 
istering the program, full use should be made of technical 
personnel highly qualified in hypobaric facility opera- 
tions and safety. 

1-1.2.4 It is essential that hypobaric chamber personnel 
having responsibility for the hypobaric facility establish 

~See NFPA 53M, Fire Hazards in Oxygen-Enriched Atmospheres, for 
description of some of these accidents. 

and enforce appropriate programs to fulfill the provisions 
of this standard. 

1-1.3 Potential hazards can be controlled only when 
continually recognized and understood by all pertinent 
personnel. The Subcommittee on Hyperbaric and Hypo- 
baric Facilities (of the Technical Committee on Health 
Care Facilities) realizes that such facilities are not nor- 
mally used to treat patierits. Nevertheless, human beings 
are being exposed; hence the need for preparation of this 
standard. 

1-1.4 This standard was prepared with the intent of of- 
fering standards for the design, maintenance, and opera- 
tion of such facilities. 

1-2 Purpose. 
1-2.1 The purpose of this standard is to set forth mini- 
mum safeguards for the protection of personnel involved 
in the use of facilities that may contain an oxygen- 
enriched atmospherefl and that are operated at pressures 
less than 760 mmHg. Its purpose is also to offer some 
guidance for rescue personnel who may not ordinarily be 
involved in the operation of hypobaric facilities, but who 
would become so involved in an emergency. 

1-3 Scope. 
1-3.1 This standard applies to all hypobaric facilities in 
which humans will be occupants, or are intended to be 
occupants. Facilities employed for animal experimenta- 
tion are not included if the size of the facility precludes 
human exposure. 

1-3.1.1 This standard covers the recognition of, and 
protection against, hazards of an electrical, explosion, 
and implosion nature, as well as fire hazards. 

1-3.1.2 Medical complications of hypobaric procedures 
are discussed primarily to acquaint rescue personnel with 
these problems. 

1-4 Application of  this Standard. This standard shall 
be applied only to new construction and new equipment. 
It shall not require the alteration or replacement.of ex-. 
isting construction or equipment. Existing construction 
or equipment shall be permitted to be continued in use 
when use does not constitute a distinct hazard to life as 
determined by the administration of the institution. 

1-5 Classification of  Chambers.  
1-5.1 General .  
1-5.1.1 Chambers shall be classified according to occu- 
pancy in order to establish appropriate minimum essen- 
tials in construction and operation. 

1-5.2 Occupancy.  
(a) Class D -- Human rated, air atmosphere not oxy- 

gen enriched. 

(b) Class E -- Human rated, oxygen-enriched atmos- 
phere  (partial pressure of oxygen is above 0.235 at- 
mospheres absolute). 

~See Section 2-2 in Chapter 2, "Definitions." 
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(c) Class F -- Human rated, artificial atmosphere. 

NOTE 1: Chapter 19, "Hyperbaric Facilities," in NFPA 99, 
Standard for Health Care Facilities, classifies hyperbaric 
chambers as A, B, or C. To avoid confusion, hypobaric facilities 
are classified D, E, and F. 

NOTE 2: Chambers designed for animal experimentation 
equipped for access of personnel to care for the animals are 
classified as Class D, E, or F for the purpose of this chapter de- 
pending upon atmosphere. Animal chambers, of a size that can- 
not be entered by humans, are not included in this standard. 

NOTE 3: Chambers used for high-altitude training are 
classified as Class D for the purpose of this standard. 

1-6 Nature of Hazards. 
1-6.1 This standard for the use of hypobaric facilities is 
intended to provide protection against fire, implosion, 
and other hazards without unduly limiting the activities 
of professional personnel involved in training or research. 
This principle, without minimizing the hazards, recog- 
nizes that all involved personnel should be aware of the 
hazards to life that are inherent in and around hypobaric 
facilities. 

1-6.2 Potential hazards involved in the design, con- 
struction, operation, and maintenance of hypobaric 
facilities are formidable. For further information on the 
nature of these hazards, see Appendix C-1. 

Chapter 2 Defini t ions 

For purposes of this standard, the following definitions 
apply as indicated. 

NOTE: "(HHF)" at the end of definition indicates that term is 
the responsibility of the NFPA Subcommittee on Hyperbaric and 
Hypobaric Facilities:. 

2-1 Off ic ia l  NFPA Definit ions.  
Approved.  Acceptable to the"author i ty  having juris- 

diction." 
NOTE: The National Fire Protection Association does not 
approve, inspect or certify any installations, procedures, 
equipment, or materials nor does it approve or evaluate testing 
laboratories. In determining the acceptability of installations or 
procedures, equipment or materials, the authority having 
jurisdiction may base acceptance on compliance with NFPA or 
other appropriate standards. In the absence of such standards, 
said authority may require evidence of proper installation, pro- 
cedure or use. The authority having jurisdiction may also refer 
to the listings or labeling practices of an organization concerned 
with product evaluations which is in a position to determine 
compliance with appropriate standards for the current produc- 
tion of listed items. 

Authority Ha v i ng  Jur isdict ion.  The "authority 
having jurisdiction" is the organization, office or in- 
dividual responsible for "approving" equipment,  an in- 
stallation or a procedure. 

NOTE: The phrase "authority having jurisdiction" is used in 
NFPA documents in a broad manner since jurisdictions and "ap- 
proval" agencies vary as do their responsibilities. Where public 
safety is primary, the "authority having jurisdiction" may be a 
federal, state, local or other regional department or individual 

such as a fire chief, fire marshal, chief of a fire prevention 
bureau, labor department, health department, building official, 
electrical inspector, or others having statutory authority. For in- 
surance purposes, an insurance inspection department, rating 
bureau, or other insurance company representative may be the 
"authority having jurisdiction." In many circumstances the 
property owner or his designated agent assumes the role of the 
"authority having jurisdiction"; at government installations, the 
commanding officer or departmental official may be the "au- 
thority having jurisdiction." 

Code. A document containing only mandatory provi- 
sions using the word "shall" to indicate requirements and 
in a form generally suitable for adoption into law. Ex- 
planatory material may be included only in the form of 
"fine print" notes, in footnotes, or in an appendix. 

Labeled.  Equipment or materials to which has been 
attached a label, symbol or other identifying mark of an 
organization acceptable to the "authority having juris- 
diction" and concerned with product evaluation, that 
maintains periodic inspection of production of labeled 
equipment or materials and by whose labeling the manu- 
facturer indicates compliance with appropriate standards 
or performance in a specified manner.  

Listed. Equipment or materials included in a list 
published by an organization acceptable to the "authority 
having jurisdiction" and concerned with product evalua- 
tion, that maintains periodic inspection of production of 
listed equipment or materials and whose listing states 
either that the equipment or material meets appropriate 
standards or has been tested and found suitable for use in 
a specified manner.  

NOTE: The means for identifying listed equipment may vary 
for each organization concerned with product evaluation, some 
of which do not recognize equipment as listed unless it is also 
labeled. The "authority having jurisdiction" should utilize the 
system employed by the listing organization to identify a listed 
product. 

Manua l  or Guide.  A document which is informative 
in nature and does not contain requirements. 

Shall. Indicates a mandatory requirement. 

Should. Indicates a recommendation or that which is 
advised but not required. 

Standard.  A document containing only mandatory 
provisions using the word "shall" to indicate re- 
quirements. Explanatory material may be included only 
in the form of"f ine print" notes, in footnotes, or in an ap- 
pendix. 

2-2 Definit ions of Terms Used in the Standard.  

Adiabatic Heat ing.  The heating of a gas caused by 
its compression. (HHF) 

Anoxia.  A state of markedly inadequate oxygenation 
of the tissues and blood, of more marked degree than 
hypoxia. (HHF) 

Atmosphere.  The pressure exerted by, and gaseous 
composition of, an environment. As employed in this 
standard, atmosphere may refer to the environment 
within or outside of the hypobaric facility. When used as 
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a measure of pressure, atmosphere is expressed as a frac- 
tion of standard air pressure [14.7 psi (101.4 kPa)]. (See 
Appendix C-3, "Pressure Table," Column 1.) (HHF) 

Atmosphere, Absolute (ATA). (See definition of at- 
mosphere.) Two ATA = two atmospheres. (HHF) 

Atmosphere, Ambient .  
tion of the environment 
(HHF) 

The pressure and composi- 
surrounding the chamber.  

Atmosphere,  Chamber .  The environment inside the 
chamber.  (HHF) 

Atmosphere of Increased Burning Rate.* Any at- 
mosphere containing a percentage of oxygen, or oxygen 
and nitrous oxide, greater than the quotient of 23.45 
divided by the square root of the total pressure in at- 
mospheres, i.e., 

23.45 where T.P . . . . .  = total pressure in atmospheres. 
~/T.P . . . . .  

(See Appendix A-2-2. ) (HFF) 

Bends. Decompression sickness, caisson worker's 
disease. (HHF) 

Crit ical  Equipment .  Tha t  equipment essential to 
the safety of the occupants of the facility. (HHF) 

Decompression Sickness. A syndrome due to evolved 
gas in the tissues resulting from a reduction in ambient 
pressure. (HHF) 

Flame Resistant. Where  f lame resistance of a 
material is required by this standard, that material shall 
pass successfully the small-scale test described in NFPA 
701, Standard Methods of Fire Tests for Flame-Resistant 
Textiles and Films, except that the test shall be con- 
ducted in the gaseous composit ion and m a x i m u m  
pressure at which the chamber will be operated. (HHF) 

NOTE:  A source of igni t ion a l te rna te  to the gas bu rne r  
specified in NFPA 701 may be requi red  for this test if it is to be 
per formed in 100 percent  oxygen at several a tmospheres  
pressure.  

Flame Retardant .  (See definition of flame resistant. ) 
(HHF) 

Hood, Oxygen. A device encapsulating the patient's 
head, and used for a purpose similar to a mask. (See 
definition of mask. ) (HHF) 

Hyperbar ic .  An adjective referring to pressures 
above atmospheric pressure. (HHF) 

Hyperba r i c  Oxygenat ion.  The application of pure 
oxygen or an oxygen-enriched gaseous mixture to a sub- 
ject at elevated pressure. (HHF) 

Hypobar ic .  An adjective referring to pressures below 
atmospheric pressure. (HHF) 

Hypoxia .  A state of inadequate oxygenation of the 
blood and tissue. (HHF) 

Intrinsically Safe. As applied to equipment and wir- 
ing, equipment and wiring that are incapable of releasing 
sufficient electrical energy under normal or abnormal 
conditions to cause ignition of a specific hazardous at- 
mospheric mixture. Abnormal conditions may include 
accidental damage to any part of the equipment or wir- 
ing, insulation or other failure of electrical components, 
application of overvohage, adjustment and maintenance 
operations, and other similar conditions. (HHF) 

Mask, Oronasal. A device that fits over the mouth 
and nose to deliver therapeutic gases to the user. (HHF) 

Nitrogen Narcosis. A condition resembling alco- 
holic inebriation, which results from breathing nitrogen 
in the air under significant pressure. (HHF) 

Noncombustible (Hyperbaric). Within the context 
of Chapter 19, "Hyperbaric Facilities," in NFPA 99, 
Standard for Health Care Facilities, an adjective describ- 
ing a substance that will not burn in 95 ± 5 percent oxy- 
gen at pressures up to 3 ATA (44.1 psia). (HHF) 

Noncombust ib le  (Hypobaric) .  Within the context 
of this standard an adjective describing a substance that 
will not burn in 95 ± 5 percent oxygen at pressures of 760 
mmHg.  (HHF) 

Nonflammable. An adjective describing a substance 
that will not burn under the conditions set forth in the 
definition of flame resistant. (HHF) 

Oxidizing Gas. A gas that supports combustion. 
Oxygen and nitrous oxide are examples of oxidizing 
gases. There are many others, including halogens. (HHF) 

Oxygen-Enriched Atmosphere. An atmosphere in 
which the concentration of oxygen exceeds 23.5 percent 
by volume. (HHF) 

Oxygen Index.  The minimum concentration of oxy- 
gen, expressed as percent by volume, in a mixture of oxy- 
gen and nitrogen that will just support combustion of a 
material under conditions of ASTM D2863. (HHF) 

Oxygen Toxicity (Hyperbaric). Physical impair- 
ment resulting from breathing gaseous mixtures contain- 
ing oxygen-enriched atmospheres at elevated pressures 
for extended periods of time. Under the pressures and 
times of exposure normally encountered in hyperbaric 
treatments, toxicity is a direct function of concentration 
and time of exposure. (HHF) 

Oxygen Toxici ty  (Hypobaric) .  Physical impairment 
usually resulting from breathing gaseous mixtures con- 
taining oxygen-enriched atmospheres at elevated 
pressures for extended periods of time; it may occur 
under the pressures and duration of exposure normally 
encountered in long-duration hypobaric exposures, since 
toxicity is a direct function of concentration and time of 
exposure, and involves toxicity of the lung. (HHF) 
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Pressure, Absolute. T h e  total  pressure in a system 
with reference to zero pressure. (HHF)  

Pressure, Ambient. Refers to total  pressure of the 
env i ronment  referenced.  (HHF)  

Pressure, Gauge. Refers to total  pressure above (or 
below) a tmospher ic .  (HHF)  

Pressure, P a r t i a l .  T h e  pressure,  in absolute  units, 
exer ted  by a pa r t i cu l a r  gas in a gas mix ture  (the pressure 
con t r ibu t ed  by o ther  gases in the mix ture  is ignored) .  For 
example ,  oxygen is one of the const i tuents  of air; the par-  
t ial  pressure of oxygen in s t a n d a r d  air, at a s t anda rd  air  
pressure of 14.7 psia, is 3.06 psia or 0.208 A T A  or 158 
m m H g .  (HHF)  

Psia .  Pounds  per  square  inch absolute,  a uni t  of 
pressure measu remen t  with zero pressure as the base or 
reference pressure.  (HHF)  

Psig. Pounds per  square  inch gauge,  a uni t  of 
pressure measuremen t  with a tmospher ic  pressure as the 
base or reference pressure (under  s t anda rd  condit ions,  
0 psig is equivalent  to 14.7 psia). (HHF)  

Self-Extinguishing. A character is t ic  of  a ma te r i a l  
such that  once the source of  igni t ion is removed,  the 
f lame is quickly ext inguished without  the fuel or oxidizer  
be ing  exhausted.  (HHF)  

Chapter 3 Construction and Equipment 

3-1 Housing for Hypobaric Facilities. 
3-1.1 Hypobar i c  chambers  and  all anci l lary  service 
equ ipmen t  shall be housed in f i re-resistant  const ruct ion 
of  not less than  one-hour  classif ication which shall be a 
bu i ld ing  ei ther  isolated from other  bui ld ings  or separa ted  
f rom cont iguous const ruct ion by one-hour  noncombust i -  
ble (under  s t a n d a r d  a tmospher ic  condi t ions)  wall con- 
s truct ion.  

NOTE: This standard does not restrict the number of 
chambers that can be placed in the same room or building. 

3-1.1.1 If  there  are  connec t ing  doors th rough  such 
c o m m o n  walls of cont igui ty,  they shall  be at least B label ,  
one -hour  fire doors.  All  const ruct ion and  finish mater ia l s  
shall be noncombus t ib le  under  s t anda rd  a tmospher ic  
condi t ions.  

NOTE: Characteristics of building construction housing 
hypobaric chambers and ancillary facilities are no less important 
to safety from fire hazards than are the characteristics of the 
hypobaric chambers themselves. It is conceivable that a fire 
emergency occurring immediately outside a chamber, given suf- 
ficient fuel, could seriously endanger the life or lives of those in- 
side the chamber. Service facilities will in all probability be 
within the same building. These will also need protection while 
in themselves supplying life-maintaining service to those inside. 

3-1.1.2 The  room or rooms housing the hypobar ic  
chambers  and  service equ ipment ,  such as descr ibed in 
3-1.1, shall have an au tomat i c  spr inkler  system instal led 
in accordance  with N F P A  13, Standard for the Installa- 
tion of Sprinkler Systems. 

Exception: The sprinkler requirement in 3-1.1.2 is not 
applicable if the air intake for the emergency 
repressurization valve cannot be exposed to smoke or 
fumes. 

3-1.2 T h e  room housing the hypobar ic  c h a m b e r  shall 
be vented sufficiently to the outside or be equ ipped  with 
blow-in pane l ing  so that  the execut ion of the emergency 
" d u m p "  p rocedure  (see Appendix C-2) will not disrupt  
the integr i ty  of the walls of  the bui lding.  As an alter- 
native, the p ip ing  for the " d u m p "  valve may  be ex- 
ter ior ized (see 3-2.5) provided that  the valve will funct ion 
within the pa rame te r s  set forth in 3-2.5 and  provided  that  
the source of  repressurizat ion air cannot  be con- 
t amina ted .  

3-2 Fabrication of the Hypobaric Chamber. 

3-2.1 Hypobar i c  chambers  shall  be designed and 
fab r i ca ted  to comply  with the ASME Boiler and Pressure 
Vessel Code, Section VII I ,  "Unfi red  Pressure Vessels, 
Division 1 or Division 2," by personnel  qual i f ied to 
fabr ica te  vessels under  such codes. Metal  cu t t ing  and 
welding shall be done only by cer t i f ied welders. 

3-2.2 Floor ing  of  Class E and Class F chambers  shall be 
noncombus t ib le .  

3-2.2.1 If  the procedures  to be car r ied  out  in a Class E 
or Class F hypobar ic  c h a m b e r  require  ant is tat ic  flooring, 
the f looring shall be instal led in accordance  with Section 
12-4.1, "Anesthet iz ing Locat ions ,"  in N F P A  99, Stan- 
dard for Health Care Facilities. 

3-2.2.2 W h e r e  feasible, it is r e c o m m e n d e d  that  
hypobar ic  chambers  be const ructed  without  a bilge or 
o ther  enclosures that  will collect dir t ,  dust,  or l iquids.  I f  a 
bilge is instal led,  the floor overlying it shall be removable  
for c leaning the bilge. 

NOTE: It may not be feasible or practical to construct certain 
chambers without a bilge. 

3-2.3 T h e  inter ior  of  Class E and  Class F chambers  shall 
be unfinished,  or t rea ted  with a finish that  is inorganic  
zinc based or h igh-qual i ty  epoxy or equivalent ,  or that  is 
f lame resistant.  

3-2.3.1 If  sound-deaden ing  mater ia l s  are employed  
within a hypobar ic  chamber ,  they shall  be f lame resis- 
tant .  

3-2.4 A sufficient n u m b e r  of viewing ports  and  access 
ports  for p ip ing  and  mon i to r ing  and  re la ted  leads shall be 
instal led dur ing  ini t ial  fabr ica t ion  of the chamber .  Pru- 
dent  design considerat ions  suggest that  at least 150 per- 
cent excess pass- through capac i ty  be provided.  

3-2.4.1 Electr ical  circuits that  are compromised  by 
water  ext inguishing agents  from the externa l  spr inkler  
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fire extinguishing system shall be weather/drip pro- 
tected. 

3-2.4.2 Viewports shall be designed and fabricated ac- 
cording to ANSI/ASME PVHO-1, Safety Standard for 
Pressure Vessels for Human Occupancy. 

3-2.5 Hypobaric chambers shall have capability for 
emergency repressurization of locks and chamber. 
Repressurization schedules shall be compatible with re- 
quirements for subject safety and with emergency rescue 
modes. Redundant means for repressurization shall be 
provided. 

3-3 I l luminat ion.  
3-3.1 Whenever possible all power sources for illumina- 
tion shall be mounted outside the chamber and chamber 
lock. 

Exception: Class D chambers are exempt from this re- 
quirement. 

3-3.1.1 Lighting fixtures used in conjunction with 
viewports shall be designed as specified in ANSI/ASME 
PVHO-1, Safety Standard for Pressure Vessels for 
Human Occupancy. Means shall be provided for chang- 
ing lamps outside the chamber without disturbing inner 
gaskets or seals. 

3-3.1.2 Wherever a tungsten filament lamp is employed 
for illumination of a hypobaric chamber or chamber 
lock, a heat shield or other suitable means shall be incor- 
porated in the fixture to prevent excessive surface tem- 
peratures. 

3-3.1.3 Gasket material shall be of a type that permits 
thermal expansion and shall be suitable for the tempera- 
tures and vacuum involved. Gasket material for Class E 
and F chambers shall be fire resistant. 

3-3.2 Permanent lighting fixtures installed within Class 
E and F chambers or locks shall comply with the re- 
quirements of NFPA 70, National Electrical Code ®, Ar- 
ticles 500 and 501, Class I, Division I, Group C at- 
mospheres and shall be approved for the maximum 
vacuum and oxygen concentration attainable within the 
chamber. 

3-3.3 Portable spot illumination, if used, shall comply 
with 3-7.3.3. In addition, the flexible cord (1) shall be of 
the type designated for extra-hard usage as defined in 
NFPA 70, National Electrical Code, Section 501-11; (2) 
shall contain a grounding conductor; and (3) shall be 
manufactured of fire-resistive materials approved for use 
in the presence of 95 + 5 percent oxygen. 

N O T E :  Flexible co rd  m a y  be  h a z a r d o u s  in the  l imi ted  conf ines  
o f  the  c h a m b e r ,  a n d  its use should  be avoided .  

3-4 Ventilation. 

3-4.1 Whenever a hypobaric chamber is occupied, it 
shall be ventilated to avoid concentrating CO2 and 02 
levels inside the chamber. 

in the chamber is fouled by combustion or otherwise. 
Each breathing apparatus shall be available for im- 
mediate use and the source of the breathing mixture shall 
be independent of chamber atmosphere. The breathing 
gas supply shall be sufficient for simultaneous use of all 
breathing apparatus. Such apparatus shall function at all 
pressures that may be encountered in the chamber. 

3-4.3 Sources of air for the Class D and E chamber at- 
mosphere and for individual breathing apparatus, if 
these do not have self-contained supplies, shall be such 
that toxic or flammable gases are not introduced. Intakes 
shall be located so as to avoid air contaminated by ex- 
haust from vehicles, stationary engines, or building ex- 
haust outlets. 

3-4.3.1 Warming or cooling of the atmosphere within 
the chamber may be accomplished by circulating the am- 
bient air within the chamber over or past coils through 
which a constant flow of warm or cool water is circulated. 
Dehumidification may be accomplished through the use 
of cold coils; humidification, by the use of a gas-powered 
water nebulizer. Suitable noncombustible packing and 
nonflammable lubricant shall be employed on the fan 
shaft. 

Exception: Class D chambers are exempt from this re- 
quirement. 

3-5 Fire Extinguishment Requirements for Class E 
and Class F Hypobar ic  Facilities. 

3-5.1 Detection of fire shall be automatic using either 
an ultraviolet or infrared detection system. The detection 
system shall be capable of discriminating between normal 
chamber illumination and fire radiation. Detectors shall 
be located to provide constant surveillance of all areas of 
the chamber, its equipment, and its occupants. Elec- 
tronic devices shall be housed and constructed of 
materials compatible with expected atmospheres and am- 
bient pressures. 

3-5.1.1 A fixed automatic extinguishing system shall be 
installed within all Class E and Class F chambers. The 
system shall discharge automatically within one-half sec- 
ond of sensible flame development and shall be manually 
operable as well. 

3-5.1.2 Each electrohydraulic or electromechanical 
control device should respond in less than 80 
milliseconds. Each shall be furnished and installed in 
duplicate so as to provide redundancy of control device 
for even greater rapidity of system operations. 

3-5.1.3 All chambers, manways, and air locks that 
communicate with each other shall be equipped with de- 
tectors, manual actuation means, and water spray 
systems. If the communicating chambers are each to be 
protected by separate extinguishing systems, the water 
supply's hydraulic characteristics shall be capable of 
simultaneous operation of all systems. 

3-4.2 Individual breathing apparatus should be sup- 
plied for each occupant of the chamber for use in case air 

3-5.2 A suitable control panel shall be provided to con- 
trol each fire extinguishing system. 
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3-5.2.1 Standby power shall be composed of trickle- 
charged batteries with sufficient capacity to furnish 
necessary system operating energy for four continuous 
hours if charging source should fail. A trouble signal shall 
sound if charging voltage shall fail. 

3-5.2.2 Detector wiring shall be electrically supervised 
to determine continuity. Integrity of all components shall 
be regularly checked manually with portable or fixed 
radiation source at each detection device. A disenabling 
"test" switch shall be provided in the panel to prevent 
discharge of water from nozzles during tests. 

3-5.2.3 Circuitry to solenoid valves or other remote 
system actuators shall be equipped with necessary end-of- 
line resistors and/or  relays to assure maintenance of con- 
tinuity. An indicating light shall be operated and an 
audible trouble signal shall sound if standby circuitry 
fails. 

3-5.2.4 The automatic control system shall provide for 
double complements of remote electrohydraulic or 
mechanical devices, which shall be connected in a redun- 
dant manner. 

3-5.2.5 A timer shall be furnished and adjusted to allow 
actuation of the fire protection system for 20-second con- 
secutive intervals, so long as the flame detectors report a 
fire condition. 

3-5.2.6 The design of the control panel shall preclude 
use of all time delay relays and other time-consuming 
devices in the system actuation circuitry. 

3-5.2.7 Supervisory lights and audible signals shall be 
provided to monitor position of water supply main con- 
trol valves. 

3-5.2.8 Audible signals shall be initiated by the control 
panel upon either the actuation of any flame detector or 
initiation of water flow into the chamber. 

3-5.2.9 Auxiliary contacts shall be made available to 
actuate relays or contactors in lighting and power cir- 
cuits. 

3-5.3 Suitable supervisory monitor switches shall be at- 
tached to all main water supply gate valves and con- 
nected to the fire protection control panel. 

3-5.3.1 Audible signals shall be located exterior to the 
chamber at the fire protection control panel and at other 
designated points in the facility to alert all concerned per- 
sonnel of fire or water flow in the chamber. Only water or 
water containing thickening or wetting agents shall be 
used in hypobaric chambers for fire fighting. 

3-5.3.2 Total water demand shall be determined by 
multiplying total chamber floor area by 7.5 gal/ft2/min 
(202.9 L/m2/min).  Thirty (30) psi (206.8 kPa) minimum 
operating water pressure at the nozzle shall be provided. 
Water supply shall be constantly and fully available and 
shall not be delayed by starting of fire primps. The total 
quantity of water available for exclusive fire protection of 
chambers shall be adequate to furnish water for at least a 

one-minute duration (three consecutive 20-second ap- 
plications). 

N O T E :  The  quant i t ies  and  pressure of water  for fire ex- 
t inguish ing  indica ted  above are based on l imi ted  tes t ing and 
should  be considered subject to change  as add i t iona l  da ta  
become avai lable.  

3-5.3.3 Spray nozzles shall be placed to produce 
overlapping cones of water spray covering all chamber 
areas. They shall be equipped with remotely controlled 
internal valve mechanisms that will accommodate prim- 
ing all piping fully with operating standby water 
pressure. 

3-5.3.4 Connecting piping system shall be proven by 
calculation to be hydraulically adequate to produce 
uniform distribution of water. 

3-5.3.5 The system design shall be such that prior to ac- 
tivation of the water deluge system, whether operated in 
the automatic or manual mode, interior chamber power 
shall be automatically deactivated, and the emergency 
lighting and communication system activated. 

3-6 Fire Extinguishment Requirements for Class D 
Chambers .  

3-6.1 A manual, portable, or fixed extinguishing capa- 
bility shall be provided inside Class D chambers. 

3-6.1.1 If installed, spray nozzles shall be capable of 
producing directed full-cone patterns and shall be so 
located to impinge from all directions on all surfaces of 
chamber, equipment, and occupants. 

3-6.2 Only water or water containing thickening or wet- 
ting agents shall be used in hypobaric chambers for fire 
fighting. 

3-6.3 Provisions shall be made to manually disconnect 
all power in the chamber by providing a control switch in 
the operator panel. 

3-6.4 Manual fire alarm switches shall be located at the 
operator console or at other designated points in the facil- 
ity to alert all concerned personnel of fire in or around 
the chamber. 

3-7 Electr ical  Systems. 

3-7.1 It is the intention of this chapter that no electrical 
equipment be installed or used within the chamber that is 
not intrinsically safe or designed and tested for use under 
hypobaric conditions. Control devices, whenever possi- 
ble, should be installed outside of the chamber. 

3-7.2 Source of Power to Hypobaric  Chambers .  

3-7.2.1 All hypobaric chamber service equipment, 
switchboards, and panelboards shall be installed outside 
of the chamber enclosure, and be so arranged as to read- 
ily permit manual supervisory control by operators in 
visual contact with the chamber interior. 

3-7.2.2 All critical electrical equipment and circuits 
associated with the hypobaric chamber, whether within 
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or outside of the chamber, shall have a minimum of two 
independent sources of electric power. 

3-7.2.3 All critical electrical circuits contained within 
the chamber, all emergency lighting, whether within or 
outside of the chamber, and all circuits used for com- 
munication and alarm systems shall be connected to the 
emergency system, according to Chapter 3, in NFPA 99, 
Standard for  Health Care Facilities. 

3-7.2.4 The circuits and equipment listed in 3-5.1.2, 
3-5.3.1, 3-5.3.2, and 3-7.2.3 shall be so installed and 
connected to an alternate source of power that they will 
be automatically restored to operation within 10 seconds 
after interruption of the normal source. 

Exception: Class D chambers with emergency power 
manual switch on the operator console are exempt f rom 
this requirement. 

3-7.3 Electrical Wir ing and Equipment.  

3-7.3.1 All electrical equipment installed or used in a 
hypobaric chamber or lock shall be approved for use in 
Class I, Division 1, Group C locations at the highest oxy- 
gen partial pressure and lowest total pressure and oxygen 
concentration attainable in the chamber or lock. Elec- 
trical equipment approved as intrinsically safe shall be 
constructed with noncombustible insulation. (See NFPA 
70, National Electrical Code, Article 500.) 

Exception: Class D chambers are exempt f r o m  this re- 
quirement. 

NOTE: Electrical equipment that has been tested and found 
suitable for explosive atmospheres at ambient pressure and nor- 
mal oxygen concentration may not be suitable when used in the 
presence of explosive atmospheres below ambient pressure 
and /or  above normal oxygen concentrations. 

with termination fittings approved for the location shall 
be the wiring method employed. All boxes, fittings, and 
joints shall be explosionproof. (See Article 501, NFPA 70, 
National Electrical Code.) 

Exception: Class D chambers are exempt f rom this re- 
quirement. 

3-7.3.5 Fixed electrical equipment within the chamber 
enclosure shall comply with the requirements of NFPA 
70, National Electrical Code, Articles 500 and 501, Class 
I, Division 1. Equipment installed therein shall be ap- 
proved for use in Class I, Group C atmospheres at the 
maximum vacuum and oxygen concentration attainable. 

Exception: Class D chambers are exempt f r o m  this re- 
quirement. 

3-7.3.6 Overcurrent protective devices shall comply 
with the requirements of NFPA 70, National Electrical 
Code, Article 240, and shall be installed outside of, and 
adjacent to, the hypobaric chamber. Equipment used in- 
side the chamber may have its own individual overcurrent 
devices incorporated within the equipment, provided this 
device is approved for Class I, Division 1, Group C at- 
mospheres at the maximum vacuum and oxygen concen- 
tration attainable. Each circuit shall have its own in- 
dividual overcurrent protection in accordance with Arti- 
cle 240-11 of NFPA 70. 

Exception: Class D chambers are exempt f rom this re- 
quirement. 

3-7.3.7 Each ungrounded circuit within or partially 
within the chamber or lock shall be controlled by a switch 
outside the enclosure having a disconnecting pole for 
each conductor. These poles shall be ganged. 

3-7.3.2 All electrical circuits serving equipment located 
adjacent to, or in the vicinity of, hypobaric chambers, the 
housing for which is sprinkler-protected as per 3-1.1.2, 
shall be installed to prevent water from interfering with 
the operation of the equipment or be equipped with a 
power drop capability should the sprinkler system be ac- 
tivated. 

3-7.3.3 All power and light electrical circuits contained 
within the chamber shall be supplied from an unground- 
ed electrical system, fed from isolating transformers 
located outside of the chamber, and equipped with a line 
isolation monitor with appropriate signal lamps as 
specified in Chapter 3, "Electrical Systems," in NFPA 99, 
Standard for Health Care Facilities. It is desirable that 
this monitor be capable of sensing single or balanced 
capacitive-resistive faults, as well as leakage of current to 
ground. 

Exception: Class D chambers are exempt f rom this re- 
quirement. 

3-7.3.8 Switches, receptacles, and attachment plugs de- 
signed for electrical systems used in ordinary locations 
shall be prohibited from use in hypobaric chambers or 
locks because of the frequent sparks or arcs that result 
from their normal use. All receptacles and attachment 
plugs shall conform to Section 3-4.1.2.4(g), "Receptacles 
and Attachment Plugs in Hazardous Areas," in NFPA 
99, Standard for  Health Care Facilities. 

Exception: Class D chambers are exempt f rom these re- 
quirements. 

NOTE: Because of the corona problem, if switches are to be 
used, it is recommended that they be hermetically sealed. 

3-8 Intercommunications and Monitoring Equipment. 

3-8.1 Intercommunications equipment is mandatory to 
the safe operation of hypobaric chambers. 

3-8.1.1 All intercommunications equipment shall be 
approved as intrinsically safe. 

3-7.3.4 All electrical wiring installed in the hypobaric 
chamber shall comply with the requirements of NFPA 
70, National Electrical Code, Articles 500 and 501, Class 
I, Division 1. Equipment installed therein shall be ap- 
proved for use in Class I, Group C atmospheres at the 
maximum proposed vacuum and oxygen concentration. 
Either threaded rigid metal conduit or Type MI cable 

3-8.1.2 Microphones, loudspeakers, and hand phones 
located in the chamber and personnel locks shall be ap- 
proved as intrinsically safe at the maximum proposed 
vacuum and oxygen concentration. All other components 
of the intercommunications equipment including audio 
output transformers shall be located outside of the 
hypobaric facility. 
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Exception: Oxygen mask microphones with external 
relays designed to operate on 28 volts or less and not ex- 
ceed a current of 0.25 ampere, provided they qualify as 
intrinsically safe for the condition of  use. I f  push-to-talk 
or toggle switches are used in Class E or Class F chambers, 
they shall be of  the hermetically sealed, pressure-tested 
type, with arc-suppressed circuits incorporated in the 
switch. 

3-8.1.3 Voice sensors, when part  of an oxygen mask, 
shall be approved as intrinsically safe for 95 :t: 5 percent 
oxygen at atmospheric pressure. 

3-8.1.4 All electrical conductors inside Class E and 
Class F chambers or personnel locks immediately adja- 
cent thereto, shall be insulated with insulation that is 
flame resistant. 

Exception: Grounds through the piping system need 
not be insulated. 

3-8.1.5 The intercommunications system shall connect 
all chamber personnel areas and the chamber operator's 
control panel. All hypobaric chambers shall be equipped 
with a communicat ions  system with redundant  
capabilities, 

3-8.2 All personnel monitoring equipment shall be 
located on the outside of the chamber and the monitoring 
leads conveyed through appropriate pass-throughs. As an 
alternative, approved monitors continuously purged with 
inert gas and designed so as not to exceed maximum safe 
operating temperatures and pressure changes may be 
employed. 

3-8.2.1 The conductors or patient leads extending into 
the chamber shall be intrinsically safe at the maximum 
vacuum and oxygen concentration that can be en- 
countered in the chamber or system. 

3-8.3 Any other electrically operated equipment  
brought into a Class E or Class F hypobaric chamber,  or 
installed in the chamber,  including monitoring and inter- 
communications equipment,  shall be approved for use in 
Class I, Division I, Group C hazardous locations at the 
maximum altitude and oxygen concentration that can be 
encountered in the chamber or system. 

NOTE:  Because of the corona problem,  if  switches are to be 
used, it is r e commended  tha t  they be hermet ica l ly  sealed. 

3-8.4 Sensors shall be installed to detect levels of carbon 
dioxide above 0.2 percent and carbon monoxide above 15 
ppm in Class E chambers. 

Chapter 4 Administration and Maintenance 

4-1 General. 
4-1.1 Purpose.  Chapter 4 contains requirements for 
administration and maintenance that shall be followed as 
an adjunct to physical precautions specified in Chapter 3. 

4-1.2 Recognit ion of Hazards.  The hazards involved 
in the use of hypobaric facilities can be successfully 
minimized only when the hazards are recognized. All 
operations and maintenance personnel shall make con- 
scious efforts to remove these hazards. The nature and 
degree of the hazards involved are outlined in Appendix 
C and should be reviewed by all personnel. Since Chapter 
4 is expected to be used as a reference by those responsi- 
ble for preparing local guidelines for hypobaric facilities, 
the requirements set forth herein are frequently accom- 
panied by explanatory text. 

4-1.3 Responsibility. 

4-1.3.1 Responsibility for the maintenance of safe con- 
ditions and practices both in and around hypobaric 
facilities falls mutually upon the governing body of the 
institution, all personnel using or operating the 
hypobaric facility, and the administration of the institu- 
tion, 

4-1.3.2 A safety director shall be appointed who shall 
be responsible for the safety of the operations of the 
hypobaric facility. (See 4-7.5.) 

4-1.3.3 The complexity of hypobaric chambers is such 
that one person should be designated as flight supervisor, 
as the one in a position of responsible authority. Prior to 
commencing the hypobaric profile, the chamber flight 
supervisor shall ensure that the chamber has been ap- 
propriately preflighted and is staffed for the type of pro- 
file to be conducted. 

4-1.3.4 In meeting its responsibilities for safe practices 
in hypobaric facilities, the administration of the facility 
shall adopt and correlate regulations and standard 
operating procedures to assure that both the. physical 
qualities and the operating methods pertaining to 
hypobaric facilities meet the requirements of this stan- 
dard. 

4-1.4 Rules and Regulations. 

4-1.4.1 General .  In facilities where governing direc- 
tives have not been established, it is recommended that 
administrative, technical, and professional staffs jointly 
consider and agree upon necessary rules and regulations 
for the use of hypobaric facilities. Upon adoption, copies 
of the rules and regulations shall be prominently posted 
in and around the hypobaric chamber.  

4-1.4.2 All personnel who are to be exposed to 
hypobaric atmospheres shall be given physical examina- 
tions to ensure that they have no physical condition that 
would make exposure more hazardous for them than it 
would be if they were normal healthy persons. 

4-1.4.3 All chamber operating personnel shall become 
familiar with emergency equipment -- its purpose, ap- 
plications, operations, and limitations. 

4-1.4.4 Emergency procedures best suited to the needs 
of the individual facility shall be established. All 
operating and maintenance personnel shall become 
thoroughly familiar with these procedures and the 
methods of implementing them. Operating personnel 
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shall be trained to safely return the chamber to normal 
atmospheric pressure when all powered equipment has 
been rendered inoperative. 

4-1.4.5 A suggested outline for emergency action in the 
case of fire is contained in Appendix C-2. 

4-1.4.6 Fire training drills shall be carried out at reg- 
ular intervals. 

N O T E :  A ca lm react ion to an emergency  situation can be ex- 
pected only if the above r ecommenda t ions  are  fami l ia r  to, and  
rehearsed  by. all concerned.  

4-1.5 General Requirements. 

4-1.5.1 Open Flames and Hot Objects. Smoking, 
open flames, hot objects, and ultraviolet sources, which 
would cause premature operation of flame detectors 
(when installed), shall be prohibited in hypobaric 
facilities, both inside and outside (in the vicinity of the 
chamber). The immediate vicinity of the chamber is de- 
fined as the general surrounding area from which activa- 
tion of the flame detector can occur. 

4-1.5.2 The use of flammable agents inside a hypobaric 
chamber shall be forbidden. Burners employing natural 
or LP-Gas for laboratory purposes, cigarette lighters, and 
flammable anesthetic gases fall into this category. The 
use of flammable hair sprays, hair oils, and facial 
makeup by chamber occupants shall be prohibited in 
Class E chambers. 

Exception: When potentially flammable agents are re- 
quired inside the chamber (e.g., alcohol swabs, 
parenteral alcohol-based pharmaceuticals, topical 
creams), such agents shall be approved by the safety 
director. 

4-1.5.3 Parts of this chapter deal with the elements re- 
quired to be incorporated into the structure of the 
chamber to reduce the possibility of electrostatic spark 
discharges, which are a possible cause of ignition in 
hypobaric atmospheres. The elimination of static charges 
is dependent on the vigilance of administrative activities 
in materials purchase, maintenance supervision, cleaning 
procedures, and periodic inspection and testing. It can- 
not be emphasized too strongly that an incomplete chain 
of precautions generally will increase the electrostatic 
hazard. For example, in research chambers where use of 
flammable gases is planned, conductive flooring (see 
3-2.2.1) may contribute to the hazard unless all personnel 
wear conductive shoes and unless all objects in the room 
are electrically continuous with the floor and humidity is 
maintained. Maximum precautions within reason shall 
be taken. 

4-1.6 Personnel. 
4-1.6.1 All personnel entering Class E and Class F 
hypobaric chambers in which use of flammable gases is 
planned shall be in electrical contact with the conductive 
floor through the wearing of conductive footwear or an 
alternative method of providing a path of conductivity. 

4-1.6.2 If a patient is brought into a chamber, elec- 
trical connection to the conductive floor shall be assured 
by the provision of a conductive strap in contact with the 

patient's skin, with one end of the strap fastened to the 
metal frame of the table (or other equipment) meeting 
the requirements of Section 12-4.1.3, "Flammable 
Anesthetizing Locations," in NFPA 99, Standard for 
Health Care Facilities. 

Exception: When a subject is in direct contact with a 
conductive mattress that is appropriately grounded. 

4-1.6.3 Because of the possibility of percussion sparks, 
shoes having ferrous nails that may make contact with the 
floor shall not be permitted to be worn in Class E and 
Class F chambers. 

4-1.6.4 Equipment of cerium, magnesium, magnesium 
alloys, and similar manufacture shall be prohibited. 
(Also see Note under 4-3.2.) 

4-1.6.5 The number of occupants of the chamber shall 
be kept to the minimum number necessary to carry out 
the procedure. 

4-1.7 Textiles. 
4-1.7.1 Cotton, silk, wool, or synthetic textile materials 
shall not be permitted in Class E and Class F chambers, 
unless the fabric meets the requirements of Section 
4-1.7.3. 

4-1.7.2 Any paper and plastic devices or otherwise 
restricted materials may be used in Class E and Class F 
chambers at the direction of the person in charge with the 
concurrence of the safety director. This permission shall 
be stated in writing for all restricted materials employed 
(see 4-1.3.2). 

4-1.7.3 Fabric used in Class E and Class F chambers 
shall meet the requirements set forth for the small-scale 
test in NFPA 701, Standard Methods of Fire Tests for 
Flame-Resistant Textiles and Films, except that the test 
atmosphere shall be 95 + 5 percent oxygen at the 
pressure equivalent to the maximum rating of the 
chamber. 

4-1.7.4 All Class E and Class F chamber personnel shall 
wear garments completely covering all skin areas possi- 
ble, and should be as tight-fitting as possible, especially 
at the wrists, neck, and ankles. 

4-1.7.5 All other fabrics used in Class E and Class F 
chambers such as sheets, drapes, and blankets shall be in- 
herently flame-resistant materials. 

4-2 Denitrogenation. Personnel entering hypobaric 
chambers for periods of prolonged activity therein gener- 
ally must be denitrogenated before exposure to reduced 
barometric pressure. Since fire fighting and rescue tech- 
niques require repressurization of the chamber.- 
denitrogenation is not required for fire and rescue per- 
sonnel. 

4-3 Equipment. 
4-3.1 All equipment used in the hypobaric facility shall 
comply with Chapter 3 of this standard. This includes all 
electrical and mechanical equipment necessary for the 
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opera t ion  and  ma in t enance  of  the hypobar ic  facility, as 
well as any medica l  devices and  ins t ruments  used in the 
facility. Use of unapp roved  equ ipmen t  shall be pro- 
h ibi ted .  

NOTE: For cleaning of equipment, see 4-7.5.2. 

4-3.1.1 Unmodi f i ed  por tab le  X-ray  devices, electro- 
cautery  equ ipment ,  and  o ther  s imilar  h igh-energy devices 
shall not be opera ted  in the hypobar ic  chamber .  Photo- 
g raph ic  equ ipmen t  employing  photof lash,  f lood lamps,  
or  s imilar  equ ipmen t  shall not  r ema in  in the hypobar ic  
c h a m b e r  when the c h a m b e r  is depressurized.  

4-3.1.2 Equ ipmen t  known to be, or suspected of being,  
defective shall not  be in t roduced  into any hypobar ic  
c h a m b e r  or used in conjunc t ion  with the opera t ion  of 
such c h a m b e r  unti l  repa i red ,  tested, and  accepted  by 
qual i f ied  personnel  and  approved  by the safety d i rec tor  
(see 4-1.3.2). 

4-3.1.3 The  use of pape r  shall be kept  to a m i n i m u m .  
Combus t ib le  p a p e r  i tems such as cups, towels, or tissues 
shall not  be b rought  into a Class E or Class F hypobar ic  
chamber .  

4-3.2 Oxygen p ip ing  systems, containers ,  valves, f ig  
tings, and  in te rconnect ing  equ ipmen t  shall be all meta l  
to the extent  possible. Valve seats, gaskets, hoses, and  
lubr icants  shall be selected carefully for oxygen com- 
pa t ib i l i ty  under  service condit ions.  

NOTE: Users should be aware that many items, if ignited in 
oxygen-enriched atmospheres, are not self-extinguishing. Iron 
alloys, aluminum, and stainless steel are, to various degrees, in 
that category, as well as human skin, muscle, and fat. and 
plastic tubing such as polyvinyl chloride. Testing for oxygen 
compatibility is very complicated. Very little data exist and 
many standards still have to be determined. Suppliers do not 
normally have facilities for testing their products in controlled 
atmospheres. Both static conditions as well as as impact condi- 
tions are applicable. Self-ignition temperatures normally are 
unknown in special atmospheres. 

4-3.3 Equ ipmen t  in suppor t  of Class E and Class F 
chambers  requi r ing  lubr ica t ion  shall be lubr ica ted  with 
oxygen-compat ib le ,  f lame-resis tant  mater ia ls .  

Exception: The vacuum pumps used by Class D 
chambers may be exempted from this requirement, de- 
pending on user requirements. 

4-4 H a n d l i n g  of  Gases. 

4-4.1 F l a m m a b l e  gases shall not be p iped  into, used, or 
s tored within or in the immed ia t e  vicinity of  Class D or E 
hypobar ic  chambers .  N o n f l a m m a b l e  medica l  gases and 
b rea th ing  air may  be p iped  into the hypobar ic  chambers ,  
p rovided  the conta iner  and  contents  are approved .  The  
insi tut ion's  adminis t ra t ive  personnel  shall ensure that  
rules and  regulat ions  are provided  to ensure the safe han- 
d l ing  of gases in the hypobar ic  facil i ty (see 4-1.3.1). 

4-4.2 Quant i t ies  of oxygen stored in the c h a m b e r  shall 
be kept  to a m i n i m u m .  Oxygen and  o ther  gases shall not  
be in t roduced  into the c h a m b e r  in the l iquid state. 

4-5 M a i n t e n a n c e .  

4-5.1 The  hypobar ic  safety d i rec tor  shall be u l t imate ly  

responsible for ensuring that  all valves, regulators,  
meters,  and  s imilar  equ ipment  used in the hypobar ic  
c ha mbe r  are proper ly  compensa ted  for safe use under  
hypobar ic  condit ions,  and  tested periodical ly.  Life sup- 
por t  systems, valves, controls,  gauges, and  pressure rel ief  
valves shall be tested and ca l ib ra ted  periodical ly.  

4-5.1.1 The  hypobar ic  safety di rector  shall be u l t imate-  
ly responsible for ensur ing that  all gas outlets for p iped  
systems in the chambers  are proper ly  labe led  or stenciled 
in accordance  with ANSI  Z48.1, Standard Method of 
Marking Portable Compressed Gas Containers to Identify 
the Material Contained; Chap te r  4, "Gas and Vacuum 
Systems," of  N F P A  99, Standard for Health Care 
Facilities; or a c ompa ra b l e  DOD s tandard .  Class D 
chambers  that  are equ ipped  with only oxygen gas sources 
are exempt  from this r equ i rement .  

4-5.1.2 Before p ip ing  systems are init ial ly put  into use, 
it shall be ascer ta ined that  the gas del ivered at the outlet  
be shown on the outlet  label  and  that  p roper  connect ing 
fit t ings are checked against  their  labels, in accordance  
with Sections 4-3 through 4-6 of  N P F A  99, Standard for 
Health Care Facilities, or a comparab l e  DOD s tandard .  

4-5.1.3 Protect ion of inlets and  outlets against  animals,  
birds,  insects, and  o ther  foreign ma t t e r  shall be ade- 
quate .  Locat ion of these openings shall be such as to en- 
sure pro tec t ion  from damage  for firesafety. 

4-5.1.4 The  guidel ines set forth in Chap te r  4, "Gas and 
Vacuum Systems," in N F P A  99, Standard for Health 
Care Facilities, or a comparab l e  DOD s t anda rd  concern- 
ing the storage, location,  and  special precaut ions  re- 
qui red  for compressed gases shall be followed. 

4-5.1.5 All s torage areas shall be located remotely from 
the hypobar ic  envi ronment .  

4-5.2 Roentgen rad ia t ion  equ ipmen t  shall not be 
employed  inside hypobar ic  chambers .  

4-5.3 M a i n t e n a n c e  Logs. 

4-5.3.1 Instal lat ions,  repairs ,  modif ica t ions  of equip-  
ment ,  etc. ,  re la ted  to the c ha mbe r  should be evalua ted  
by engineer ing or ma in t enance  personnel ,  tested under  
opera t ing  pressure and  approved  by the safety director .  
Records of  the various tests shall be ma in ta ined .  

4-5.3.2 Main tenance  equ ipmen t  records shall be main-  
ta ined  by ma in tenance  personnel .  Ope ra t ing  or mainte-  
nance  personnel  shall certify in wri t ing that  the chamber  
has been appropr i a t e ly  pref l ighted  pr ior  to chamber  
opera t ion .  

4-5.3.3 Cleaning  routines shall be established.  

4-5.3.4 Opera t ing  equ ipmen t  logs shall not be taken in- 
side the chamber .  

4-6 Electr ical  Safeguards.  
4-6.1 Electrical  equ ipmen t  shall be instal led and 
opera ted  in accordance  with Section 3-7 of this s tandard .  
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4-6.1.1 All electrical circuits shall be operationally 
tested before chamber depressurization. (See 3-7.3.3.) 

4-6.1.2 In the event of fire, all nonessential electrical 
equipment within the chamber shall be deenergized in- 
sofar as possible before extinguishing the fire. Smoulder- 
ing, burning electrical equipment shall be deenergized 
before extinguishing a localized fire involving only the 
equipment. 

4-7 Electrostatic Safeguards. 
4-7.1 General. The elimination of static charges is 
dependent on the vigilance of administrative activities in 
materials purchased, maintenance supervision, and 
periodic inspection and testing. 

4-7.1.1 Textiles. Textiles used or worn in the hypo- 
baric chamber shall conform to 4-1.7 of this chapter. 

4-7.2 Maintenance.  
4-7.2.1 Conductive Floors where Applicable. (See 
Section 12-4.1, "Anesthetizing Locations, " in NFPA 99, 
Standard for Health Care Facilities.) 

4-7.2.2 Furni ture .  

(a) In Class E and Class F chambers equipped with 
conductive floors, periodic inspection shall be made of 
leg tips, tires, casters, or other conductive devices on fur- 
niture and equipment to ensure that they are maintained 
free of wax, polish, lint, or other extraneous material that 
may insulate them and defeat the purpose for which they 
are used and also to avoid transporting to conductive 
floors such materials from other areas. Metals capable of 
impact sparking shall not be allowed for casters or fur- 
niture leg tips. 

NOTE:  Ferrous metals  may cause such sparking.  So may 
magnes ium or m a g n e s i u m  alloys if  contact  is m a d e  with rusted 
steel. 

(b) Casters shall not be lubricated with oils or other 
flammable materials. Such lubricants shall be oxygen 
compatible and flame resistant. 

4-7.3 Testing. Conductive testing, if required, shall be 
in accordance with requirements in Section 12-4.1, 
"Anesthetizing Locations," in NFPA 99, Standard for 
Health Care Facilities. 

4-7.3.1 Materials containing rubber may deteriorate in 
oxygen-enriched atmospheres. Such materials should be 
inspected regularly, especially at points of high stress. 

4-7.4 Fire Protection Equipment .  Electrical switches, 
valves, and electrical monitoring equipment associated 
with fire detection and extinguishing shall be visually in- 
spected before each chamber depressurization. Fire 
detection equipment shall be tested each week or prior to 
use and full testing, including discharge of extinguishing 
media, conducted at least annually. Testing shall include 
activation of trouble circuits and signals. Discharge of ex- 
tinguishant may be limited to 10 percent of the system 
capacity provided simultaneous discharge of all systems is 
demonstrated. 

When portable pressurized water fire extinguishers are 
provided inside Class D chambers, they shall be inspected 
prior to each depressurization. Testing of these portable 
units shall be in accordance with NFPA 10, Standard on 
Portable Fire Extinguishers. 

4-7.5 Housekeeping.  
4-7.5.1 It is absolutely essential that all areas of, and 
components associated with, the hypobaric chamber be 
kept meticulously free of grease, lint, dirt, and dust. A 
regular housekeeping program shall be implemented 
whether or not the facility is in regular use. The persons 
assigned to this task shall be thoroughly indoctrinated in 
the hazards to occupants under normal operation. 

4-7.5.2 In Class E and Class F chambers, cleaning 
materials that leave a flammable film shall not be used in 
the chamber or on any material entering the chamber; 
cloths and brushes that may catch and leave flammable 
strands should be used with extreme care to prevent this 
from happening. Vacuum cleaning of walls, floors, 
underflooring, shelves, cabinets, etc., of the chamber 
and its contents is recommended. Equipment to be used 
in the chamber should be cleaned, not only on the ex- 
terior, but on the interior of its cabinet where fine flam- 
mable dust may collect. The area of the facility around 
the chamber shall be kept tidy and clear of all un- 
necessary material. 

Intakes and exhausts of piping within the facility or 
passing through exterior walls of the facility shall be in- 
spected regularly to ensure that animal, bird, and insect 
guards are adequate and clean, and that the area is 
suitably protected and has no rubbish or other storage 
posing a threat to proper and safe operation. 

Chapter 5 Referenced Publ icat ions  

5-1 The following documents or portions thereof are 
referenced within this standard and shall be considered 
part of the requirements of this document. The edition 
indicated for each reference shall be current as of the 
date of the NFPA issuance of this document. These 
references shall be listed separately to facilitate updating 
to the latest edition by the user. 

5-1.1 NFPA Publications. National Fire Protection 
Association, Batterymarch Park, Quincy, MA 02269. 

NFPA 10-1984, Standard for Portable Fire Ex- 
tinguishers 

NFPA 13-1987, Standard for the Installation of  Sprin- 
kler Systems 

NFPA 70-1987, National Electrical Code 
NFPA 99-1987, Standard for Health Care Facilities 
NFPA 701-1977, Standard Methods of  Fire Tests for 

Flame-Resistant Textiles and Films 

5-2 Other Publications.  
5-2.1 ASME Publ icat ions .  American Society of 
Mechanical Engineers, 345 East 47th Street, New York, 
NY 10017. 
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ANSI/ASME PVHO-l-1978, Safety Standard for 
Pressure Vessels for Human Occupancy 

ASME Boiler and Pressure Vessel Code 

5-2.2 CGA Publication.  Compressed Gas Association, 
Inc., 1235 Jeffeson Davis Highway, Arlington, VA 22202. 

Pamphlet C-4-1978, Standard Method of Marking 
Portable Compressed Gas Containers to Identify the 
Material Contained (ANSI Z48.1) 

5-2.3 ASTM Publ ica t ion .  American Society for 
Testing and Materials, 1416 Race Street, Philadelphia, 
PA 19103. 

ASTM D2863-77, Method for Measuring the Mini- 
mum Oxygen Concentration to Support Candle-like 
Combustion 

Appendix A Explanatory Notes to Chapters 1-4 

A-2-2 Atmosphere of Increased Burning Rate. The 
degree of fire hazard of an oxygen-enriched atmosphere 
varies with the concentration of oxygen and diluent gas, 
and the total pressure. The definition contained in the 
current edition of NFPA 53M, Manual on Fire Hazards 
in Oxygen-Enriched Atmospheres, and in editions of 
NFPA 56D, Standard for Hyperbaric Facilities, prior to 
1982, did not necessarily reflect the increased fire hazard 
of hyperbaric and hypobaric atmospheres. 

The definition for atmosphere of increased burning 
rate in Chapter 19, "Hyperbaric Facilities," in NFPA 99, 
Standard for Health Care Facilities, and for this standard 
defines an oxygen-enriched atmosphere with an increased 
fire hazard, as it relates to the increased burning rate of 
material in the atmosphere. It is based upon a 1.2 
cm/second burning rate (at 23.5 percent oxygen at 1 at- 
mosphere absolute) as described in Figure A-2-2 from 
"Technical Memorandum UCRI-721, Chamber Fire 
Safety," by Schmidt, Dorr & Hamilton (Ocean Systems 
Inc., Research & Development Lab, Tarrytown, NY 
01591). (See Figure A-2-2.) 

This Appendz)c is not a part of the requirements of this NFPA docu- 
ment, but is included for information purposes only. 
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Figure A-2-2 Burning  rates of filter paper strips at an angle of 45 
degrees in Nz--0t mixtures. (From Figure 4, "Technical  Memoran- 
dum UCRI-721,  Chamber Fire Safety," T.  C. Schmidt, V. A. Dorr  
and R. W. Hamil ton Jr . ,  Ocean Systems, Inc.  Research and 
Development Laboratory, Tarrytown,  New York 10591. Work car- 
ried out under US Office of Naval  Research, Washington,  DC, Con- 
tract No. N00014-67-A-0214-0013.) (Cook, G. A., Meierer, R. E., 
Shields, B. M. Screening of Flame-Resistant Materials and Com- 
parison of Helium with Nitrogen for Use in Diving Atmospheres. 
First summary report under O N R  Contract No. 0014-66-C-0149. 
Tonawanda,  NY: Union  Carbide, 31 March 1967. DDC No.  
AD-651583.) 

Appendix B Referenced Publications 

B-1 The following documents or portions thereof are 
referenced within this standard for informational pur- 
poses only and thus should not be considered part of the 
requirements of this document. The edition indicated for 
each reference should be current as of the date of the 
NFPA issuance of this document. These references 
should be listed separately to facilitate updating to the 
latest edition by the user. 

B- I . I  NFPA Publications. National Fire Protection 
Association, Batterymarch Park, Quincy, MA 02269. 

NFPA 53M-1985, Manual on Fire Hazards in Oxygen- 
Enriched Atmospheres 

NFPA 325M-1984, Fire Hazard Properties of Flam- 
mable Liquids, Gases and Volatile Solids 

B-1.2 ASME Publ icat ions .  American Society of 
Mechanical Engineers, 345 East 47th Street, New York, 
NY 10017. 

ANSI/ASME PVHO-1-1978, Safety Standard for 
Pressure Vessels for Human Occupancy 

B-2 Other Publications. 
B-2.1 Oceans Systems, Inc., Research and Develop- 
ment Laboratory, Tarrytown, NY 10591. Work carried 
out under U.S. Office of Contract No. N00014- 
67-A-0214-0013. 

Technical Memorandum UCRI-721, Chamber Fire 
Safety 
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Appendix C Addit ional  Explanatory Information to 

Chapters 1 to 4 

C-1 Nature of Hazards.  

C-I.1 General.  
C- I . I . 1  There  are several hazards involved in the 
design, construction, operation, and maintenance  of  
hypobaric  facilities. Some equipment  may prove to be ex- 
tremely hazardous in oxygen-enriched atmospheres com- 
pared with similar use in air. Under  small-scale test con- 
ditions, some materials that  are self-extinguishing in air, 
for example, have horizontal burn ing  rates of more than 
20 inches per second in oxygen at atmospheric pressure. 

C-1.1.2 Material Control.  All items brought  into a 
hypobaric  chamber  should comply with acceptance 
criteria. Waivers should be granted in accordance with 
clearly defined criteria that include both ignitibility and 
propagat ion rates and, fur thermore,  are subject to 
periodic review. It should also be an accepted fact that  
despite great care, some materials in a hypobaric  
chamber  will be f lammable and a fire, once started, may 
quickly become catastrophic.  

C-1.1.3 Ventilation in a hypobaric  chamber  is signifi- 
cantly different than in normal  atmospheres. For exam- 
ple, if a hypobaric  chamber  atmosphere is cycled through 
a purifier to remove only excess carbon dioxide or water 
vapor, f lammable gas levels could build up to excessive 
levels as in any closed breathing circuit. 

C - I . I . 4  The  quanti ty of  oxygen in the atmosphere of  a 
hypobaric  chamber  can be related to the number  of 
pounds of fuel that  would burn,  the number  of Btu re- 
leased in such a reaction, and the pressure rise. Typically, 
for four pounds of oxygen one pound  of a hydrocarbon 
fuel is consumed, l iberating approximately 20,000 Btu 
per pound.  

C-1.2 Fire  and  Explosion.  

C-1.2.1 The  occurrence of  a fire requires the presence 
of  a combustible material,  an oxidizer, and a source of  
energy to provide ignition. 

C-1.2.2 Under  hypobaric conditions the oxygen content 
of  the atmosphere may be increased from 21 percent to as 
much  as 100 percent.  Both the increased partial pressure 
of  oxygen and the reduction in diluent inert or nonoxidiz- 
ing gas contribute to an increased fire hazard.  (See Figure 
C-1.2.2.) 

C-1.2.2.1 Material self-extinguishing in air at at- 
mospheric pressure may burn  vigorously in an oxygen- 
enriched atmosphere.  The  specific rates, or ability to 
continue burning  once an igniter is removed, depends on 
the composition of  the material  and the geometry of the 
system. Examples include wool, leather, polyvinyl 
chloride, silicone rubber,  neoprene, epoxy adhesives, and 
many  fire-retardant compounds.  The  resulting higher 
flame temperature  from materials burning  in oxygen also 
plays a significant role, as it enables things that are 
harder  to burn to enter into combustion,  such as metals 
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that  have high heats of  combustion. There  is also a slight 
reduction in ignition energy. Thus,  the following effects 
are produced in an oxygen-enriched hypobaric  at- 
mosphere: 

(a) Reduced inert gas. 

(b) Increased partial pressure of  oxygen giving in- 
creased available oxygen. 

(c) Slightly reduced ignition energy. 

(d) Increased burning rates. 

(e) Higher flame temperature  and lower flash point 
than at 14.7 psia. 

C-1.2.2.2 There  is a change in "flash point" and "fire 
point" as pressure is reduced. Published data obtained in 
air at 14.7 psia are therefore not reliable for hypobaric 
atmospheres nor is there a clear-cut way to estimate the 
change.  

C-1.2.2.3 The flammabili ty of  petroleum products and 
other compounds  containing carbon and hydrogen is well 
known. Hazards of liquids and gases that are f lammable 
in air are apparent  in hypobaric chambers.  Some guide- 
lines to their use in oxygen are documented  in Chapter  4, 
"Gas and Vacuum Systems," and Section 12-4.1, 
"Anesthetizing Locations," in NFPA 99, Standard for 
Health Care Facilities. (See also NFPA 53M, Manual on 
Fire Hazards in Oxygen-Enriched Atmospheres, and 
NFPA 325M, Fire Hazard Properties of Flammable Liq- 
uids, Gases and Volatile Solids.) Lubricants,  cleaning 
agents, and sterilization agents (such as ethylene oxide) 
are also in this category. They  should be avoided unless 
data are available to verify their safety in the chamber.  

C-1.2.3 Garments  used by occupants  of  a hypobaric 
chamber  produce a special hazard. All conventional 
fabrics used as clothing are highly combustible under  
oxygen-enriched conditions, except while saturated with 
water. Dependence must not be placed on fire-retardant 
treatments for service in oxygen-enriched atmospheres. 
Bedding, including mattresses, sheets, pillows, and 
blankets, is combustible. All conventional waterproof 
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fabrics are combustible, including gloves. All bandages 
and dressings, including wooden splints, canvas, and 
much  conventional medical equipment  are combustible. 
Other  combustible products include name tags, check 
lists, notebooks, towels, sponges, and dry food products. 

C-1.2.3.1 Choice of  construction materials is based on 
many  factors including availability, ease of  cleaning, 
toxic properties, and cost, to name  a few. Approved 
materials for use elsewhere in an institution normally are 
the basis for selection in hypobaric  facilities. For Class D 
chambers  this is normally adequate.  However, Class E 
and Class F chambers  raise the difficult question of oxy- 
gen compatibility. As this document  is a standard,  not a 
handbook,  complete guidelines or design tips are not ap- 
propriate.  Flammable  liquids and gases are covered in 
the preceding section. The  criteria in selecting solids, 
both metals and nonmetals,  are not so easily dealt with. 
(See 4-1.6.4, 4-1.7, and 4-3.) 

C-1.2.3.2 Metal screens, woven wire shields on cables, 
and braided wire coverings on electrical or pneumat ic  
tubing can present unusual fire hazards. Whether  
a luminum, stainless steel, or other alloys containing iron, 
t i tanium, nickel, chromium,  or silver, etc., are involved, 
a fire started by an electric arc can produce considerable 
heat and is difficult to extinguish. 

C-1.2.4 Sources of  Ign i t ion .  

C-1.2.4.1 Sources of  ignition that might  be en- 
countered in a hypobaric chamber  include, but are not 
necessarily limited to: defective electrical equipment  (in- 
cluding failure of high-voltage equipment) ,  heated sur- 
faces in broken vacuum tubes or broken lamps used for 
general illumination, open or arcing switches (including 
motor  switches), overheated motors, electrical thermo- 
stats, and communicat ions  equipment .  

C-1.2.4.2 Sources of ignition that should not be en- 
countered in a hypobaric  facility, but  that  might  be in- 
t roduced by inept practice, include: lighted matches or 
tobacco; static sparks from improper  use of personal at- 
tire; electrical wiring not complying with 3-7, including 
convenience outlets and brushes on motor  rotors; 
photographic  flash equipment;  cigarette lighters; and 
any animal or vegetable oi l-contaminated materials, 
which present a spontaneous heating hazard. 

C-1.2.4.3 In oxygen-enriched atmospheres as defined 
in Section 2-2, the min imum energy necessary to ignite 
f lammable  or combustible materials is generally reduced 
below the energy required in atmospheres of ambient  air 
in most instances. 

NOTE: Items previously sterilized and packaged within 
biological barriers can be charged with significant levels of static 
energy. Upon opening such packages the neutralization of the 
static charge can release sufficient energy to cause ignition. The 
situation is worse if the inside atmosphere is dried by the use of a 
package of dessicant, and if packaged in a sterilized atmosphere 
containing ethylene oxide, an explosion could result as the static 
electricity is released as a spark. The force of the explosion will 
probably be at a low level but the resulting flame could ignite 
adjacent material including the arm of the person opening the 
package. 

C - 1 . 3  M e c h a n i c a l  H a z a r d s .  

C-1.3.1 A vacuum vessel is subject to implosion and /o r  
sudden inlet of  surrounding atmosphere. As a result, in- 
lets into the chamber  must be protected from harming 
exterior personnel and chamber  occupants  by the 
vacuum action, and structures surrounding the chamber  
must be vented to allow pressure equalization. Inlet 
valves should be protected. 

C-1.3.2 A part icular  hazard can be created if in- 
dividuals a t tempt  to drill, cut, or weld the vessel in a 
manner  contrary to ASME PVHO-1,  Safety Standard for 
Pressure Vessels for Human Occupancy. 

C-1.3.3 The  restriction on escape, and the impedance 
to efforts at rescue and fire fighting posed by the 
chamber ,  create a significant hazard to life in case of fire 
or other emergency. 

C-1.3.3.1 A part icular  hazard to chamber  personnel 
exists in the event of  a fire within the structure housing 
the chamber.  Inability to escape from the chamber  and 
loss of  services of  the chamber  operator would pose 
serious threats to life of all occupants of  the chamber.  

C-1.3.3.2 All occupants of  hypobaric chambers  should 
be aware that accidental fires are extremely dangerous 
and may be avoided by exercising due care in restricting 
burnables,  reducing oxygen concentrat ion,  and eliminat- 
ing ignition sources. 

C-1.3.4 Viewing ports, if of small size, limit the vision 
of  chamber  operators and other observers, reducing their 
effectiveness as safety monitors. 

C-1.3.5 Containers,  including aerosol cans, and 
enclosures may be subjected to rupture or collapse in con- 
sequence of  the changing pressures in the hypobaric 
chamber .  Items containing entrained gas include, but 
are not necessarily limited to: ampuls, partially filled syr- 
inges; stopped or capped bottles; cuffed endotracheal  
catheters; and pneumat ic  cushions employed for 
breathing masks or as aids in positioning patients. The 
rupture  of such containers having combustible or flam- 
mable liquids would also constitute a severe fire or explo- 
sion hazard and they should be excluded from the 
chamber .  

C-1.3.5.1 Containers sealed in a hypobaric environ- 
ment  may implode and containers sealed at atmospheric 
pressure may explode when pressure is elevated or re- 
duced, respectively. The  fracture of a container of flam- 
mable  liquid would constitute a severe fire or explosion 
hazard from the spill and vaporization of the liquid. (See 
4-1.5.2, 4-4.1, and Appendix C-1.2.2.3.) 

C-1.3.5.2 The  pressure rise due to fire may cause the 
chamber  interior to reach high pressures. 

C-1.3.5.3 The  hot gases vented in an emergency should 
be ducted to atmosphere.  Care must be exercised in the 
location of such a vent, in that flame propagat ion will be 
enhanced by the flow of gases. 
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C-1.3.6 Other mechanical hazards relate to the 
malfunction, disruption, or inoperativity of many stan- 
dard items when placed in service under evacuated at- 
mospheres. Hazards that might be encountered in this 
regard are: explosion of containers that are normally 
hermetically sealed at atmospheric pressure such as con- 
densers, batteries, tin cans, and the like; overheating of 
devices that require convection to remove heat such as 
motors, lamps, transistors, and the like. Corona effects 
(ionization flashover) are more likely to occur in vacuum 
than at pressure, resulting in arcs, destruction of elec- 
trical apparatus, and possible fire in an oxygen-enriched 
atmosphere. 

C-1.3.6.1 Sealed electrical equipment or convectively 
cooled apparatus may be a source of ignition. 

C-1.4 Physiological and Medical Hazards. 
C-1.4.1 Medical hazards that may be encountered 
routinely include compression problems and the direct ef- 
fects of sudden pressure changes, such as dysbarism, 
anoxia, hypoxia, etc. 

C-1.4.1.1 Inability to equalize pressure differentials be- 
tween nasopharynx (nose) and nasal sinuses or middle ear 
can result in excruciating pain and may cause rupture of 
the ear drum or hemorrhage into the ear cavity or nasal 
sinus. 

C-1.4.1.2 Direct effects of reduction in pressure may in- 
clude inability to equalize pressures between the 
nasopharynx and sinuses or middle ear; expansion of gas 
pockets in the gastrointestinal tract; and expansion of 
trapped gas in the lungs. 

C-1.4.1.3 The presence of personnel within the 
cramped confines of the hypobaric chamber in close pro- 
ximity to grounded metallic structures on all sides creates 
a definite shock hazard if contact is made with a live elec- 
trical conductor or a defective piece of electrical equip- 
ment. Such contact also could be a source of ignition of 
flammable or combustible materials. (See Appendix 
C-1.2.4.) 

C-1.4.2 Medical hazards that are not ordinarily en- 
countered during use of hypobaric facilities, but that may 
arise during malfunction, fire, or other emergency condi- 
tions, include electric shock and fouling of the at- 
mosphere of the chamber with carbon dioxide, carbon 
monoxide pyrolysis products from overheated materials, 
or the toxic products of combustion from any fire. 

C-1.4.2.1 Increased concentrations of carbon dioxide 
within the chamber, as might result from malfunction of 
the systems responsible for monitoring or removal 
thereof, can be toxic under decreased pressures. 

C-1.4.2.2 The development of combustion products or 
gases evolved from heated substances, particularly 
organic materials, within the closed space of the 
hypobaric chamber can be extremely toxic to life because 
of the confining nature of the chamber and the increased 
hazards of breathing such products under reduced 
pressure. 

NOTE: Extreme pressure rises have accompanied catastrophic 
fires in confined atmospheres. These pressures have driven hot, 
toxic gases into the lungs of victims as well as exceeding the 
structural limits of the vessel. 

C-1.4.3 Physiological hazards include exposure to high 
noise levels and decompression sickness. Rapid release of 
pressurized gases may produce shock waves and loss of vis- 
ibility. 

C-1.4.3.1 During rapid changes in pressure, the noise 
level within the chamber becomes quite high. Such a level 
can be hazardous because it is distractive, interferes with 
communication and, if prolonged, may be injurious, pro- 
duce headaches, or cause other problems to susceptible 
individuals. 

C-1.4.3.2 Decompression sickness (bends) results from 
the formation of bubbles in the blood stream or ex- 
travascular tissues from the dissolved inert gas (mainly 
nitrogen). The bubbles may form when the chamber 
pressure is reduced below atmospheric. 

C-1.4.3.3 Decompression sickness can result if any per- 
sonnel are exposed to a hypobaric atmosphere without 
prior denitrogenation. (See Section 4-2.) 

NOTE: There is a potential for nitrogen in leakage in any 
closed oxygen system. 

C-1.4.3.4 The sudden release of gas, whether by rup- 
ture of a container, a medical gas or breathing air piping 
system, or operation of a device such as used in fire 
fighting, will produce noise, possibly shock waves, re- 
duced or obscured visibility, and temperature changes. 

C-2 Suggested Fire Response Procedures. 
The occurrence of a fire within a hypobaric chamber 

presents a different problem than in the case of hyper- 
baric chamber during pressurization. A depressurized 
hypobaric chamber can be repressurized within minutes 
without endangering personnel within the chamber, 
utilizing the emergency "dump" valve (see 3-2.5). 
Response may differ, however, if there is a fire in the vi- 
cinity of the chamber, and if products of combustion may 
be drawn into the chamber during rapid repressuriza- 
tion. Therefore, two distinct fire response procedures are 
required. 

All personnel shall memorize the steps to be taken in 
these or similar procedures. 

NOTE: This part of the appendix is included for guidance 
only in the drafting of fire response procedures appropriate to 
the specific facility. (See 4-1.4.4.) 

C-2.1 Fire in the Chamber. 
C-2.1.1 Response of Chamber Operator and Personnel 
Outside Chamber. 

(a) Notify chamber occupants that dump repressuriza- 
tion will be accomplished by shouting "Dump" over inter- 
com. 

(b) Operate dump valve. 

(c) Sound institutional fire alarm. 
(d) Notify fire department. 

(e) Open chamber access door and assist in removal of 
occupants. 
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(f) Ini t iate  fire fighting procedures as indicated and 
feasible. 

C-2.1.2 Response of C h a m b e r  Pe r sonne l .  

(a) Notify chamber  operator  of fire. 

(b) Don emergency brea th ing  appara tus  if feasible. 

(c) Be prepared for d u m p  procedure.  

(d) Ini t iate  fire fighting procedures if feasible (see 
3-6.1) and  evacuate chamber .  

C-2.2 F i re  i n  Vic in i ty  of C h a m b e r .  

C-2.2.1 Response of C h a m b e r  Opera to r  a n d  Pe r sonne l  
Outs ide  the C h a m b e r .  

(a) Sound the inst i tut ional  fire alarm. 

(b) Notify chamber  occupants  of the fire and request 
that they don  brea th ing  masks (see 3-4.2). 

(c) Chamber  operator  remains at chamber  controls 

and  directs others to init iate fire fighting procedures. 

(d) Notify fire depar tment .  

(e) Once the occupants  have indicated that all have 
donned  brea th ing  apparatus,  raise the chamber  pressure 
at a rate commensura te  with circumstances. 

NOTE: The emergency operation of the dump valve may draw 
dangerous products of combustion into the chamber. It may also 
serve to fan the flames and intensify the fire. 
(f) Assist chamber  occupants to leave the chamber .  

C-2.2.2 Response of C h a m b e r  Occupants .  

(a) Don brea th ing  appara tus  when apprised to do so. 

(b) Notify chamber  operator after all occupants have 
donned  brea th ing  apparatus.  

(c) Remain  calm and  prepare to leave chamber  after 
repressurization, 

C-3 Pressure  T a b l e .  (See table below.) 

Total Pressures, Altitude and Oxygen Partial 
Pressure or Concentration in Hypobaric Chambers 

Total Absolute 
Pressure 

(Atmosplaeres) (mmHg) (psia) 

Partial 
Pressure 

Altitude of Oxygen 
Above in Class D 

Sea Level Chamber 
(ft of air) (mmHg) 

Concentration of 
Oxygen in Class E 

Chamber if 
Partial Pressure 

is 160 m m H g  
(Percent by vol.) 

1 760 14.7 sea level 160 
4/5 608 11.7 6,000 128 
2/3 506 9.8 11,000 106 
3/5 456 8.8 13,500 96 
1/2 380 7.3 18,000 80 
2/5 -504 5.9 23,000 64 
1/3 253 4.9 27,500 52 
1/5 152 2.9 38,500 32 

20.9 
26.5* 
31.3* 
35.0* 
42.8* 
52.6* 
62.7* 

100.0" 

*Oxygen-enriched atmosphere. 
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