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PREFACE

1he University of ikfichigan Hyperbaric Chamber
attendant 's Handbook is intended to serve as a con-

venient guide for usc in operating a hyperbaric cham-
ber and in thc treatment of diving casualties. The in-
forrnation in this handbook is condensed for quick
rcfercncc. This handbook is patterned after the U.S.
Navy Recompression Chamber Operator's Handbook;
however, specific modifications have bccn made for
compatibility with The University of Michigan facili-
tics and civilian operational procedures, The primary
sources of information for this handbook are the U.5.
Navy 5!iving itfanuaf  N A VSHI PS 0994-001-9010j
and thc U.5. Navy Recompression Chamber Operator's
Handbook  NAVSHIPS 009-014-5010!; portions of
this handbook are quoted directly from thcsc publica-
tions to insure accuracy and proper procedure. Con-
sult these references for a complete discussion of this
subject,



SKCTIOH I: INTRODUCTIOH

The University of Michigan's hyperbaric chamber
facility is located in 1038 G,G, Brown Building on the
university's north campus. Thc primary functions of
the facility are to provide emergency rccomprcssion
treatment in support of university diving activities; sup-
port diver engineering and hyperbaric. research; and serve
as an educational aid in engineering, diving, and medical
courses, In addition, the hyperbaric chamber is frequently
used to treat casualties of commercial or sport diving

activities and University Medical Center patients suf-
fering from medical prob'lems such as gangrene, carbon
monoxide poisoning, and smoke inhalation. In the field,
the chamber is used for routine surface decompression,
diver evaluation, and diver training.

The present chamber was acquired by The Uni-
versity ol Michigan Sea Grant Program's Underwater
Operations Proiect with research funds granted by the
National Sea Grant Program, National Oceanic and
Atmospheric Administration, U.S. Department of
Commcrce. Continuing responsibility for operation
and rnaintcnancc of the chamber is being undertaken
by the Underwater Operations Project, The medical
staff is provided by the Pulmonary Division of The
University of Michigan Medical Center. Trained rnedi-
cal and technical personnel are on call 24 hours a day
for handling emergencies.

Since the function of the hyperbaric chamber fa-
cility involves erncrgcncy medical treatment, the facility
should be prepared for initiation of treatment on short
notice. Personnel trained and qualified to conduct re-
compression treatment must be made available at all
times. In order to maintain a sufficient number of
trained and qualified personnel for chamber operation,
thc Michigan Sea Grant Program's Underwater Opera-
tions Project sponsors several Hyperbaric Chamber
Attendant's Training Courses annually. Trainees re-
ceive instruction in special first-aid procedures, cham-
ber operation, reading decompression and treatment
tables, simulated treatment of diving accidents, handling
oxygen, chamber maintenance, chamber safety proce-
dures, and associated topics. The course staff includes
the university's hyperbaric physicians and trained cham-
ber operators.

The hyperbaric chamber must be maintained
ready I' or immediate use. After each usc, it must be
closely checked, cleaned, and reconditioned as neces-
sary. Pre-dive and post-dive maintenance procedures
are discussed in this handbook.

In conducting a recompression treatment, all
attending personnel must work as a team for the
benefit of thc patient, Outside attendants normally
control descent, operate the chamber, monitor the
time and depth, and maintain communications with
inside personnel. The physician may accompany
the patient or he may designate a medical technician
or chamber attendant to monitor the patient inside
the chamber. The overall treatment is coordinated by

the senior member of the team who is designated as
the chamber supervisor.

Effective recompression treatment requires that
every member of the team be thoroughly trained and
proficient in the performance of his duties, It is de-
sirable that all rnernbers of the non-medical team be

able to carry out all duties associated with the opera-
tion of the chamber.

PERSONNEL REQUIREMENTS

The number of people required to run the cham-
ber varies slightly according to its use. However, the
minimum team neressary to conduct any hyperbaric
chamber operation involving placement of personnel
under pressure consists of the following members:

Chamber Attendant No. 1 � responsible for opera-
tion of thc gas supplies, pressurization, ventila-
tion, and decompression; stationed outside;

Chamber Attendant No. 2 � responsible for keeping
individual and overall times on the operation,
maintaining a complete record, and communicating
with personnel inside the chamber;

Chamber Supervisor � completely in charge at the
scene of operation.

When the number of qualified personnel available
is limited, the Chamber Supervisor may assume the re-
sponsibilities of one of the attendants. In some cases,
the physician may also assume the role of Chamber
Supervisor. It is necessary, however, to emphasize that
at least two qualified individuals must bc in atten-
dance outside the chamber, and that one individual
must assume the responsibility of Chamber Supervisor
whenever personnel are under pressure in the chamber.

During treatment of diving accident victims and
other therapeutic applications, a physician familiar with



CHAMBER DESCRIPTION

GAS SUPPLY SYSTEM

hyperbaric medicine must bc in attendance either in-
side or outside the chamber. The physician, if sta-
tioned outside the chamber, may assume the responsi-
bilities of one of the designated chamber attendants or
the Chamber Supervisor, if he is so qualified and no
other personnel are available. In addition, patients
must be accompaniedinside the chamber by a physi-
cian, medical technician, or other individual designated
by the on-site physician.

When pressurizing personnel for research, training,
or demonstration purposes, it is desirable to use an
Inside Attendant who is familiar with the diagnosis
of diving-related sicknesses and monitors the charn-
ber occupants. At Navy facilities the Inside Tender
usually pressurizes and depressurizes the chamber
by using inside valving. However, a number of
civilian chambers, such as the university's, are not
equipped with inside valving, and the outside atten-
dant assumes this responsibility.

When pressurizing personnel for non-medical pur-
poses, a qualified physician must be "on-call" to pro-
vide medical assistance or consultation if required.

The Chamber Supervisor, a Diving Coordinator, or a
Diving Safety Committee may request the physician' s
presence at the chamber for specific activities.

The University of Michigan's 12.foot, cylindrical,
two-compartment chamber has an outside diameter of
54 in and can accommodate a patient and attendant or
up to five students in its 7.5 ft inner compartment
 Fig. I !. It is equipped with an oxygen breathing-
overboard discharge system, portable oxygen analyzer,
external lighting and USCG approved phones for corn-
rnunications. An outer compartment allows transfer
of personnel and medical supplies without affecting

the inner compartment's pressure. The chamber is con-
structed in accordance with appropriate ASME codes
for unfired prcssure vessels and is U.S. Coast Guard
certified. The chamber has a working pressure of
130 psi or 292.5 ft of sea water and is hydrostatically
tested to 1.5 times the working pressure. The 5000 lb
chamber is skid mounted and fitted with a control

panel cover, oxygen cylinder rack, and lifting pad-eyes
for portability.

A variety of charnbcrs are available for both civil.
ian and U.S. Navy use. Chambers will vary in size,
piping, working pressure, materials, accessories, and
air or gas supply systems, All chambers should be con-
structed to at least the rninimurn standards designated
in appropriate ASME codes. Those used on vessels or
installations falling under USCG jurisdiction must be
USCG approved, Chambers at U,S. Navy facilities are
constructed in accordance with specific military speciti-
cations and must be certified by appropriate U,S. Navy
and/or government agencies. For details on U.S. Navy
hyperbaric facilities consult U.S. Navy �970a, 1970b,
1972, 1973!.

In civilian hyperbaric chamber facilities there will
be considerable variation in chamber design, piping, and
gas supply systems. Consequently, each facility is re-
sponsible for preparing appropriate training and opera-
tional materials, This handbook will discuss the specif-
ic operation of the University of Michigan's two-com-
partment hyperbaric chamber. It may serve as a guide
for other facilities in preparation of similar handbooks.

Primar y air for pressurization and ventilation of
the chamber is provided by two high-capacity, low-
pressure electric air compressors �50 cfm, 100 psi
each! and emergency air is contained in a series of
high-pressure cylinders �8-300 cf cylinders!. When
the chamber is used in the field, it is supplied by a
high-capacity, low-pressure portable air compressor
and/or a high-capacity, high-pressure compressor, and
a series of high-pressure cylinders; adequate emergency
air is maintained in high-pressure cylinders, Medical
oxygen  USP! is supplied from a cylinder mounted in
a rack on the chamber, At least two, 220 cf cylinders
of medical oxygen are retained as a reserve supply.

TERMINOLOGY AND SYMBOLS

Terminology used in this handbook is based on
that commonly used by divers and chamber attendants.
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CHAIlNSER OPERATiONSECTiON Ii:

Pri<ir to every operation of thc ch;Ember, a prc-
dive check of thc faciliiy must be conducted. This pro-
cedure should take only a fcw minutes, provided that
the pcrs<innel are cxpcricnccd and thc chai»ber is pro-
perly nE.<i<Etaincd. Ihe patient and attendant enter thc
chamber,ind treatment is initiated only after the facili-
ty is checked, If personnel must cntcr or leave the charn-
I!cr during treatment, thc procedures discussed at thc
end »I this seel.ion should be followed.

PRE � DIVE CHECKLIST

Exhaust System

Units ol' i»c,isurc .irc gener,illy expressed in thc U.S.
CustOm,iry Sysle»1; internati»n,il  mCtriC! SyStem COn-
version I 1ct<!I s,ife given below. T hc following sym-
h»ls will hc used in this handbook.'

stand;ird cubic lect pcr minute

,ictual cubic fcct per minute

pounds pcr square inch
p<iunds pcr square inch, gauge
fccl sc;1 w.iler

Chamber

~ Clean
~ Free of all extraneous equipment

~ Free of noxious odors
~ Doors;ind seals undarnagcd, ~eals lubricated

Prcssure g,iugcs inspcctcd or calibrated within
I 2 months  chcck inspection tag or label!

~ Power on

Air Supply System  Fig, 2, 3, 4!
~ Primary air supply operational  scc Appendix B!
~ Secondary air supply operational and regulator

sct at 200 psi
~ Secondary air supply adequate for one pres-

surization and one hour of ventilation at maxi-
rnum required rate

~ Filter by-pass valve � closed

The conversion of commonly used U.S. units to inter-
national  rnctric! units is as follows:

The conversion of commonly used U,S, units to other
U.S. units is as I<ill<!ws:

Thc term "standard cubic feet" refer~ to the nurnbcr of
cubic feet of gas measured at a pressure of one atmos-
phere and tcmpcraturc nf 0 F'. "Actual cubic feet" re-
fers to the nurnbcr of cubic feet measured at chainber

Primary air systcrn supply valve -open
~ Bleed moisture separator on filter system

Prir»ary charnbcr supply valve open
~ Inner and outer compartment supply

valves closed
~ Equalization valve � closed  if so equipped;

not on UofM chamber!
~ Inside emergency chamber exhaust valve closed

Outside emergency chamber exhaust valve open
~ Fittings clean
~ Filter clean  chcck chamber log!

A piping schematic of a typical U,S. Navy chamber air
supply exhaust system is shown in Figure 5 for com-
parison.

e Terminates clear of chamber

~ Mufflers attached

~ Exhaust valves-closed

Oxygen Supply System  Fig. 6!
~ Cylinder full; marked as breathing or medical

oxygen  USP!; cylinder valve--open ~
~ Replacement cylinder on hand
~ Oxygen masks  or inhalators! installed and

functioning
~ Regulator set at 75 psig
~ Fittings tight



Figure 2 Piping schematic of University of Michigan chamber air
supply and exhaust system.

�! Primary air supply valve, �! Filter by-pass valve,
�! Filter, �! Filter bleeder valve, �! Chamber
master air supply valve, �! Outer compartment air
supply valve, �! Inner compartment air supply valve,
 8! Outer compartment exhaust valve,  9! Inner compart-
ment exhause valve, �0! Outside emergency exhaust
valve, �1! Inside emergency exhaust valve, �2! Inner
compartment,  ! 3! Outer compartment, �4! Exhaust
pipe and muffler, �5! Emergency air supply valve.

Figure 3 Control panel of University of Michigan chamber.

 I ! Chamber master air supply valve, �! Inner compart-
ment air supply valve, �! Outer compartment air supply
valve, �! Inner compartment exhaust valve, �! Outer
compartment exhaust valve, �! Inner compartment
oxygen supply valve, �! Outer compartment oxygen
supply valve,  8! Inner compartment pressure gauge,
 9! Outer compartment pressure gauge, �0! Sound-
powered telephone, �1! Light switch.



Alr ln At
350 PSI

Outer Lock  OL! Inner luck  ILj

Figure 4 Air Supply � Filter Unit.

�! Primary air supply valve, �! Filter by-pass
valve, �! Filter, �! Filter bleeder valve,
�! Fitting for connection of portable emergency
air supply.

Figure 5 U.S. Navy chamber piping schematic. Air supply
and exhaust system,

�! Two-valve air supply, outside valve  OL!, �! One-
valve air supply  OL!, �! Two-valve air supply, outside
valve  IL!, �! One-valve air supply  IL!, �! Two-valvr
air supply, inside valve  OL!, �! Two-valve air supply,
inside valve  IL!, �! Inner/outer lock equalization
valve,  8! Two-valve exhaust, outside valve  OL!,
 9! One-valve exhaust  OL!, �0! One-valve exhaust
 IL!, �1! Two-valve exhaust, outside valve  IL!,
�2! Two-valve exhaust, inner valve  OL!, �3! Two-
valve exhaust, inner valve  I L!,  U.S. Navy, 1 973!



Figure 6 Piping schematic of University of Michigan
Chamber's oxygen supply and exhaust system,

�! "Breathing Oxygen" high pressure cylinders,
�! Oxygen cylinder valve, �! Oxygen regulator,
�! High pressure oxygen gauge, �! Low pressure
oxygen gauge, �! Inner compartment outside
oxygen supply valve, �! Outer compartment
outside oxygen supply valve,  8! Oxygen rnani-
fold valves, inner compartment,  9! Oxygen
manifold valve, outer compartment, �0! Oxygen
exhaust valve manifold, �1! Oxygen exhaust
outside valve, �2! Oxygen exhaust.

Figure 7 U,S. Navy chamber piping schematic:
Oxygen and he iumwxygen supply systein.

�! "Breathing Oxygen" highpressure cylinders,
�! Oxygen cylinder valve, �! Cylinder location
valve, �! Oxygen regulator �5 psig!, �! Oxygen
manifold valves  inner lock!, �! Oxygen manifold
valves  outer lock!, �! 80SS heliu~ � 20SS oxygen
high-pressure cylinders,  8! He � O~ cylinder vaive,
 9! He � 02 regulator �5 psig!, � !! He � 02 mani-
fold valves  inner lock!,  l1! He � 02 manifold
valves  outer lock!, �2! Oxygen supply gauge,
�3! He � 02 supply gauge  LI.S. Navy, 1973!.

2 FlGUAK T



~ Oxygen manifold valves closed
Overboard discharge valves closed

A piping schematic of a typical U.S, Navy ch,imbcr
oxygen and oxygen-helium supply system is shown
in I igurc 7 lor comparison.

Electrical System

~ Power to chamber-~n

~ Lights operational

Communications Systems

~ All phones operational

Fire Prevention System

~ Proper extinguisher or sand and water container
in chamber

~ Fire-resistant mattress and blankets in chamber

~ Minimum amount ol combustible rnatcrial in

chamber; preferably enclosed in metal container
~ Fire-resistant clothing worn hy all charnbcr

occu pants  if possible!
~ Nu visible signs of oil in chamber

Miscellaneous � Inside Chamber

Primary mcdiral it
~ Addi t ion a I medical equi p ment a nd supplies a s

required by physician
~ Ear protectors for noise
~ Oxygen analyzer  when oxygen is to hc used;

if initial depth cxcccds 66 fsw, the analyzer
should bc locked in at depth oxygen is to be
used

~ Emergency light  chcck battcrics!

TENDING TNE PATIENT

When conducting a recompression lrcatment, the
inside attendant will generally be a physician, medical
technician, or other person familiar with advanced first
aid and diving accidents. The inside attendant must
be familiar with all trcatmcnt procedures and signs,
symptoms, and treatment of all diving-related
sicknesses.

Thc inside attendant insures that the patient

is lying down in a position which permits free blood
circulation to all his extremities. He will close the

chamber door and signal the outside attendant to be-
gin pressurization at the normal rate:

Decompression SicAness � pain only  Type I! or serious
symptons  Type ll!--25 fpm

Gas f= mbolism as fast as possible.

The inside attendant will monitor the patient' s
condition during the descent. It may be necessary for
him to request that the rate be decreased to allow the
patient to equalize. If the patient is not a trained
diver, it will be necessary to instruct him in equaliza-
tion methods prior to pressurization. If the patient
is unconscious or unable to equalize, the physician
may elect to perform a myringotomy  perforate the
eardrums! prior to or during pressurization. In order
to simplify communication procedures, the inside and
outside attendants generally agree on basic hand
signals, Normally, if the inside attendant holds up
a clinched fist, hc is requesting the outside attendant
to stop pressurization in order to allow the occupant's
ears to equalize. The standard diver's "OK" hand
signal means resume pressurization. The outside
attendant will adjust the rate of pressurization in
accordance with the degree of difficulty experienced
by the occupants.

Miscellaneous � Outside Chamber

~ Stop watches
� Cumulative time

� Ircatmcnt time

Decompression time pcrsonncl leaving
chamber

� Spare

~ Treatment tables

~ Decompression tables
Record book or sheets

~ Additional medical supplies
~ Appropriate containers for body waste- may hc

locked in as needed

~ I'aper and pencils
~ Emcrgcncy room lighting
~ Display "NO SMOKING OXYGEN IN USE"

sign un chamber room door and on thc chamber.

During thc phases of treatment, the inside atten-
dant must constantly watch for signs of relief of the
patient's symptoms Drugs which will mask the signs
of thc patient's sickness should be avoided. Observa-
tion of these signs is the principal method of diag-
nosing the patient's sickness and the depth and time
of their relief designates the treatment table to be
used. All observations should be reported to and re-
corded by the outside attendant. The finai recom-
mendation as to Mich treatment table should be used
must be made by the attendiny physician. Once the
treatment has been prescri bed, it may be altered only
by the attending physician.

During decompression of the patient, the inside
attendant may breathe oxygen beginning at the 40 ft
stop. If Table 5, SA, 6, or 6A is used, the attendant



normally brcathcs air throughout the treatment, If
the treatment involves a repetitive dive for thc at-
tendant or if Table 6 or 6A are lengthened during
treatment, the attendant must breathe oxygen during
thc last 30 min of treatment,

Other responsibilities of the inside attendant
include.

~ Communication with outside personnc I
~ Observing the patient for signs of oxygen

toxicity

~ Providing first aid as required by the patient
~ Providing normal assistance to the chamber

as required
~ Administering oxygen
~ Maintaining a clean chamber
~ Transferring body waste as required

PATIENT EXAMINATION

Normally the patient will be examined in the
hospital or outside the chamber by the attending
physician prior to pressurization. When the sickness
is in question, or when serious symptoms or signs
of gas embolisrn are present, treatment may be
started immediately, The patient, in this situation,
is examined inside the chamber. The minimum exami-

nation includes:

1. A discussion with the patient to determine the
cause of the accident, how hc feels, and his general

psychological responses.
2, Testing the patienth

~ eyesight
~ hearing

~ reflexes
~ muscular coordination

~ strength

~ balance

~ pulse rate
~ blood pressure
~ respiration rate

TENDING THE CHAMBER

The outside attendants are responsible for:

~ Maintaining and controlling the air supply to the
chamber

~ Maintaining the oxygen supply to the chamber
~ Keeping times on all phases of the treatment

 descent, stops, ascent, overall treatment!
~ Keeping a complete record of the treatment
~ Communicating with inside personnel
~ Pressurizing and decompressing personnel

entering and leaving the chamber during
treatment

~ Pressurizing and depressurizing the chamber
~ Ventilating the chamber
~ Monitoring thc oxygen Icvcl in the chamber
~ Monitoring the amount of remaining oxygen
~ Monitoring continually the chamber gauges and

decornprcssion stops

~ Operating the medical lock  if available!

Regulator Settings

When the primary air supply is high-pressure air
from storage cylinders, a high-flow capacity regulator
is used to reduce the air from cylinder pressure to
chamber prcssure. I'he air supply regulator should be
set to maintain a minimum supply pressure of 50 psig
over the maximum chamber pressure. A setting of
350 psig is considered ideal for air supplied from
high prcssure air cylinders, Regulator settings for
the oxygen supplies are dependent on the inhala-
tors installed in the chamber. Most inhalators should

be supplied with gas between 75 and 100 psig over
the chamber pressure. If the patient is experiencing
difficulty breathing, the pressure may be adjusted
upon the request of the inside attendant.

Chamber Ventilation

Ventilation of the chamber with fresh air is

necessary to maintain safe levels of carbon dioxide
and oxygen inside the chamber, The rates at which
air must be circulated through the chamber depend
on the number of personnel inside the chamber, their
level of activity, and the gas which they are breathing,
The size of the chamber does not influence the amount

of air required for ventilation. Note that increasing
depth increases the actual mass of air required for
chamber ventilation; however, when the amount of
air is expressed in volumes as measured at chamber
pressure, increasing pressure does not change the
number of cubir, feet required. The following rules
apply  all volumes are. expressed in cfm as measured
at chamber pressure!:

1, When breathing air or helium-oxygen in the
chamber

a. 2 cfm for each person at rest

b. 4 cfm for each person not at rest

2. When breathing oxygen by mask in the chamber
 no overboard discharge system!

a. 12.5 cfm for each person at rest
b, 25.0 cfm for each person not at rest

c. No additional ventilation for each man not

breathing oxygen

3. When breathing oxygen by mask in a chamber
with an overboard discharge system installed use
ventilation rates for air breathing.



4. When breathing oxygen by mask in,> chamber
wilh oxygen monitoring cquipmcnt availahlc,
vcntilatc as rcquircd to maintain oxygen con-
centrations in thc charnhcr below 25 percent.

5. When venlil,ltion is inlcrruptcd

a. Not lo exceed 5 tninulcs during any 30
nil tltllc pcrIod

li. When resumed, twice thc rcquircd cfm for
twice the period of interruption, then rc-

sumc normal rate.

I bc ventilation rcquircrncnts for normal chamber
operations arc as follows  assuming one sedate patient
and onc aclivc allcndanl!:

VENTILATION RATE

 ACFM!  SCFM!
CHAMBf R DEPTH

 I-SW!

When decompressing from 60 to 30 I=SW and 30 to
0 I S'tV on Table 5, 6, SA, or 6A, usc thc approximate
rate for the nearest depth given on the above table.

Constant ventilation is by far the most effective
method of ventilation in terms of the amount of air re-

quired for ventilation. However, it has the disadvantage
of exposing the chamber occupants to a constant source

of noise. At thc high ventilation rates required for
oxygen breathing, this noise can roach thc ranges where
hearing damage may become a real hazard for thc cham-
ber occupants. Most chambers are equipped with
baffle systems or muff lers to reduce the noise to a
rninirnum. If high noise levels do occur, especially
during exceptionally high ventilation rates, the occu-
pants of the chamber should be required to wear ear
protectors. In some model ear protectors it may be
necessary to drill a small hole in the central cavity to
prevent scaling around the ear which could cause an
ear squeeze.
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As an alternative lo constant ventilation proce-
dures recommended by the U,S, Navy, civilian and
commercial divers or chamber attendants frcqucntly

use a very high ventilation rate for one or two minutes
out of every  ive minutes. The length of ventilation
lime pcr five minute. period will depend on the capa-
city ol thc air supply systcrn, thc gas heing breathed
in thc chamber, and thc activilv level of ihe occupants.
Most individuals find the periodic ventilation scheme
desirable over constant. ventilation from a standpoint
of comfort. It should, however, be used with discre-

tion and an oxygen monitoring device is highly recom-
mended to insure that oxygen concentrations do not

exceed 25 percent.

The above rules for chamber ventilation are not

intcndcd lo limit ventilation. If air is reasonably plen-
tiful, morc air than specified should generally be used
lo insure lower concentrations of carbon dioxide and

oxygen. There is seldom any danger of having too
little oxygen in the chamber. Even with no ventilation
and a high carbon dioxide level, the oxygen present
will be adequate for a long time. Thc rules given also
assume that air circulation in the chamber is reasonably

good during ventilation. Having the inlet near one end
and the outlet near the other cnd helps promote good
vent ila lion.

The quantity of air vcntilatcd through the cham-
ber is controlled by regulating the precalibrated ex-
haust valve outside the chamber  see APPENDIX C
for calibration procedure! or by a flow meter. Once
the air supply rate is established, the air supply valve
is regulated to maintain a constant chamber prcssure.

Entering and Leaving the Chamber During Treatment

During extensive treatments, medical personnel
may prefer to periodically lock into the chamber to
examine the patient or administer medication and then
come back out, rather than remain inside throughout
the treatment. Also, inside attendants may fatigue
and need relief, This procedure is only possible with
two compartment chambers.

In operation the outer compartment of a lwo-
cornpartment chamber is kept at atmospheric pres-
sure while the patient and attendant are inside the
inner compartment. Personnel entering the chamber
go into the outer lock and securely close the door.
The outer compartment is then pressurized at. a
rate controlled by the occupant's ability to equalize,
but not to exceed 75 fpm, The outside attendant
must record the time that pressurization begins in
order to determine the decompression schedule for
these personnel when they are ready to leave the
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chamber. When the pressure in the outer and inner
compartments is equal, the inside door will open.

To leave the chamber, the personnel again enter
the outcr lock and the inside attendant closes and
secures the door. When they are ready to start the
ascent, one outside attendant records the time and
consults the U,S. Navy Standard Air Decompression
Tables. The other outside attendant then begins to
slowly dcpressurize the outer compartment. Constant
observation or communication is maintained with the
inside attendant to insure that a seal has been made on
the inner door. The outside attendant may also deter-
mine if the inner door is sealing properly by sirnulta-
nenusly monitoring the depth gauges of both compart-
ments, If the inner compartment gauge starts to
drop, then the door isn't sealed and deprcssurization
must be stopped. Outer lock pressure is controlled
through decompression by the outside attendant.

Some chambers are also equipped with a small
medical lock or compartment for the purpose of
transferring medical supplies, I'ood, liquids, and
waste into and out of the pressurized chamber. In
srn il! chambers such as the university's, the outer
compartment may be used for this purpose,

The medical compartment generally consists of
a cylindrical pressure shell with doors hinged on either
end. Two valves penetrate the lock which permits it to
be equalized with either chamber pressure or atmo-
spheric pressure.

To load the medical compartment the outside
attendant requests that the inside attendant close the
inside valve and open the outside valve to insure that
the coinpartrnent is depressuri ed. Then he opens
the outside door, places the material in the cornpart-
rnent and closes and bolts the door. The inner door,
at this time, is sealed shut by the internal pressure of
the chamber. The outside attendant then closes the
outside valve and informs the inside attendant that
the compartment is ready for pressurization. The
inside attendant releases the inner door latch and
opens the inside valve which allows pressurization
of the cornpartrnent with chamber air. Under normal
conditions the compartment should be pressurized
slowly  approximately 25 fprn to minimize the
latent heat buildup and loss due to the heat of
compression and expansion.

When the compartment pressure equals the cham-
ber pressure, the inside door will unseal and can be
opened. To pass materials out of the chamber, the
procedure is reversed.

POST-DIVE MAINTENANCE CHECKLIST

~ Clean inside with vegetable base soap and warm
fresh water and wipe dry

~ Remove all but necessary support items from
chamber

~ Clean and lubricate door seals and seats
~ Check vie wpor ts for damage; replace as necessary
~ Open exhaust valves and secure exhaust systems
~ Air out chamber

~ Close outer door

~ Close all air supply lines to chamber
~ Shut down primary air compressors and refuel

 if required!
~ Inspect primary air system and report repair or

maintenance requirements to proper authorities
~ Deactivate regulators and bleed air from lines of

high-prcssure systems  as required!
Record filter time in appropriate book

~ Change filter materials, if necessary
~ Recharge high-pressure cylinders and record pres-

sure of air in bank

~ Close cylinder valves
~ Bleed lines and deactivate regulator
~ Replace empty oxygen cylinders, as required, with

"BREATHING OXYGEN"

~ Insure that spare full oxygen cylinders are available
~ Remove oxygen inhalators from the chamber
~ Wash and disinfect oxygen masks
~ Close oxygen supply and overboard discharge

valves

Electrical and Communications System

~ Power to chamber � off

~ Secure phones
~ Check for damage to wiring, pressure-proof light

housing etc.
~ Replace light bulbs as necessary

+ Secure fire extinguishing equipment
~ Clean and dry blankets, mattresses and clothing
~ Encase all flammable materials in chamber in

fire resistant conl.ainer

~ Initiate repairs or replacement as required
~ Stow ear protectors



SECTION III: RECOMPRESSION TREATMENT

Treatment: See Figure 8

~ Rcplcnish consumablcs
' ~ Restock and stow medical kit

' ~ Stow oxygen analyzer
~ Allow stop watches to run down and stow
~ Enter records in appropriate books or files;

stow record books
~ Stow decompression and treatment tables
~ Clean and stow containers for body waste

~ Replace batteries in portable crnergcncy light
~ Replenish paper and pencil supply at control desk.

SAFETY PRECAUTIONS FOR CHAMBER OPERATION

1. TJhe all precautions against lire,
2. Provide fire extinguishing equipmcnt or materials

inside thc chamber.
3. Llsc fire retardant and nonstatic materials in the

chamhcr when possible
Ventilate thc chamber according to specified
rates and gas mixtures.

5. Remain alert for the symptoms and signs of
oxygen toxicity:
' Vision abnormality Isuch as "tunnel vision"!
~ Hearing ab norma I i ty

This section provides information useful in
diagnosing and treating decompression sickness, gas
embolism, and other emergency medical problems.
Thc first step of any treatment involves diagnosing the
sicl'ness. Signs and symptoms relative to each sickness
are listed, followed by the action which must be im-
mediately tal en once the sickness is confirmed. A
flow chart is given to provide a systematic method of
treating each sickness. Once the treatment table
 Tables 1 � 6! has been established, treatment is nor-
rnally concluded by carrying out the decompression
procedures sperificd in that table. If complications
develop during or after treatment, the procedures
given at the cnd of this section will apply. Oiagnosis
and prescription of treatme~t are the responsibility
af the attending physi ci an s!, Experienced chamber
attendants are generally very familiar with the diving
sicknesses and may be called on to offer comment or
advice. The attendant should not, however, assume
the responsi biii ty of prescribing treatment without
approval and direction of a gualified physician,

DECOMPRESSION SICKNESS  Pain Only!

Diagnosis  Probable occurrence within 6 hours
following dive!

' Nausea

~ Twitching  usually in lips or other facial
muscles, but may affect any muscle; the most
lrcqucnt and clcarest sign of oxygen toxicity!

' Irritability  or behavior changes!
~ Dizziness

' Convulsions

6. Assure proper decompression of all personnel
leaving thc chamber before treatment is completed

7. Insure that the chamber and its auxiliary equipment
are in operational condition at all times.

8. Insure that all personnel are trained in the opera-
tion of the equipment and are available to do any
job required in treatment.

9. Prepare thc chamber for immediate reuse fol-
lowing a treatment.

10. Do not use oil on any oxygen fitting or piece
*f chamber equipment,

11. Maintain all gas supply cylinder~ full.
12. Avoid damage to the doors and seals.
13. Never allow open flame, matches, cigarette

lighters, or pipes to be carried into the chamber.
14. Prohibit the usc of electrical appliances in the

chamber unless the unit is specially designed for
use in hyperbaric oxygen environments.

Symptoms: I ocal pain, usually in joints of arms
or legs; itching.

Signs: Diver complaining of joint pain, Pain not
promoted by touch or vigorous rubbing.
Blotchy skin rash.

Immediate Action:
1, Stop massive bleeding if present
2. Examine patient
3. Enter chamber, begin pressurization at 25 fpm.

DECOMPRESSION SICKNESS  Serious Symptoms!

Diagnosis  Probable occurrence within 6 hours
following dive!

Symptoms; Dizziness; defective vision; paralysi~;
shortness ofbreath; extreme fatigue; extreme
pain; abdominal pain; ringing in ears.

Signs: Diver staggering; paralyzed extremities;
rapid breathing; choking; diver complaining of
extreme pain; doubled over with pain; collapse
or unconsciousness.



TABLE 1A. AlR TREATMENT



TABLE 2A. Atk TREATMENT
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TABLE 3. AIR TREATMENT

Depth
 feet!

Breathing
MediaTime

30 min

l 2 lTIIn

0:30165 Air

140 Air 0:43

0:56Air12 min

12 rnln

120

1:09100 Air

1:22Airl 2 rnln

30 min

80

1:53Oxygen
 or Air!

60

2:2430 min Oxygen
 or Air!

50

30 min 2:55Oxygen
 or Air!

40

Air 14:5612 hr30

16:572 hr Air20

18:58Air2 hr10

18:591 min Air

Use � treatment of serious symptoms when oxygen cannot be used and

symptoms are relieved within 30 min at 165 ft.

2. Descent rate � 25 fpm,

3. Ascent rate � 1 min between stops,

4. Time at 165 ft � includes time from surface.

Total
Elapsed Time

 hrs:min!



TABLE 4. Al R TREATMENT

Breathing
MediaTimeDepth

165 Air 1:30

i/i hr 2:01140 Air

~/z hr120 Air 2:32

'/i hr100 Air 3:03

i/i hr80 Air 3:34

6 hr60 Air 9:35

6 hr Air 15:3650

6 hr40 Air 21: 37

30 AirIl hr 32:38

30 1 hr 33:38Oxygen
 or Air!

Air1 hr20 34:39

1 hr 35:3920 Oxygen
 or Air!

Air 36:401 hr10

37:401 hr Oxygen
 or Air!

10

37:411 min Oxygen

l. Use � treatment of serious symptoms or gas embolisrn when oxygen cannot
be used and when symptoms are not relieved within 30 min at 165 ft.

15

2, Descent rate � 25 fpm,

3, Ascent rate � 1 min between stops.

4. Time at 165 ft � includes time from the surface.

Total
Elapsed Time

 hrs: min!



TABLES. OXYGEN TREATMENT

20Oxygen2060

60 Air 25

20 45

60 to 30 7530

Air30 80

10030 Oxygen20

Air 10530

f35Oxygen3030 to 0

1. Use � treatment of pain-only decompression sickness when oxygen can be
used and symptoms are relieved within IO min at 60 ft.

2, Descent rate � 25 f pm.

3. Ascent rate � 1 frnp, Do not compensate for slower ascent rates, Compensate
for faster rates by halting the ascent.

4, Time at 60 ft � begins on arrival at 60 ft.

5. If oxygen breathing must be interrupted, allow 15 min after the reaction has
entirely subsided and resume schedule at point of interruption.

6. If oxygen breathing must be interrupted at 60 ft, switch to TABLE 6 upon
arrival at 30 ft stop.

7. Tender breathes air throughout. If treatment is a repetitive dive for the tender
or the table is lengthened, the tender should breathe oxygen during the
last 30 min of ascent to the surface.

Does not include descent time.
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Depth
 feet!

Time

 minutes!
Breathing

Media

Oxygen

Oxygen

Total

Elapsed Time
 minutes!



TABLE 5A, OXYGEN TREATMENT

15* 15Air165

Air 19165 to 60

20 Oxygen 2960

44Air60

642060

943060 to 30

99Air30

11920 Oxygen30

124Air30

15430 Oxygen30 to 0

1. Use � treatment of gas embolism when oxygen can be used and symptoms are
relieved within 15 min at 165 ft.

2. Descent rate � as fast as possible.

3. Ascent rate � 1 fpm. Do not compensate for slower ascent rates. Compensate
for faster ascent rates by halting the ascent.

4. Time at 165 ft � includes time from the surface.

5. If oxygen breathing must be interrupted, allow 15 min after the reaction has
entirely subsided and resume schedule at point of interruption.

6. Tender breathes air throughout. If treatment is a repetitive dive for the tender
or the table is lengthened, the tender should breathe oxygen during the
last 30 min of ascent to the surface,

Includes descent time.
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Depth
 feet!

Time

 minutes!
Breathing

Media

Oxygen

Oxygen

Total
Elapsed Time

 minutes!



TABLE 6. OXYGEN TREATMENT

2060 20Oxygen

60 Air

452060 Oxygen

60 Air 50

60 70Oxygen20

60 Air 75

60 to 30 30 Oxygen 105

Air 1201530

60 180Oxygen

15 Air 195

6030 255

2853030 to 0

Use � treatment of decompression sickness when oxygen can be used and
syrnptorns are not relieved within 10 min at 60 ft. Patient breathes
oxygen from the surface,

2. Descent rate � 25 f pm

3. Ascent rate � 1 fprn. Do not compensate for slower ascent rates. Compensate
for faster rates by halting the ascent,

4. Time at 60 ft � begins on arrival at 60 ft.

5. If oxygen breathing must be interrupted, allow 15 min after the reaction has
entirely subsided and resume schedule at point of interruption,

6, Tender breathes air throughout. If treatment is a repetitive dive for the tender
or the table is lengthened, the tender should breathe oxygen during the
last 30 min of ascent to the surface.

Does not include descent time.
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Depth
 feet!

Time

 minutes!
Breathing

Media

Oxygen

Oxygen

Total

Elapsed Time
 minutes!



TABLE 6A. OXYGEN TREATMENT

30 Air165
30

Air165 to 60
54Oxygen2060
59Air60

79Oxygen2060

84Air60
104Oxygen2060
109Air60
139Oxygen3060 to 30
15415 Air30
214Oxygen6030
229Air1530
289Oxygen6030
3 I9Oxygen3030 to 0

1. Use � treatment of gas embolism when oxygen can be used and symptoms
moderate to a major extent within 30 min at 165 ft.

2. Descent rate � as fast as possible.

3. Ascent rate � 1 fpm. Do not compensate for slower ascent rates, Compensate
for faster ascent rates by halting the ascent.

4, Time at 165 ft � includes time from the surface.

5. If oxygen breathing must be interrupted, allow 15 min after the reaction has
entirely subsided and resume schedule at point of interruption.

6. Tender breathes air throughout. If treatment is a repetitive dive for the tender
or the table is lengthened, the tender should breathe oxygen during the
last 30 min of ascent to the surface.

'Includes descent time.
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Depth

 feet!

Time

 minutes!

Breathing

Media

Total
Elapsed Time

 minutes!
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Immediate Action:

1. Restore breathing using mouth-to-mouth re-
suscitation, bag, or mechanical resuscitator,

2. Stop massive bleeding if prcscnt,
3. Begin pressurization at 25 fpm,
4. F xa mine patient,

Treatment: Scc Figurc 8

GAS EMBOLISM

Diagnosis  Probablc occurrence within minutes
following dive!

Symptoms: Fatigue; dizziness; blurred vision;
paralysis or weakness of extremities, chest
discomfort or pain; progressively worsening

Signs: Diver confused, staggering, having dif-
ficulty seeing>; paralyzed or wcakencd cx-
trcmitics; blueness; chest pain, rapid shallow
breathing, unequal expansion of chest wall
 pneumothorax!
13lucncss of skin, lips, or fingernails; difficulty
breathing; shock  mediastinal emphysema!;
Swelling of neck; crackling sensation when skin
moved, change in voice, difficulty breathing
 subcutaneous crnphyscma!;
Collapse or unconsciousness

Immediate Action:

I. Restore breathing using mouth-to-mouth re-
suscitation, bag, or mechanical resuscitator.

2, Stop massive bleeding if present.
3. Treatment of pncurnothorax by physician  if

diagnosis indicates!.
4. Pressurize patient to 165 ft as fast as possible.
5. Examine paticnl.

Treatment: Scc Figurc 9

COMPLICATIONS

There are thrcc major complications which may
affect the recomprcssion treatment of a patient.

Worsening of thc patient's condition during treat-
ment  scc below!.

2. Recurrcncc of the patient's original symptoms or
development of new symptoms during treatment  see
Figurc 10!.

3, Recurrence of thc patient's original symptoms or
development of new symptoms following treatment
 sce Figurc 11!.

Patient 's Condition Worsening

Stop the ascent.
~ Consider the use of 80/o helium � 20/o oxygen if

patient is experiencing diff'iculty breathing.

~ Examine for pneumothorax or tehsion pneumo-

thorax.
~ Treat as a rccurrcnce during treatment,

GENERAL NOTES ON TREATMENT OF GAS
EMBOLISM AND DECOMPRESSION SICKNESS

1. If a patient's condition is not considered fully
satisfactory at the conclusion of the normal period at
60 ft  Table 6!, or if an additional safeguard is de-
sired for any reason, give an additional cycle of treat-
ment �0 min oxygen, 5 min air! at 60 ft. Observe
for evidence ol oxygen toxicity.

2. The period at 30 ft may also be extended by one
cycle �5 min air, 60 min oxygen!.

3. The use of Table 4 has long been regarded as the
"trcatmcnt of last resort." In general, oxygen treatment
tables have a far better success rate than air treatment
tables. Some authorities avoid Table 4 entirely when
oxygen can be given and, in any case, limit periods
on air at 165 ft to 30 min or less. As stated above,
Table 6 oxygen treatment can be extended. It can
also be repeated. Adjunctive medical treatment should
be considered when the response to recornpression and
oxygen is not prompt and adequate.

4. A fundamental rule is not to continue ascent if
a patient's condition has worsened. This situation is
handled as a recurrence during treatment, Details for
dealing with recurrence are given in this handbook and
thc U.S. Navy Diving Manual.

5. The possibility of late recurrence dictates that
the patient be retained al or near the chamber for at
least 6 hr and in the vicinity for at least 24 hr.

 i. Patients who require recornprcssion treatment
may also require first aid or other medical or surgical
procedures. In most instances, both may be accom-
plished or the priorities are clear. Adequate fluid
Intake is important.

Decompression shock is an obvious medical
problem. Maintenance of normal blood volume by
usual methods is clearly indicated. Low molecular
weight dextran  Dextran 40, Rheomacrodex! is use-
ful to combat hematologic changes especially in
patients with severe or persistent symptoms.  The
usual maximum is onc liter/day for 5 days.!

Steriods are considered a useful adjunct by some,

emphatically so in suspected spinal cord edema. A
suggested dose is Decadron, 10 mg I.V., followed by
4 rng I,M. every 6 hr. Tapering is not required for
use not longer than 72 hours. The possibility of
lowering 02 tolerance suggests withholding steroids
until the 30 ft stage of Table 6.
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Figure 9 Flow Chart for Treatmerit of Gas Embolism
 U.S. Navy 1973!
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Figure 10 Flow Chart for Recurring Symptoms During
Treatment  U,S. Navy, 1973!.
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Figure 11 Flow Chart for Recurring Symptoms
Following Treatment  U.S. Navy, l 973!
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The usc of heparin is considered controversial.
lt has been advocated in shock and to combat hemato-

logic changes.

Scdatives and narcotics may obscure the sympto-
matology and entail risk of respiratory insufficiency.
They should bc avoided or given in minimal effective
dosage. Aspirin can be given in usual amounts and is
administered routinely by some authorities.

Routine precautions in handling medication at
prcssure include opening ampules and needling thc
stopper of vials and I.V. bottles before compression.
An inadequately vented I.V, bottle may, for example,
implode on descent or explode during ascent.

Thc above notes are based on comments given
by E, H. Lanphier, M.D., in The blew Science of Skin
and Scuba Diving, Association Press, 1974 and the
13th edition of The IHerck /Hanual.

CARBON MONOXIDE POISONING

Hyperbaric oxygen is used to eliminate carbon
monoxide from the blood. In addition, sufficient
oxygen is physically dissolved in the plasma during
hyperbaric treatment to supply the body's metabolic
needs until elimination is complete,

Diagnosis:

Signs and Symptoms: Headache, nausea, vomiting,
dizziness, rapid heart beat, irregular heart beat,
cherry-red skin color, visual changes, drowsiness,
confusion, lack of coordination, coma, death.

Treatment: Pressurize patient to 3 ata �6 fsw! until
carbon monoxide in the blood is reduced to a safe
level, usually one hour. Oxygen is administered
in 20 min intervals with S min of air breathing
between oxygen breathing periods,

SMOKE INHALATION

The vast majority of smoke inhalation patients
suffer from carbon monoxide poisoning and should be
treated for carbon monoxide poisoning until proven
otherwise.

CYANIDE POISONING

Certain cyanide intoxications are not immediately
and dramatically fatal. Cyanide poisons the blood and
causes tissue hypoxia, Chemical treatment will even-
tually rid the biood of cyanide, however, hyperbaric
oxygen is necessary to sustain the patient through the
critical period.

Treatment: Pressurization must be initiated immedi-
ately. The chamber is pressurized to 3 ata �6 fsw!.
The appropriate medications are administered. The
patient is placed on oxygen; the pressure is slowly
reduced to 33 fsw, and subsequent decompression
is determined by the patient's clinical condition and
the chamber attendant's standard air decompression
requirement.

GAS GANGRENE

Human tissues that have compromised blood
circulation are prone to develop a gas forming infec-
tion called gas gangrene. Formerly, surgical removal
of the tissue was thc definitive form of therapy. While
this is still true, it is now generally recognized that in
cases of severe gas gangrene, the presurgery use of
hyperbaric oxygen substantially improves the patient' s
chance for survival.

Treatment: The patient is treated at 3 ata �6 fsw!
for 90 min, three times during the first 24 hr.
Two 90 min treatments are given the second 24 hr
and on thc third and fourth days, one treatment.
Generally the patient will breath oxygen for 20 min
intervals with 5 min periods of air breathing between
the oxygen intervals. When the patient is clinically
stable, surgical therapy is carried out even if the
full course of hyperbaric treatment has not been
completed.

EMERGENCY MEDICAL KIT

Each hyperbaric chamber facility must maintain an
an emergency medical kit which is available for use in
or out of the chamber. The primary kit, small enough
to carry into the chamber, should contain routine diag-
nostic equipment and other equipment needed imme-
diately in an emergency. Because many sterile items
must be considered contaminated after exposure to in-
creased atmospheric pressure, it is desirable to maintain
a secondary supply of equipment and medicines that
will be sent into the chamber only if specifically
required. The primary kit should include:

Flashlight
Stethoscope

Otoscope � Ophthalmoscope
Sphygmomanometer  aneroid type, never mercury!
Reflex hammer

Tuning fork
Pin and brush for sensory test
Tongue depressors

Emergency equipment and medications:
Tongue depressors taped and padded as a bite

25



Miscellaneous

Adhesive tape
Tourniquet

Emergency equipment:

SECTION IV: CHAMBER SYSTEM

INSTALLATION A ND MAINTENANCE

26

pad for use in case of convulsions  or
equivalent!

Oropharyngeal airway
Resuscitation bag respirator
Laryngoscope
Sterile scalpel and blade assortment
Sterile hemostats  two each!
Syringe, 5cc  two each! with needles disposable!
Bandage scissors
Epinephrine 1:1,000 aqueous for injection
Sterile gauze pads
Cotton balls

Benzalkonium chloride

The secondary medical kit should contain:

Suture material, sterile
Suture needles, assorted, sterile
Sterile syringes  disposable, plastic!

5cc, 2each
10cc, 2 each
30cc, 2 each

Sterile needles, 16, 18, 20, and 22 gauge
 preferably disposable!

Three-way stopcocks, sterile, 2 each
Sterile thoracentesis needle, 16 gauge, 4 in long
Selection of endotracheal tubes  plastic! with

low pressure inflatable cuffs

The manufacturer should deliver the chamber

with instructions for permanently mounting the
chamber and making it operational, After the cham-
ber is installed, an air system must be provided to
meet the requirements of the chamber. Finally, since
it relates directly to the size of the chamber and the
design of the air system, the main exhaust valves must
be calibrated to facilitate adequate ventilation of the
chamber or a flow meter installed. Details on instal-

lation and maintenance of chambers and air supply
systems are beyond the scope of this handbook;
consult appropriate construction codes, U, S. Navy
publications, and manufacturer's instruction books,

Emergency medi cations:
Intravenous fluids:

5%%d dextrose in saline

%o dextrose in water

Ringer's injection, lactated
Low molecular weight dextran  Rheoma-

crodex Dextran40!
Lidocaine  I %%d and 4%%d!
Corticosteroid: dexarnethasone for intra-

venous or intramuscular injection
Amobarbital sodium, injectabie
Phenobarbital, injectable
Diazepam, injectable
Diphenylythydantain sodium, injectable
Chloropromazine, injectable
Codeine tablets

Aspirin
An injectable antihistamine
Sterile water for injection
Surgical soap

Miscellaneous

Nasogastric tube
Ase pto syringe
Sterile bladder catheterization tray  pre-

ferably disposable
Intravenous infusion kits, sterile, disposable

 two each!
Gauze roller bandage, 1 in and 2 in, sterile
Band-aids

Sterile gloves, surgical
Sterile towels

Splints

AM BU-type resuscitator
Eye patch

AIR SUPPLY REQUIREMENTS

A hyperbaric chamber treatment facility must
have a primary and a secondary air supply system
which satisfy the following requirements:

Primary � sufficient air to pressurize the
chamber to 165 fsw and ventilate

through a complete treatment.

Secondary � sufficient air to pressurize the
chamber once to 165 fsw and ventilate

for 1 hour,

Either system may consist of air banks or a suitable
compressor or both. The required total capacity is



c.ilcul,i ted as follows:

I, Printary System Capacity  fur chamber nol
equipped with an overboard oxygen discharge system;
,issuming two patients,ind un« tender in the «hambcr!.

Cp = 12V + 58,757

where,

Cp = tot.il capacity of primary system  stan-
dard cubic feet!

V = «h,imber volume  cubic fccl!
12 =,itmosphercs cquivalcnl for 165 fl

times 2 prcssurizatiuns  absolute!
58,757 = total air required to ventilate during

a Table 4 treatment  scl!

T,ihlc 7, reproduced from thc U,S. Navy Recumpres-
sion Chamber Operator's Handbool, gives data con-
cerning thc ventilation r >tes and total air requirements
Ior two p,iticnts and one attendant undergoing rccom-
pression treatment. As indicated, the maximum air
liow r«lc I.h.it thc system need dclivcr is 140.7 scfm
�2 stop dt 60 It!.

2, Prim.iry System Capacity  fur chamber equipped
with an overboard oxygen discharge syslcm; assuming
one p,iticnt hrc,ithing uxygcn and one atlcndant
hrcithing air in ihc chamber.

f p 12V + 33,825

whci c,

33,825 = total air required tu ventilate during a
T,iblc 4 treatment  scf!

3. Secondary System Capacity  for chamber not
equipped with an overboard oxygen discharge system;
assuming two patients and one attendant in the
chamber!,

Cs � 6V + 8,442

where,

total capacity of secondary system  scf!
chamber volume  cf!
atmospheres equivalent of 165 ft  a!
maximum ventilation rate of 140.7 scfm
for I hr,

Cp =
V

6

8,442

l.ihlc 8 gives data concerning the vcntil stion rates and
total air requirements for one patient and onc attendant
undergoing rccornprcssion treatrncnt in a chamber equip-
ped with an overboard oxygen discharge system. As
indicated, the maximum air flow rate that the system
need deliver is 35.9 sclm �65 ft stop!. Table 9 gives
data for air requirement in a chamber without thc
overboard discharge system.

C, = 6V+ 2154

where,

2,154 = maximum ventilation rale of 35.9 scfm
Ior 1 hr.

Thc following furmula may bc used to compute
upproximare internal volume for most cylindrical
chambers:

chamber volume, cf = 0.00046 D2L
inner compartment volume, cf = 0.70 Vc
outer compartment volume, cf = 0.30 Vc

Vc
V;
Vo

where,

inside diameter of shell, inches
overall length of chamber, inchesD L.

OXYGEN BREATHING MASK

The University's hyperbaric chamber is equip-
ped with both standard and overboard discharge type
oxygen breathing masks. Thc standard type oxygen
mask consists of an oral-nasal mask, demand regulator
for oxygen supply, and appropriate ho~es and fittings.
Oxygen breathing mask with an overboard discharge
system consists of the same basic components as the
standard mask with the addition of a mask mounted
vacuum regulator and appropriate hoses and fittings to
exhaust the exhaled breath  Fig. 12!.

Thc cylinder pressure oxygen is reduced to
approximately 75 psig by a pressure regulator. This
low prcssure oxygen flows through a lightweight, flexi-
ble hose to a demand regulator located on the mask.
A control knob on the demand regulator allows ad-
justmcnt ol flow in order to minimize breathing re-
sistance or permit constant flow if desired. Oxygen
delivery pressure may also be adjusted by the out-
side attendants to enhance flow characteristics.

In thc overboard discharge units, the diver's ex-
halation is removed through a regulator mounted on
the left side of the mask. The regulator exhaust is
connected by hose to the outside of the chamber.
For a pressure differential in excess of 60 fsw, a
second vacuum regulator must be connected between
thc hose and the chamber wall to limit the differential
pressure at thc outlet of the mask mounted regulator,
An interlock valve is an integral part of the system,
This safety device shuts off the vacuum should a sup-
ply pressure loss occur. Do not pressurize the unit to

4. Secondary Supply System  for chamber equipped
with an overboard oxygen discharge system; assuming
one patient breathing oxygen and onc attendant breathing
air in the chamber!.
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FIGURE 'I2 Oxygen Mask with Overboard Discharge System
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a depth greater than 60 ft unless it is fitted with an
auxiliary vacuum regulator or the discharge hose has
been disconnected for the externai exhaust port.

These units should be inspected for unrestricted
operation by the attendant prior to each use. The hose
fittings are inserted into properly labeled connectors on
the wall of the chamber, After testing, the internal and
external valves are closed until oxygen is required.

The mask must be cleaned with an antiseptic solu-
tion  antibacterial soap and warm water, alcohol, ster-
ilizing agent, etc.! after each use and stored in a sealed
plastic bag. Routine inspection and prevent'we main-
tenance is required annually or when malfunction is
evident, Generally inspection and repair service are
provided by the manufacturer or his local representa-
tive. For further information, consult Appendix E of
this handbook or the appropriate manufacturer's in-
struction manual.

OXYGEN MONITORING EQUIPMENT

An oxygen anaiyzer is useful for monitoring
oxygen concentrations in chambers where oxygen is
used for therapy, research, or surface decompression.
Based on current U,S, Navy recommendations, the
oxygen level in hyperbarir, chainbers should not ex-
ceed 25 percent. Higher concentrations constitute a
specific fire hazard.

Several oxygen analyzers are available. Some
units are placed outside the chamber with a remote
sensor located inside the chamber; an appropriate
chamber penetration is required. Small, portable
galvanic cell type units may be placed directly in the
chamber. In choosing portable units for hyperbaric
use, be certain to consult with the manufacturer to be
certain that the unit is compatible with hyperbaric
environments. Since many units readout in response
to partial pressure of oxygen relative to one atmos-
phere pressure, mathematical conversions must be
made to denote the true reading at depth. Manu-
facturer's instruction inanuals should be consulted
for detailed information on soecific oxygen analyzers.
Special instructions for use of the oxygen analyzer
used in the University's chamber are given in Appendix
D.

CORROSION PROTECTION

Corrosion products are best removed by hand
or by using a slender pointed tool, being careful not
to gouge or otherwise damage the base metal. The
corroded area and a small area around it should then

be cleaned to remove any remaining paint and/or cor-
rosion products, The area should then be painted with
one primer coat and one exterior coat using fire re-
tardant paint. Painting should be kept to an absolute
minimum.

FIRE EXTINGUISHING EQUIPMENT AND AGENTS

The U,S, Navy's Design Manual: Hyperbaric
Fzzcili ties  NA VF AC DM-39! states that "although re-
search has been performed on nonaqueous extinguishing
agents, studies have not yet reached the point where
any extinguishing agent can be recommended with con-
fidence as being superior to a water spray with ade-
quate drainage," The manuai further states that "tests
have shown that a hand-aimed stream of water is one
of the most effective ways to put out a small fire in its
initial stages" and that sand and water buckets are "in
a class of items which can do no harm and may do some
good."

Therefore, containers of water and/or a small
hand-held water spray fire extinguisher are used in the
University's chamber. Each type of extinguisher should
be tested in the chamber under pressure equivalent to
60 fsw prior to initial installation and periodically
inspected thereafter.

FIRE RETARDANT CLOTHING

The hyperbaric chamber facility should be pro-
vided with special fire retardant clothing, mattress
cover, sheets, and blankets. These items may be
constructed of special fire retardant fabric or treated
with a fire retardant solution so that they will not
support combustion at 165 ft in air and 60 ft in a
25% oxygen � 75~%%d nitrogen atmosphere,

ln accordance with recommendations made by
the U.S, Navy �973b!, a periodic pressure test must
be conducted on recompression chambers when they
are initially installed, moved and reinstalled, and at
five-year intervals at a given location. The test is to
be conducted as follows:

1. Pressurize inner compartment to 100 fsw.
Using soapy water or an equivalent solution, leak-test
all shell penetration fittings, viewports, hatch seals,
hatch dogs, valve connections, pipe joints, and shell
weldments,

2. Mark leaks. Depressurize compartment and
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,idjust, repair, or replace components as necessary
to eliminate leaks,

Viewport leaks: Remove vicwport gasket
 icplacc if necessary!, wipe clean and lubricate with
appropri,itc lubricant. When reinstalling viewport,
tighten retaining ring bolts until the gasket just com-
presses eveiily about thc vicwport. Do not compress
the gasket.

b. Weldmcnt leaks: Repair in accordance
witli applicable requirements I'or unfired prcssure
vessels. Consult thc chamber manufacturer or a local
i cprcscntativc for specific instructions, I-ollowing
wcldrncnt repairs, the chamber must be hydro-
staiically tested per inanufacturcr 's specifications for
rcccrtification. Special instructions for hydrostatic
testing arc also available from the U.S. Navy Experi-
ment,il Diving Unit.

3. Repeat steps ] and 2 until all leaks have been
clirnin,i tcd.

In addition to being used for recomprcssion
trc.itmcnt of divers suffering from decompression
sickness or gas einbolism and other clinical applica-
tions, hyperbaric chambers arc also routinely used for:

~ Surl ace Decompression

Omitted Decompression
Diver Candidate Pressure and Oxygen Toler-

ance Test

Pressurizing Personnel for Training and
Demonstration

SURFACE DECOMPRESSION

Surf'ace decompression i a technique for
fulfilling all, or a portion, of the diver's decornpres-
sion obligation in a recomprcssion chamber. By using
this technique, the time which the diver must spend
in the water is significantly rcduccd; and when oxygen
is breathed in thc rccomprcssion chamber, the diver' s
total decompression time is reduced.

Surface decompression offers many advantages
which enhance thc diver's safety, Shorter exposure
time in the water keeps him from chilling to a dan-
gerous lcvcl, Inside the recompression chamber,

4. Pressurize compartment to chamber's maximum
design pressure  not hydrostatic pressure! and hold for
five minutes  The pressure should be stabilized at the
specified depth relative to ambient temperature prior
to starting test time,!.

5. Depressurizc compartment to 165 fsw. Hold
for one hour. If pressure drops below 145 fsw, locate
and mark leaks. Dcpressurizc chamber and repair
leaks in accordance with step 2 above and repeat this
process until final pressure is at least 145 fsw  The
pressure should be stabilized at thc specified depth
relative to ambient temperature prior to starting test
time.!.

6. Repeat steps 1 through 5 leaving the inner door
open and outer door closed, Leak test those portions
of the chamber not previously tested.

the diver can be maintained at a constant pres-

sure, unaffected by surface conditions of the sea.
Observed constantly by the chamber operator, and
monitored intermittently by medical personnel, any
signs of decompression sickness can be readily detected
and immediately treated.

If an oxygen breathing system is installed in the
rccompression chamber, surface decompression should
be conducted in accordance with the Surface Decom-
pression Table Using Oxygen. If air is the only breath-
ing medium available, the Surface Decompression Table
Using Air must bc used. Both tables, and the specific
instruction for their use, arc in Change 1 �994-001.
9011! to the U.S. Navy Diving Manual, NAVSHIPS
0994-001-9010 and the Reserzrch Diver's Manual
 University of Michigan Sea Grant Program!.

There is no surface decoinpression table for use
following an exceptional exposure dive. Additionally,
repetitive diving tables for dives following surface de-
compression have not been calculated.

Prior to making a dive that will employ surface
decompression procedures, the chamber must under-
go a predive checkout. Upon surfacing the diver, his



tenders have only 3.5 min to remove his breathing
gear, assist him into the chamber, and begin recom-
pression.

OMITTED DECOMPRESSION

Certain emergencies may interrupt or prevent
specified decompression. Blow-up, exhausted air
supply, bodily injury, and similar situations consti-
tute such ernergencics. If the diver shows any symp-
toins of decompression sickness or gas embolism, im-
mediate treatment using the appropriate oxygen or
air recompression treatment table is essential. Even
if the diver shows no symptoms of decompression
sickness, omitted decompression must be made up
in some manner to avert later difficulty.

l, Use of Surface Oecompression Tables. The
surface Table Using Oxygen or the Surface Table Using
Air may be used to make up omitted decompression
only if the emergency surface interval occurs at such
a time that water stops are not required or have al-
ready been completed.

2 Surface Oecompression Tables Not Applicable.
When the conditions which permit the use of the sur-
face decompression tables are not fulfilled, the diver' s
decompression has been compromised. Special care
must be taken to detect signs of decompression sick-
ness, regardless of what action is initiated. The diver
must be returned to pressure as soon as possible,

If the chamber is equipped for oxygen
breathing, take the patient to 60 fpm, having him
breathe oxygen from the surface. If no symptoms
of decompression sickness appear after 10 min, de-
compress on Table 5. If symptoms appear and are
not relieved after 10 min, decompress on Table 6.

b. If the chamber is not equipped for oxygen
breathing, take the patient to 100 ft at 25 fpm and
keep him at that depth for 30 min. if no symptoms
of decompression sickness appear during that period,
decompress on Table 1A,

Consider any decompression sickness developed during
or after these procedures as a recurrence.

U.S. NAVY DIVER CANDIDATE PRESSURE AND
OXYGEN TOLERANCE TESTS

U.S. Navy and some government agency diving
candidates are required to pass a pressure and/or oxy-
gen tolerance test before they are eligible for diver
training or annual diver recertification. The following
test procedures were developed specifically for diver
candidate pressure and oxygen tolerance tests. Al-
though the specific decompression is not in accordance
with the standard Air Decompression Table, it has
proven to be safe and effective over years of experience

in U,S. Navy facilities.

1, The candidate must undergo an appropriate
diving medical examination and be cleared for diving.

2. Chamber procedures and equalization methods
are explained to the candidate s! as previously discussed.

3. The candidate s! and attendant enter the cham-
ber and are pressurized to 112 ft at a rate which can
be tolerated by the candidate.

4. The chamber is ventilated for one minute at

112 ft to cool the interior.

5. Ascend to 60 ft at 60 fpm.

6. The attendant places an oxygen mask on the
candidate's face, and the candidate breathes 100/o
oxygen for 30 min. During this time the candidate
remains at rest and the chamber is ventilated at

12.5 acfm  or 6 acfin if chamber is equipped with
an overboard oxygen discharge!. The attendant
must constantly monitor the candidate for signs of
oxygen toxicity.

7. After 30 min the mask is removed and the

chamber is depressurized to the surface at a rate of
60 fpm.

During pressurization the candidate must demon-
strate the ability to equalize pressure in his ears ef-
fectively and otherwise withstand the effects of pres-
sure. Due consideration must be given to the pres-
ence of an upper respiratory infection which may
temporarily impair the ability to equalize pressure.

During the oxygen tolerance test, if the candi-
date convulses or exhibits definite preconvulsive
signs  i.e., twitching of facial muscles or limbs!, he
fails the test; remove the mask. The test is not to
be repeated. If during the test the candidate corn-
plains of symptoms such as nausea, tingling sensa-
tion, dizziness, etc., the mask should be removed
and the test may be terminated. The test may be
repeated at a later date at the discretion of the
attending physician,

PRESSURIZING PERSONNEL FOR TRAiNING
AND DEMONSTRATION

All university employees and students to be
pressurized in the hyperbaric chamber must have
satisfactorily completed a medical examination given
by an approved physician and pronounced physically
qualified for such activity. A record of the medical
examination, signed by the physician, shall be filed
with the university diving coordinator and at the
chamber facility.

Since many trainees will not be affiliated with
the university, a person who holds an approved skin
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and scuba diver certificate of training and is active in
undcrwatcr diving or is an approved diver lraincc from
non-univcrsity programs may bc exempted from the
medical examination rcquiremcnt at thc discretion of
the chamber supervisor and/or thc attending physician.
I=xempties must, however, sign a statement attesting
to lhc fact that they arc not aware of any personal
physical abnormalities that arc contraindications to
diving. All persons, regardless ot affiliation, shall be
required to cxccutc a Waiver, Relcasc and Indcrnnity
Agreemcnt and Acknowledgment of Risk statement
prior to entering thc chamber.

The chamber attendants must interview each in-

dividual undergoing a pressure test, chamber orienta-
tion, ur an oxygen tolerance test to insure that they
conform to the requirements previously stated. The
chamber attendants should ask the following ques-

tions ot' each person entering thc chamber:

I. Have you had a good night's sleep?
2. Have you donc any hcavy drinking in thc last

12 hours?

3. Do you have a cold or have you recently had
a cold?

4. Have you been hospitalized or suftcrcd a serious
illness in the past year?

5. Do you have any physical problems which
have or woutd possibly have disqualified you
from diving?

If the chamber attendant detects any unsatisfactory
answer or observes any physical abnormality, hc
should reject the individual from pressurization until
the person is designated as qualified by a physician.
All personnel must sign appropriate medical informa-
tion and release forms prior to cntcring thc chamber.
Inform everyone that smoking is prohibited in the
laboratory area.

Trainees shall be instructed to stay clear of the
chamber door and control area while the rhamber is
in operation. Unauthorized personnel are not allowed
to handle control valves or watches.

Prior to admitting personnel to the chamber,
the charnbcr attendant must ensure that shoes have
bccn removed and that no individual has materials
such as cigarettes, pipes, lighters, pens, ctc. in his
pockets. All watches except for diving watches should
bc removed, Although all normal clothing is com-
bustible, cotton appears to de desirable over syn-
thetic and wool materials because of its nonstatic
property. If the attendant detects high static elec-
tricity levels on clothing, he may request that the
individual change into more suitable garments,
Ideally, fire-resistant clothing should be issued
to all chamber occupants.

As the personnel enter the chamber, instruct
them to be seated in a noncramped position. Ideally,
no more than four persons should be pressurized in
thc university chamber at a time. If possible, a trained
attendant should accompany them in thc chamber,

Describe the pressurization sequence emphasizing the
equalization procedure and signal for stopping pres-
surization in thc event they are unable to equalize
 raisc clenched fist!. Inform them to expect a high
noise Icvcl  issue ear protectors, if necessary! and sig-
nificant temperature increase duc to the adiabatic
heat of compression during descent. Some may wish
to rcmove a sweater or outer shirt to avoid excessive

perspiring. When thc chamber has reached maximum
depth, observe thc occupants for signs of anxiety,
claustrophobia and nitrogen narcosis. Have them note
the changes in voice  slight "Donald Duck"-like quality!,
difficulty whistling, and increased resistance to forceful
inhalation through thc nose due to the increased den-
sity of the air. If the chamber is ventilated on a period-
ic basis, thc occupants should be forwarned of air
bursts, Prior to deprcssurization of the chamber, in-
form thc occupants to breathe normally and not to
hold their breath during depressurization. Warn them
that the air temperature will decrease significantly and
that a water vapor fog may form in the chamber, This
is normal and thc occupants should not be alarmed.
Request that occupants not handle the chamber door
assembly or fire extinguishing equipment while under
pressure.

Following decompression, the personnel who
have been subjected to pressure are requested to re-
main in the building for one hour and in the vicinity
for 12 hours, They should not fly for at least 12 hours,
or more if so instructed by the chamber supervisor or
attending physician. If they experience any unusual
symptoms or illness during the next 24 hours, they are
requested to consult with the facility's hyperbaric
physician. An informal.ion card should be issued to
all participants and they should carry the card for
24 hours,
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APPENDIX A

STANDARD AIR DECOMPRESS ON TABLES

From

U.S. Navy Diving Manual

For the purpose of standardization, the table numbers in Appendix A are the same as those given in U.S. Navy
Change I �994-001-9011I of the U.S. Navy Diving Manual  NAVSHII'S 0994-001-9010j,

TableTable

1- 13 Repetitive dive timetable for air divesDecompression procedures

1 � 14 U,S, Navy standard air decompression table
for exceptional exposures

I � 10 U.S. Navy standard air decompression table

No-decompression limits and repetitive dive
group designation table for no-decomprcssion
ail' cllvcs

1 1S Surface decompression table using oxygen

1 � 16 Surface decompression table using air

Surlace interval credit table for air decom-

pression dives

I � 12

 FORMERLY TABLE I~ INN DIVING MANUAL!

Talslas 1-9.� Decor!spregtit0tt preeederee

Outread. Inevnuertoae roa Atn Dtvnra

!to-Decor«pression Baaed«tee

Dives that ars not long or deep enough to requtre decompression stops are nodecompreeston dive, Dives to
33 feet or !eim do not require decompression stops, hs tbe depth incrcasee, tbe allowable bottom thne fbr
nodecomprvsslon dives decrcasca Five minutes at 190 feet is the deepest n~ecomprsssion schedule. These
dives are all listed in tbe Iio-Decorspressios hirsute ssd Repetttioe Oro«p Dertpaattos Table for No-Decompression
Dines  No.Decompreeeion Table  table 1-11! !, and only require compliance with the 80-feet~-minute rate
of amneLt.

Bched«tee That Req«tre Deoosspresrton Btopr

AII dives beyond the limits of the Iiro-Decorspression Table require decompresefon stops. These dives are
!lated ln tbe !!racy Bts«dard hir Decor«pression Table  table 1-10!. comply exactly with instructions ezcept as
mod15sd by surface decompreeeton procadures.

Formations ia Rote of Assent

Ascend frren all dives at tbe rate ot 80 feet per minute.
In the event you are unable to maintain the 80.feet-per-minute rate ot ascent:

 a! It the delay was at a depth greater than SO feet: increase the bottom time by tbe dltterence between
the time used in ascent and the time that should have been used at a rate ot 80 feet per mtnuta
Decompreiei according to the requirements of the new total botitom time,

 b! It the delay was at a depth less than 50 test: Increaim the first stop by the difference between the
time used ln ascent snd the time that should have been used at tae rate of 80 feet per minute.

jreed for Deoorsprevsto«

A quanglty of nitrogen ls taken up by tbe body during every dive. Tbe amount absorbed depends upon the
depth of tbe dive and the enposurs  bottom! tinLa It the quantity of nitrogen dissolved ln the body ti~ee
exceeds a Certain Critical Simeunt. the ascent must be delayed to allow tbe body tieeue tO remeve the egest
nitrogen, Decomprcmilon sickness results trum failure to delay the ascent snd to allow tbie process of gradual
deimturation. A specitted time at a specific depth for purposes of d~turation fs called a decompreeelen atOp.



ln the event you exceed the 60 feet per minute rate: c! If no decompression stops are required, but the bottom time places you within 10 minutes of a schedule that does
require decompression; stop at 10 feet For the time that you should have taken m ascent at 60 fact per minute.

 d! lf decompression is requiced; stop 10 feet below the first listed decompression dcpch for the remaining time that you
should have caken in ascent at 60 feet per minute.

Repetitive Dive procedure

A dive performed within 12 hours ol surfacing From a previous dive is a repetitive dive. Th«period between dives is the
surface interval. Excess mtrogen requires 12 hours io be effeccively lost from che body. These tables arc designed to protect the
diver from the efl'eecs of this residual nitrogen. Allow a rniniinum surface interval of 10 minutes between all dives. For any
uicerval under 10 minutes, add the bottom time of the previous dives to that of the repetitive dive and choose the
decompression schedule for the total bottom time and the deepest dive. Specil'ic mstrucoons arc given for the use of each table
m the following order: I! The No-Deeonrpression Tubk or the Navy Standard Air Decompression Tnbk yves the repetitive group designation

for all schedules which may precede a repetitive dive.
�! The Surface Interval Credit Table gives credit tor desacuration occurring during surface interval.
t3! Ihe Repetitive Dive Time'tabk gives the number of minutes of residual nitrogen time to add to the actual bottom

time of the repetitive dive to obtain decompression For the residual nitrogen.�! Tbe h1o-Decompression Tabk or the Navy Standard Air Decompression Toble gives the dccomprcssion rcqueed for
the repetitive dive. V.S. NAVY STAhl DARD AIR DECOMPRESSION TABLE

Instructions for L/se

Time of decompression stops in the table is in rnmutes,Enter the cable ai the exact or che next greater depth than che maximum depth attamed during thc dive. Sekct the listed
bottom tiine chac is exactly equal co or is nexc greater than the botcom time oF the dive, Maintain thc diver's chest as close as
possible to each decompression depth For the number of minutes listed. The rate ot ascent between stops is not critical for stops
of 50 feet or less. Commence timmg each scop on arrival at thc decompression depth and rcsuine ascent when chc specified cime
has Lapsed.For example-a dive to 82 feet for 36 minutes. To determine che proper de«omprcssion procedure: Thc next greater depth
bated m this table is 90 feet. Thc next greater bottom time listed opposite 90 feet is 40. Stop 7 minutes at 10 fcct in accordance
with the 90/40 schedule.For example � a dive to 110 feet for 30 minutes. Ic is known that the depth did not exceed 110 feet. To determine the
proper decompression scheduk: The exact depth of 110 feec is listed, The exact boctom tiine of 30 minutes is listed opposite
110 feet. Decompress according co the 110/30 schedule unless the dive was particularly cold or arduous, ln that case, go co chc
sehcdu e For the next deeper and longer dive, i.e., I 20/40,

TABLE 1 � 10. � U.S. Nacry Standard Air Decomprerxicm Table
 FORMERLY TABLE 1 � 5, 1963 DIVlhlC It/lANUAL!

sclee table 1-11 for repetitive yoctpa in no-decompression dives.



Tatst.x 1 � 10.� U,S. Nrstnf Sfenku'd Atr Occontyrcectort Tab@ � Continued

Decompression stops  feet!
Depth  feet!

1030

1:OO  '!
300 K70 0:50
800 L

1500 M
0:50

14
120 27:00 N

40:00 0
0:50
0:50140 39

49:00 Z
57:00 Z0:50

0:40 71:00 Z

1: 10  e!70
9:10 K

15:10 L70
19:10 M
24:LO N

1880

34 10 N
44 10 0410:50ll0
52:10 0
SQ:10 0

47
52

OS;18 Z
'7L:10 Z

l40
Ol

88:10 Z
99:10 Z

7213

170

L:20  s!40
10

18:20
24 20 M

171:10
2370 1:10

34:20
4T;20 N

31
39

58:20 0
OT:20 013110
T4:20 Z
83:20 Z

17
19

OO 20 Z
11020 Z77

1:30
8:30 J

19:30 L
20:30 M

181:20

38:30 N
54:30 N

1:10TO
1:10 13

07:30 0
TO:30 Z

1:10
1:10

80;30 Z
101.30 Z

Ol1:10110
1:10 32

11$:30 Z

1:4025
4;40 E

LO:4 K1540
27:40 I
3840 N

24

1:20

~Sec table l � 1 l for repetitive groups in no4ecomprcssion dives.

Betters
time
 min!

Tixne to
Orat stop
 min:sec!

Total
ascent

 ruin:sec!

Repeti-
tive

group



T>81.8 L-li!.� U.S. Naos Sfrtndard Air Btcorrspreaaiort Tabb � Continuad

Decompression stops  feat!
Depth  feat!

10204050

100 � Continued 39 ST:401770
72:40 023

I:10
97:4023I:IO

72 117:4010I:IO110
8 1 2:441I:10120

I:4025
I:40

21I:3040

18
2370 0
23 STI:20

12I:20
15 72 125:50

15

8:00
18:00

1:40 25
48:001;40 15

071:0045

70 89:00 05523
15

37 182:00
23

2'10
10

3:1015
H8:10

12:101025
28:1018
87:10IO
03:10 0I:40
88:10I:40

70 I:40

80 LS4-1045

15 '2:10
2:10

14
21

L8
078.20

18
88 125:Sl19I,'4070

LSS;2010I:40

vSee table 1 � 11 for repetitive groups in nodeconlpreasion dives.

Bottoln
tllhe
 min!

Time to
Srat atop
 min eea!

Total
ascent

 min:aae!

103:LO
181;10

Rapati-
Qva

gretlp



T~sx.a I-lo.� U.S. Naos SfarMNrcf At'r Deoo»tsa'ceeio» Tebk � Continued

Desompresslon stops  feet!Time to
Srst stop
 mia:sec!

Total

 mia~!

Bottom
time
 mia!

Deptb  feet!
30 10

10
15

2:iO
172:1025
242:10
331940
5112
8219 2IS
7539TO

17 19I:40

2:3010
2:20IS

2:10
39 TI 40 N2:10 23
55

33
44

170
2:4010

15
1520

25
13
2310 452:10
23 ai2:10 Ig

743715
Si1917TO

10
2:4015

17
10

192:10
81 I08:00 Z4419 192:10

3:10 D
7:10 G

14:10 I
10
15

31:10 K
44:10 M
93:10 N

55 103:10 0
72 147:10 Z
84 183:10 Z

23
13
1710 19

s8ee table I-l I for repetitive groups in a~ompremion divm.

2:30 C
330 K
530 G

11:30 8

59:30 N
$8:30 0

lie:30 Z
173:30 Z

2:40 D
3:40 P
7:40 H

10:40 J
29:40 K
40:40 M

99:40 Z
132:40 Z
100:40 Z

2:50 D
4:50 P
9 SO H

34:50 L
45 SO M
Sl:50 0

109:50 Z
152:50 Z

300 D
9:00 P

12;00 I
29:00 K
40:00
53:00 N
93:00 0

128:00 Z



Thsr,gl l-l 1,� hl~ontpreeoton JijniCe omt ropclihpe Ltroup dceiitrtktfiolt taft jor ~oinprcget'ora
air dteaf

 fORMERLV TABLE l-4 1983 DIVlNC MAL4UAL!

Repetitive groups  air dives!Noclccom-
prknsloa

bmits
 min!

Daplh
 feet! ! JG 8C Dh B

3$
325
195
145
100
80
80
$0
40
35
30
25

25
315245

170
120
100
70
$5
4$
40

310
190
1$0
100

15 3LO140
ILO

5 5 5 5
J'kkcrrkkdioao for Vcc

l. N~omp~ion limits:
This column showa at variow depths greater than

30 feel Cbe allowable diving times  in minutes!
which permit surfacing directly at 88 Last e, minute
with no decompression stops. Longer exposure
timka require tha we of Cbc Standard hir Daeom-
prcsaion Table  table I-IO!.

1!. Repetitive group dkaignation table:
The tabulated exposure times  or bottom times!

arc in minutes. Tba limes at the various depths in
each vertical column ara the maximum exyosuree
during which a diver wiLL remain within Cbe group
listed at tbe bead ot tha column.

To Snd the repetitive group designation at sur-
facing for dives involving exposure up to and
inaiuding the n~mprcs4on Limits: EnCcr the
table on the ass4 or kkael tractor kfoy81 than that to

41

10
15

25
30
3S
40
50
80
70
80
90

IOO
LIO
120
130
140
150
180
170
180
190

310
200
LOO
80
$0
40
30
2$
20
1$
10
10

5 5 5 5

120
70
50
35
30
15
15
10

10 5
,5 5 5

210
LIO
75
55
4S
2$
25
15
15
IO
10
IO

7 5 5 5 5 5

300
180
100
75
80
40
30
2S
20
15
15
12
IO
10
10
8
7

350
180
125
95
80
SO
40
30
30
25
20
20
15
15

240
180
120
80
70
50
40
35
30
2$
22
20

whish exposed and salaaC tbe Listed exposure time
axed or assr 8tw54r than 'the aclual exposure 'linis.
Tbe repeliliva group designation Ie indicated by the
letter at tha heed of Cba vmtiaai column «bare tbe
~ 4cotcd exposure time ie Listed.

For example: h dive «ss to 32 feel for 45 minutkn.
Eater tbc Cable along tha ~oat-depth line 4noe it
i ~ next greater Chan 32 feat. Tha table showa that
since group D ic left after 40 minutes' axyosura
and group E after 50 minutes, group E  ai the bead
of tba aolumn where tbe Mminutc exyosura is
listed! i ~ tbe proper aelao Cion,

Exposure times for depths lkne than 40 feet are
listed only up to approximately 5 hours since this
is con4darad ta be beyond Oeld requirements for
this table.



Taal a 1-12.� &trfacc Inkreol &edit Tcbk far air dccmnprcseiort rgiese
 tORMERLT TARLR 1-7, lggg DlVING MANUAL!

[Repetitive group at tbe end of the eurfaoe interval  air diva!!

D
Z 0

1:03
1:18

0;10 0;23
0:22 0:34

4:18
5:10

0:52
1:07

0 0:10
0:23

4:OS
5:03

N 0:40
0:S4

3:S3
4:49

0:20
0:42

3:37
4:3S

0:10
0:25

3:22
~ :19

3:05
4:02

2:4S
3:43

1:30
2:28

0;55
l.' 57

Q.' 10
I:00

fnsfresfisas jor Um
Surfaos interval time in the table is ln Seers and group designation: The repetitive group from tbe last

minutes i'7;59 means 7 hours and S9 minutes!. The oolumn of the 110/30 ssbedule in the SCandnrd Air
surface interval must bs at hest 10 minutes. Deoomprsssion Tables i ~ "J." Eater the surface Interval

Pind the remi'airs proup dsriynafisa heter  from credit Cable along ths horisontal line labehxi "J." Tbe
the pmvious dive schedule! on ths diagonal elope. Enter I-bounaad-30-minute surfaoe interval lies bet«me the
the table horisontaILy to sslsot the surface interval time times 1;20 and 1:47. TlsMvdme, tbe diver has lost
that is exactly between the astual surfaoe interval su%cleat inert gae to plass him in group "6" tat tbe
times shown, The repetitive group designation for the bead of the vsrtisel column esheted!.
~ nd of tba surface interval is at tbe bead of the vertioal sHmc. � Dives following surfaos intervals of
column «bere the selected sutfaoe interval time is euNc than 12 bours are not considered repetitive dive.
listed, Por example, a previous dive was to 110 I'eet for rLduef bottom times in tbe Standard Air Deoompression
30 minutes. The diver remains on tbe eurfaoe 1 hour Tables may be used in computing decompression fm
~ nd 30 minutes and «isbes tofindtbene» repetitive euohdivm.

42 '



Tat«L,x I � 13,� Rcpc6ftt«c dittc ttrrtctabk for air dtt«ca
 tORMKRLY TABLB l-g, 1053 DEVlNG %$AIitUAL}

Repetitive dive depth  tt}  air divm!
Repetitive

groups 150 170120 130100 110 140 1$040 $0
180 100

3 33 37 5 2 25 4 3
5 5
0 8

7 5
LO LO

8 7
13 11

4 4
5 5

5 5
7 7

11 9
17 15

17 13
25 21

B

12 ll
15 13

14 13
1& 15

0 8
10

10 0
12 12

18 15
23 20

24 20
30 25

37 29
40 38

10 10

28 24
32 20

18 15
21 19

13 13
15 15

15
18 17

3531
44 37

51 4'7
73 55

12 ll
14 13

38 33
43 38

25 22
28 25

30 27
34 31

18 17
20 19

52 43
51 50

87 55
10L 75

Lg 15
Lg �

48 43
54 47

3'2 28
35 31

38 34
43 38

70 57
79 54

10
22 21

25 '24
29 27

115 87
138 99

32 30
35 32

28 25
31 29

39 3S
43 38

48 42
52 47

51 53
58 SB

88 72
97 &0

1$1 111
187 124

38 35
40 38

57 51
52 55

73 54
&0 70

107 87
117 95

213 14'2
241 1$0

N

32 3142 40
257 159

37 3584 73122 100

lMruc«ice«e jer t,'cc

�!

�!

�!

43

The bollom times listed in this table are tailed
"residual nitrogen ti«nee" and are the times a diver is
to consider he hae aires«ty spent on botlom when he
eiarle a repetitive dive lo a specifi depth. They are
in minutm,

Enter the table horisonlally with the repetitive group
deeignanon from the Surface Interval Credit Table,
The lime in each vertical eolu«nn is the number ot
minutes that mould be required  at the depth listed
at the bead of the column! to satu«ate to the particular
gro«i p.

For example: The final group designation from the
Surface Interval Credit Table, on thc basis of a previous
dive and eurtace interval, ie "H." To plan a dive to
110 feet, determine lhe residual nitrogen ti«ne tor this
depth required by lhe repetitive group designation:
Enter this table along the horisontal line labeled "H."
The table shows that one must eiori a dive to 110 feet
ss though be had already been on the bottom for 27
minut«n. Tlue information can then be applied
to the Standard hir Decompr«scion Table or No-
Decomprmeion Table in a ni«mbcr of «ays:

�! Aaeummg s diver ie going to finish a job and
take whatever deco«nprcseion ie required, he
must add 27 minu~ lo hie actual bottom
time and be prepared lo tahe dacomprmaion

accordiag to the 110@cot schedules for tha eum
or equivalent single dive time.
Assuming onc wishm to make a quick inspec-
tion dive tor the minimum dacompremion, he
«ill decomp~ according to lhe 110/30
~ chedule tor a «hve of 3 minutes or Lcm
�7+3= 30!, For a dive ol' over 3 minutes but
L«ae than 13, he will dacomprem according to
the 110/40 schedule �7+ 13 40«.
Assuming that one dom not want to exceed
lhc 110/SQ schedule and tha amount ol' dacom-
prmsion it requirm, be will have lo start ascent
before 23 minutes ot actual bottom time
 SO � 27 = 23! .
Assuming that a diver has air for approxi-
mately 4$ minutes bottom time and decom-
prmsion stops, the possible dives can ba
computed; A dive ot 13 nunutas will require
23 minutes ot decompression �1Q/4Q schedule!,
for a total submerged time ot 35 minutes.
h dive of 13 to 23 minutes «ill require 34
minutes ot decompr«ueion �10/50 schedule! ~
tor a total submerged time of 47 to S7 minutes.
Therefore, to be sate, the diver wi!L have to
start ascent before 13 minutes or ~ standby
air source will have to bs provided,



Twsi.x 1-14.� U.S, cracy SIamckvd Atr Dccoatgecccios Table for cuba:cptianal czpceurcc
 POR1VIERLY TABLE 1-9, 195$ DIVING MANUAL!

Time to Deeompreaaion atopa  feet!
Depth

 fl! Liol 100 40 30 20 1070 50 50L30 120 90 80

23:40230:3035040
0:30

Bg720 0:30

82:002 79
20 119

240 0:40
140:000:40
193:0044 148

78 187
0:40

720 0,40

35 S5 121:20
B 52 120

29 90 150
179:20240 0:50

0:50
59 107 L87

17 108 142 187 455.'20720 0.40

202:401 29 53 118
240 14 42 S4 142

42 73 ill 187 415:40
51 91 142 187 503:4021

720 105 122 142 187 513:40

175:0010 19 47 981:20120120
27 37 75 1371:10180
35 50 97 179
54 93 142 187

395:00
551:00

1:10 23240
18 45

93 122 142 187
Lli 122 142 187

554:00
773:00

0 '50 3 41 54
32 74 100

480
720

1:30140
121:30120

10 25
8 28 34

1:20
511:20240 1:LO

31
1$ 550:50720

14 34 52 12012 12170 90
82 16532 42

50 78
12 18
28 34

10
22

1:30
1:20 120 1874 10

18 24 70 115 142 18730 42 50240 1 .'20
873:50

L007:50
1 14 122 142 187
114 122 142 187

52 50 98
91 97 LGO

22 34 401:10
40 42 55

Bottom
time
 min!

Best
atop

 min:see!

32 42 54
44 59 100
SS 97 100

14 18 42 88
14 35 55 120
32 54 94 158
50 78 124 187
84 122 142 187

114 122 142 187
114 122 142 187

Total
eaoent
time

 min ma!



Tashe', 1 � 14.� U.S. Naey 8tandonf Atr Daeomprceeioa Tabb for czecptional czpoearce � Continuad

Deeomprmsion stope   eet!Bottom
time
 mio!

Depth
 lt!

130 120 110 100 90 &0 70 80 SO 40 30 20 IO

3:10
10

18
3 7 27
7 1425

T3:203T
I12:208 I
101 20759 18 22 39

2 13 LT 24 51
10 L'2 12 30 38 74IO
10 24 28 40 04 98
24 42 48 70 108 142
42 54 88 I Li 122 142

«3:208 10 10
I 10 10 18 24
9 20 24 24

I:40
187

'187
240

82 98 LOO 114 L22 142 187 1058:20I:10

210
3:1010

1315

$1:30
124:30
ITi;30

4 0 19 28
L 9 17 L0 45

10:40
10

2 5
I 3 11

3:10IS

3:00
4T

140:40
190:40

40
2:40

3:40
I '2

10
18

3:10
74:503:10

51
74

14M
10

21

3:10
8 I3:10

753 7 17 22 30
I 8 15 10 20 Sl

3:00
21840

45

Time to
Szst
atop

 mio ~!

I 5
4 10

2 7 17
4 9 24

3 8 19
I 7 10 23
8 12 22 20

3 12 17 18 51

3 5
2 5 12

8
2 8 12 23

I 7 IS 22 34
5 14 LO 24 Sl

L 3
8

3 8 LS
I 4 9 24

Total
~ scoot
time

 min ~!



Standard At'r Dccompreeeton Table for ezeepttonaC ezpoeuree � ContinuedTasl.a 1-14.� U S. Navy

Decompression stops  Lect!
Depth

 ft!
100 90 LLO 70 60 50 40 30 20 10130 120 110

7:10I 23:50
15:103:40'LO
38:103:30'LS
59:10
92:10

LIB:IO
178:103:10 5 9
298:104 10 10 10 12

10 10 10 10 28 28 514:102:10 8 LO

3:5010
3:4015

3:30
125: 203:20

I 5 ll3:10

4:10
10
15

3 9 21 35
l3 23 53

3:40
3:30

138:3012 22 27 543:3030
, I 883:2040

8:40280
25:40LO

3 4 ll 26
4 8 23 39

49:403:50LS
Sl: 403:5020

3:402v
I 3 73:3030

218: 40I 6 6 l33:2040

4:30
4:1010

15
89: 5020

3 53:50
16 22 36 72 IB2: 50B30 3:40
16 32 5 I 95 228: 50153:3040

11:004:40
4:2010

57:004:1015
97:002 320

25
172:0030

3 4040
10

Bottom
time
 min!

Time to
Brst
s'lop

 min;sec!

3 6
5 6 11

I 3 6
2 5 7

4 B 9 15
10 IO 10 10 14 28

I 4 7
I 4 7 22
4 7 17
7 10 24 45
7 IT 23 59

LT 19 45 79
22 36 54 125
44 58 98 185

2
2 4 9

2 4 10 22
4 T 20 31
S ll 23 50
8 19 26 61

IB 19 49 84

I 3
2 5 11

3 4 ll 24

2 2
2 5 13

7 16 23 56
13 22 30 70
17 27 51 93

2 3
1 3 5 16
3 6 12 26
7 9 23 43
8 17 23 60

3 3
1 3 5 17
3 5 15 25
7 . 10 23 47
8 19 26 51

17 22 39 TS
17 34 Sl 90
32 50 90 187

Total
ascent
lime

 min:sec!

42: 20
57: 20

113:40
150:40

29: 50
52: SO

231:00
450:00
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Tota!
*com-
pression

tlnle
 min: SeC! 7

Time  min! breathing air
al water stOpS  ft! 3

Tlnlc at
40-foot
chamber

stop  min!
on oxygen>

Surface
interva� Surface4

60 50 40 30

52 2:482:4870

23:482:4890 15
a120 2:48 23 31:48

39:482:28150 31

2:48 e 7.4839180

3:123:124080

23: 121470 3:12

Q U X
I-
0

Z

CC
Ql

Z

V

29:123:12 2085

35:12263:12100

40:
313:12115

46:1237130 3:12

53:123:12150

32 3:3690

23: 36143:3660

29;36203:3670

3:36 2580

90 39:36303:36

43t 363:36100

48:3639110 3: 36

52: 363:36 43120

57: 36483:36130

4:0026

24:001450

30:002060 4:00

36:002670

32ll 80

48:003890

444:00100

59: 00494:00110

63: 00534:00120

See footnotes st end ol' table.

TABLE 1 � 15.� Surface decompression rabte using oxygen

tFORMERLY TABLE 1-17, 1963 DMNG MANUAL!

Depth Bottom Time to
 ft, gage! time 6rst stop

 min! l or surface 2

Z

K
0

Q Z

x

as

R

6
Z

0 Z

D
Z

CV



Total
de�co-
mpr�esst

time
 min: sec! 7

Time  min! breathing air
at water stops  ft! ~

Time at
40-foot
chamber

stop  min!
on oxygen~

Surface
in terval4

Depth
 «Sar!

Bottom Time to
time first stop

 min! 1 or surface '-
Surface a

40 3060 50

4:24
4:2422110

22: 24124:2440
29:241950 4:24
36: 242660 4:24
43: 2433jj 70 4:24
51: 124080 3:12
58: 124690 3:12
66;12513:12100
76:12

3:12 0 12110

4:48
4:4818120

19:48
30 4:48

26:48164:4840
34:482450 4:48

60 3:36 32
53:36393:3670

463:3680
72:12

3:1290
546 15100 3: 12

5:12
5:1215130

23: 121230 5:12

2

32: 12215:1240
43: 002950 4:00
53:0037tj 60
63:00454:0070
75: 365180 3:36
89: 365612103:3690

5:36
5:3613140

22: 36
5:3625

155:3630
31:36205;3635
37:24244:2440
44:24294:2445
50: 24334:2450

'55
56: 24384:24
62: 24434:2460
70:0048

65 4:00

70 3:36
79: 3651

TABLE 1- 15. � Surface decorrtpression table using oxygen � Continued

zQ 0 Q 2 x Os
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ThBLE 7.-15,-Sttrface decoritpression lab!e using oxygen-Contutued

Time  min! breathing air
at water stops  ft�

Total
de comp-r

esslonn
time

t min: sec! 7

Time at
40-foot
chamber

~ cop  min!
on oxygen>

Depth Bottom
 ft, Iptge! tune

 ntin! I

Surface
in cervai4

Tu?Ie to
Srst stop

or surface 2
Surface 6

60 50 40 30

0 00

25 0

1800

38:484:4835 0 0 0

48:244:24 27

57:244:24 0 33

850 66:00384:00 0

3:36 77:364455

6:24 0160

6:24 020

28:24166:24 025

35:12215:12

48:48264:48 0

61:24324:2440 0

g45

6:486:48 0 0170 0

25:48136:48 0 0 020 0

31:48196:48 00

44:12235:12

57:48294:48 0

g40 72:?4364:24

Surfacing: Oxygen breathmg during thi ~ 2-minut ~ period
shall follow without interruption the period of oxygen
breathmg cabulatcd in col. 6,

7Total decompression time in minutes and mconds. Itus time
includes:
a, Time o  ascent from che bottom to thc Arst stop at 25

feet pcr minute, coL 3.
b. Sum of tabulated water stops, cul, 4.
c. One minute becwecn water stopr,.
d. The surface interval, col. 5.
c, Time at 40 feet in the recomprcssion chamber, col. 6.
f. Time of ascent, an additional 2 tninutcs, fram 40  cet to

thc surface, coL 7.
'%e tocsl decompression time may be shortened only by
decreasing thc cime required to undress the diver on deck.

gThcse sre the optimum exposure times for each depth and
represent for ihe average diver, the best balance of safety,
kngth of work period, snd amount of useful work,
Exposure beyond these limns of time h permitted only
under special conditions.

50

ITIme mcerval in minutes from leaving the surface to having
the bouom.

2Time of ascent in minutes and seconds to the first stop or to
the surface at a rate of 25 feet per minute.

%assr stops, Time spent at tabulated stops using air. If no
water stops ate required, use a 25.Coot-per-minute rate of
~ sccnt to thc surface. lAcn water staps are icquircd, usc s
25-faot-per-minuce rate of ascent co thc ftra scop. Take an
additional minuce between stops. Use I minute for chs
ascent Crom 30 fcct to chc suzfacc.

Surface interval: The surface interval shall noc exceed 5
rninuces and is composed of che followmg ~ laments'.

Time of ascent from the 30-foo  water scop to the
surface  I minute!.

b. 'Time on thc surface far landing the diver on deck and
undrcsnng  not to exceed 3 mmutes and 30 seconds!,

c. Time of descent in the rccompression chamber from the
surface to 40 feet  about 30 seconds!.

5Scc Table l � 32, paragraph  I 0!.
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Chamber stops
 air,'  min!

Time at water stops  min!
Total

ascent tllile
 min:sec!

Time to
first stop
 min: sec!

Bottom
time
 min!

Depth  ft! 1020 10

14:30
23040 :30

18: 30
250 :30

22:3030270 15
26:3019:30

12:40
12050 40

17:4010:40140
28:4021160 40
36:4029:40180
42:408 A z 4 0 V P3540
47:4040220 :40
54:4047240 :40

14: 50
8060 :50

21: 501450
26 33:50;50120

46: 5039140 :50
55:50

63: 50
180 :50

80: 10:40

16:001:006070
22:0014

70
26:00181:0080
31:0023

90
41:0033
52: 2041:5Q110

47 59: 20
:50120

66: 205250
56 72:20

140 :50
78:206150150
93:207213160 :50

106:207919170 :50

10 18:101:105080
25:101:1060
31:10

1:1070
42: 30311:0080

391;0090
65:3046
74:305313110
81:3017

120
90.3019130

126:30

146:30
692626140
773232150

51

TA8LE 1 � 16.� Snrjace decompression table nsing air
 FORMERLY TABLE 1 � 18, 1963 OIVlNC MANUAL!



Chamber stops
 air!  min!Deph Total

ascent time
 min:eec!

Bottom Time to
time Rrst stop
 min!  min:sec!

Time at water stops  min!

20 1020 1050 40 30

15:204G 1:20

50 1:20
90

18 26:20

33:202560 1:20
45:407 30

13 40
1:1070

71:4080 1:10 13
89:4018 481890 1:10

54 101:40

61 114:40
21100 1: 10 21

241:10110
32 68 137:40
36 74 156:40

120 1: 10 32

36

9

U

5

23:30151:3040
3 24
9 28

17 39

35:5050 1:20
45:5060 1:20
64 5070 1:20

23 48 99:501:2080
57 111:50232390 1:10

23 66 124: 50231:10
34 72 155:5010110 1:10
41 78 177: 50411:10 12120

15:401:40110
33:003 21

8 26
1:3040

43:0050 1:30
18 36 78:00181:3060

48 101:002370 1:20
23 57 116:00

30 64 142:00
2380 1:20

1290 1:20
37 72 167:00151:20

14:501:5025120
14 22:5030 1:50

39:105 25

15 31
22 45

1:4040
67:�1550 1:40
97: 102260 1:30

23 55 116: 102370 1:30
63 138:102715 271:3080

37 74 173: 10371990 1:30
80 189:1045231:30

19:001025
30:203 18

10 25
21 37

1:5030
51:201040 1:50
88:20211:4050

52 113:20232360 1:40
61 131:202424161:4070

35 72 170:20
45 80 203:20

3 19
8 19

3580 1:30
90 1:30 45

ThBLK 1-16,� Surface decompression tabte asing air-Continued



Chamber stops
 air!  min! Total

ascent time
 min:sec!

De th
  t!

Time at water stops  min!Bottom Time to
tune first stop
 min!  min:sec! 10201030 2050 40

15:102:1020140
3 14

5 21
25

37:3030 2,:00
66:3016 262 16

6 24

16 23

1:5040

50 1:50
23 561:5060

161:3032 6819 3270 1'.40
79411:40 23 411080

19;4020 2:10150
31:40172:10

4 z ot

z CI

V X & 0 0 z U sr
D Z 0 X

46:408 24

19 33

23 51

26 62

39 75

0 2:10
82r405 192:0040

115:4012 2350 2:00
142:4019 261:5060
189:4019 39

19 50
70 1:50

227:40
80 1:40 17

20 2:20160
40:502:2025
55: 502530 2;10
98:5023 392340 2:10

125:5023 5516 2350 2:00
169: 5033 69332:00
214:5022 441770 1:50

18:00
170 2:3015

1520 2:30
46:002:2025
63:001330 2:20 4 13

23 4510 2340 2:10
137:0023 6118 23

22 37
50 2:10

37 74152:0060
239:0051 8670 2:00 511917

19.'10
15180 2:40

35'101720 2:30
54:1010102:3025
74:1017 27

23 50
1730 2:30

120:10142:2040
162:1030 65301950 2:10

60 2;10
216:1044 81195 16

TABLE 1 � 16.� Siirf ace decompression ta6le sasirig air � Continued



TABLE ! � 16.- Sttr face decorrtpressiort tabife ttsirtg air � Continued

NOTE. � The ascent rates tn this table are 60 feet per minute to the first stop, between stops and to the surface in the water and in
the chamber, '%e descent rate in the chamber is also 60 feet per minute, The total ascent time may be shortened only by
shortening the surface intervah
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APPENOIX B

AIR SUPPLY SYSTEM  G.G. BROWN BUILDING!
AND

AIR PURITY SPECII=ICATIONS

PRIMARY A'IR SYSTEM

 G. G, Brown Building, Fig. 13!

To Stop A Compressor:

55

Normally, one compressor is "ON" at all times,
it automatically engages to pump air when the pres-
sure in the air receiver drops. Prior to pressurization,
an attendant should assure that a compressor is "ON"
and drain moisture accumulations from the air re-
ceiver-moisture separator tank. The moisture is
drained by opening a valve on a pipe extending from
the lower portion of the tank  east side!. Allow air
and moisture to discharge into floor drain for at least
5 min or until no more moisture is evident in the dis-
charge. A 12-inch crescent wrench may be used for
opening the discharge valve.

If the compressor is not operating, or it is neces-
sary to activate the other compressor, use the following
procedure:

1. Check compressor cylinder lubricator oil level
 sight glass!. The level must never drop below 1/3 full.
Add Stanail Industrial Oil No. 31 if necessary.

2, Check compressor crankcase oil level; it inust be
near thc center of the sight glass.

3. Turn the power and drive motor for the ap-
propriate compressor at the main power panel on the
southeast wall of the room. It may be necessary to
depress the restart button,

4. Turn selector switch on the compressor con-

trol panel to either "ON" position.

5. Check crankcase oil pressure gauge. It must
read between 25 and 30 psig: if below 20 psig, TURN
COMPRESSOR OFF.

6. Check intercooler pressure; it should read be-
tween 22 and 30 psig when the compressureis pumping
OII .

7, Observe air pressure gauge until it reaches ap-
proxirnately 100 psi and the compressor disengages.

8. Drain air receiver as indicated.

1. Turn selector switch on the compressor con-
trol panel to the "OFF�" position.

2. Turn off drive motor at the main power panel.

Additional instructions for compressor operation
are posted on the compressors, If a compressor mal-
function is suspected, contact the proper authorities.
Telephone numbers for compressar repair and main-
tenance service are posted in 1038 G. G, Brawn.

EMERGENCY AIR SYSTEM OPERATION
�038 G. G. Brown Building!

The emergency air system consists of banks of
high-pressure air, a regulator, and appropriate lines and
fittings to connect the system to chamber piping. Nor-
mally, three banks of 6--300 cf of high-pressure cylin-
ders will be available in the chamber room. These
banks should be gauged on a regular schedule and
maintained "FULL" between treatments. They are
charged with a high-pressure compressor; instructions
for compressor operation are posted on or near the
compressor.

Prior to starting treatment, attach a regulator to
one air bank. A regulator labeled "EMERGENCY AIR
REGULATOR FOR CHAMBER" is located in equip-
ment locker no. 4, Attach regulator to bank mani-
fold and ensure that regulator is deactivated by turning
pressure selector in counter-clockwise direction until
it turns without resistance, Turn on one cylinder
valve slowly and ensure that regulator is functioning
by turning pressure selector in a clockwise direction
until a small amount of air discharges. Deactivate
regulator and ensure that all cylinders are full. Attach
emergency air supply line to the regulator outlet.
With the primary air supply valve closed, insert the
quick<onnect coupling inta the chamber supply line
fitting  labeled! on west wall of room. Activate emer-
gency air flow briefly. Set regulator at approximately
200 psig. Close manifold valve on air bank and drain
the regulator and supply line. The air bank with re-
gulator and supply line attached may be disconnected
and stowed near by in readiness during treatment.

In the event of an electrical power failure or mal-
function of the primary air compressor system, initiate
the following emergency procedures to supply air to
the chamber .'

1. Immediately dose all chamber inlet and
exhaust valves.



2, Cyoie thc piirn,iry;iir supply v,ilvc Iuc,<ted on
thc west wall ol thc rooin, I-ailurc to close this valve

will resul t in It<vs <i  orner< cncy,<i<.

bc analyzed periodically to cnsurc purity for breathing
in,icc<ird,incc with the following specifications:

3. Connect emergency,iir supply litic.

4. Open air hanl' manifold vilvc.

5. Continue <iormal v<'.nti ation pr<>cedurcs;,<cljust
emergency supply regulator,is <]ceded. 'Maximum total vo.'atilc

hydrocarbons6. If electrical p<iw<r is still f<<n<.tio<iing go to thc
compressor room, turn off thc malfuncti<iiiing c<im-
prcssor,,i<id < iirn on the standby coinprcssor. It may
only bc necessary t<> r<istart thc compressor th,it
stopped.

0.000005'<~a  .05 ppm!Ma x i mum tot a I ox id es

Oust and droplets of.
w<iter and oil

7. I ,i mallu<i<.tion is suspected, rccjucst emer-
gency complcss<ir scl vice. Appr<ipri,ilc numbers arc

p<istcd in thc chamh< r room,
AbsentOdor

l3rcathing air f<>r <.h,iitihci prcss<rrirati<an an<i vcn-
til,ition must bc Iree I rom curb<in nion<ixide, carb<in
dioxide, o</ <'upor, and <rthcr i<npuritics. I he air should

I or details on air testing and air system maintenance,
c<insult U.S N,ivy �970a!, Somcrs  I 972!, and thc
compressor manufacturer's maintenance manual~.

F I G UR E 13 Primary Air Supply System

AIR PURITY SPECIFICATIONS

Oxygen

Ivlaximum carbon morioxidc

lvtaximum carbon dioxide

Atmospheric

0.001',i �0 ppm!

0,050!<< �00 ppm!

t!.001 la  'IO ppm!

Lack of any residue
aller passage ot 5000

cc of air through a
white membrane sieve

fill.er



APPENDIX C

VA LV E CAL I B RAT ION

where,

57

The standard procedure for determining volume
ventilation is to open the chamber exhaust valve a given
number of turns  or fraction of a turn!, which provides
a given number of cubic feet of ventilation per minute
at a specific chamber prcssure. Constant chamber pres-
sure during the ventilation period is then maintained
with the air supply or control valve. To calibrate the
exhaust valve, use the following procedure;

1, Mark the valve handle to facilitate relatively
accurate determination of the number of turns and
fractions of turns.

2. Compute the rates of ventilation at various
depths that are commonly needed in treatment. If
the air supply is ample, determination of ventilation
ratesfor 30, 60, 100, and 165 ft may be sufficient,
because the valve opening specified for a given flow at
one depth will provide at least that much at a greater
depth, It will be convenient to know the valve
settings for rates like 30, 60, or 120 cfrn because
these give a simple relationship between volume and
time. Be certain to use settings for ventilation rates
required at 30 and 60 foot stops that are compatible
with the chamber and normal number of occupants.

3. Determine the necessary valve settings for the
selected flows and depths by using the chamber it-
self as a measuring vessel and a stopwatch for timing.

a. Calculate the time required to change the
chamber pressure by 10 ft if the exhaust valve
setting were allowing air to escape at the desired
rate close to the given depth. Use the formula.'

T = time in seconds for chamber pressure to
change 10 ft,

V = internal volume of compartment being
used for test  cf!.

R = rate of ventilation desired in cfpm as
measured at chamber pressure.

P = chamber pressure  gauge! in feet of sea
water

b. Pressurize the empty compartment to 5 ft
beyond the given depth, Open the exhaust valve
a certain amount and determine the time required
for a change of 10 ft. For example, if checking for
a depth of 165 ft, pressurize to I 70 ft and clack
the time required for decompression to 160 ft,
Repeat the procedure while varying the valve
opening until you determine what setting will pro-
vide a rate closest to the calculated time. Calcu-
late times for other rates and depths and determine
settings in the same way. Make a chart or table of
valve settings,

This procedure is difficult with 1/4-turn ball valves
used on many civilian chambers. A reference tem-
plate may be required on the valve.



APPENDIX 0

OXYGEN MONITORING EQUIPIVIENT

BioMarine Industries' Model OA202, Portable Oxygen Analyzer

Scale: 0 -100/o

Response; 90o%%do in less than 20 sec.

Accuracy: + 1% of full scale.

APPLICATION NOTES

This unit is shown in Figure 14.

OPERATION
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A Biol4larinc Industries' Model OA202 Portable

Oxygen Analyzer is provided for university chambers
whcrc oxygen is used for therapy, research, or surface
dccomprcssion procedures. Oxygen level in hyper-
baric chambers should not exceed 25o/o.

In thc analyzer, oxygen is sensed directly by a
galvanic cell containing a gold cathode and a lead anode
in a ba~ic clcctrolytc, Thc cntirc cell is encapsulated
in inert plastic, The sensor face is a fluorocarbon poly-
mer. Oxygen diffusing through the cell face initiates
redox reactions which generate a minute current pro-
portional to the oxygen partial pressure. A tempera-
ture-compensated circuit converts the current to a
proportional voltage which is displayed directly on
thc meter face as oxygen percentage. This figure
must bc converted to actual oxygen percentage based
on the depth of the chamber; conversion procedures
and tables are included. The unit may be single-point
calibrated with gas mixtures of any known concentra-
tion within the range of the meter. Normally the unit
is calibrated with atmospheric air,

The following are specifications for the Model
OA202:

Calibration Linearity: + 1/o of scale at constant
temperature.

Temperature Compensation Frror: � 5%o in range
32o � 104o F

Pressure; 500 psi miximurn

Decompression Rate: 50 psi/min maximum

To operate the instrument, check on the cali-
bration and then use the instrument either for direct,
remote, or sample analysis.

I. Calibration: If the instrument is being used
to analyze oxygen levels below 50o/o, calibration can
be performed in fresh air, To calibrate, expose the in-
strument, or the extension sensor if connected, to air,
and the scale reading should be 21o/o, then rotate

the calibration screw with a small screwdriver until the

meter reads 21'/o.

If the instrument is being used to analyze oxygen
levels above 50'/o, calibration should be performed using
gas mixtures with a known high oxygen concentration
or with pure 100/o oxygen, The instrument face sensor,
or remote sensor if it is connected, should be exposed
to the gas. This can be done by placing the instrument
or remote sensor in a box or bag filled with the gas
mixture, and, after a period of a minute, adjusting the
calibration screw until the meter reading is set at the
known value of oxygen in the gas.

NOTE: For instruments which operate with the face
sensor and the remote sensor, calibration must be per-
formed with the sensor being used for analysis.

2 Analysis: After calibration is completed, the
instrument can be used in the following ways.

a. Direct Exposure: When the instrument, or the
remote sensor if connected, is placed in the atmos-
phere to be analyzed, the meter will show the per-
cent of oxygen concentration in the atmosphere
within one minute after exposure,

b. Sample Analysis: For certain applications,
the face sensor, or the remote sensor if attached, is
exposed to a sample of the gas being analyzed by
using adapters which direct the gas flow over the
sensor face.  See BIOMARINE BULLETIN No.
OA71. Application of adapters to 200 Series
instruments.i

1, High Humidity Atmospheres: If the instru-
ment, or remote sensor if attached, is in operation in
a high humidity atmosphere, it is advisable to ensure
that moisture does not condense and pool on the
sensor face. This can be achieved by placing the sensor
on its side so that any moisture will run off the face
after condensation.

2. Effects of Altitude: As altitude above sea

level increases, the amount of oxygen available de-
creases for a fixed percentage setting on the instru-
ment. This effect should be taken into account when
prescribing oxygen percentages at altitude.



MAINTENANCE
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This effect is generally not significant except
for altitudes several thousand feet above sea level.

3. Hyperbaric Atmosphere: lf the instrument,
or the remote sensor if attached, is in operation in a
hyperbaric atmosphere, the true oxygen percentage
may be calculated as follows:

t read'
0/a oxygen�

1 +  depth in fsw!/33

The following chart provides the necessary figures for
normal chamber operations:

Specific instructions and precautions:

a. Do not exceed a pressurization or depres-
sion rate of 50 psi/min. In normal practice, pres-
surize and depressurize at the same rate as a human
subject.

b. Pressurize instrument to treatment depth in
normal air environment and adjust calibration  if
necessary! for appropriate reading given on above
chart prior to introduction of excess oxygen into
the chamber atmosphere.

c. If the initial pressurization depth is to ex-
ceed 66 fsw, do not place the instrument in the
chamber. Wait until the chamber is decompressed
to 66 fsw or less and lock the instrument in through
the medical or man-lock. Oxygen partial pressures
beyond the equi vrrient of 100% at one atmosphere
or 760 mm Hg may damage the meter.

The instrument should be maintenance free under
most operating conditions, however, a certain amount
of preventative maintenance will ensure the continued
operation of the instrument and minimize the require-
ment for repair or replacement.

In the event of apparent failure, it is suggested
that you contact your local BMI representative. If

this is not convenient, contact Biolvlarine Industries,
303 W. Lancaster Avenue, Devon, Pennsylvania,

1, Preventive Maintenance: It is advisable to
perform the following operations on a routine basis.

a. Check and adjust the calibration of the in-
strument or its remote sensor once a week if used
under normal ronditions, and every 72 hrs if used
in extreme temperature and humidity atmospheres.

b. Clean the face of the sensor with a soft damp
cloth every month under normal conditions, or after
every use where high concentrations of contami-
nants were present.

2. Sensor Replacement: When the tace sensor,
or the remote sensor if connected, can no longer be
calibrated by adjustment of the calibration screw, even
after the sensor has been cleaned with a damp cloth, it
can be assumed that the useful life of the sensor has
terminated and it should be replaced.

To replace the face sensor, refer to Figure 15.
Remove the two screws  A! on the back cover plate
 B! and lift out the chassis  C!. Unscrew the face
ring  D! of the sensor, detach the two sensor wire con-
nectors  E! and remove the failed sensor. Connect the
red stripe and black stripe wires to replacement sensor.
 see Fig. 16!. Replace the sensor face ring and the back
cover plate and secure the two screws in the back of
the instrument. After calibration, the unit is ready
for use,

To replace remote sensor, simply remove from
remote sensor plug and discard. Plug in replacement
remote sensor. After calibration, the unit is ready
for use.

NOTE: Under no circumstances should an attempt
be made to disassemble the sensor body, This
would render the BMI warranty void,



Figure 14 Portable Oxygen Analyzer V ~Q~",
e,

5

Figure 15 Sensor Replacement

Figure 16 Sensor Replacement
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APPENDtX K

SCOTT DIVER'S INHALATOR WITH OVERBORAD DISCHARGE

DISASSEMBLY  See Fig, 17!

OPERAT'ION
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This appendix delineates operation and mainte-
nance instructions and replaceable parts information
for the Scott Aviation PtN 801238 � 00 Diver' s
Inhalator with Overboard Discharge  Pressure Vacuum
System!. The system consists of a mask fitted with
a demand regulator for oxygen supply, a varuum re-
gulator, and necessary hoses and fittings. The systems
differ only in the lengths of the supply and vacuum
hoses.

The assembly, mask, and regulators are intended
for use in administering breathing oxygen in a hyper-
baric chamber during decompression. The mask pro-
vides for a face seal to prevent oxygen leakage past
the seal to face interface. It can be held to the face
by hand or affixed by head straps.

The demand regulator is capable of providing
adequate flow by reducing the oxygen supply pres-
sure to a breathable pressure, It is also capable of
providing a constant flow by adjusting the control
knob into the constant flow position.

The exhalation regulator allows the exhaled
gases to be carried to an outside atmosphere by way
of a vacuum source system,

a, Connect the supply hose and the vacuum hose
to the proper chamber connections.

b, Ascertain the presence of the blow-out disc in
the housing on the rear of the vacuum regulator assembly.

c. Turn the supply and vacuum sources on.

d. Don the mask assembly, chin first.

e: Place the lower headband below the ears, con-
necting the right and left straps at the rear of the
head. Place the upper headband above the ears, con-
necting the right and left straps at the rear of the
head. Adjust the headbands for the most comfor-
table, snuggest fit.

f. Adjust the knob on the demand regulator assem-
bly for either demand operation or constant flow opera-
tion. Turning the knob to its fullest inward limit  clock-
wise! will provide constant flow, and turning the knob
to its fullest outward position  counterclockwise! will
provide demand operation.

g, After use, remove the mask, turn the vacuum and
supply sources off and disconnect the supply and vacuum
hoses from the chamber connections.

Use the following procedure to disassemble the system,
Disassemble only to the extent shown. Disassembly be-
yond the extent shown may result in permanent dam-
age to the system.

a. Unthread supply hose � or 2! at the demand
regulator asse rbbl.

b, Open clamp �! to allow removal of exhaust
hose � or 4! from the vacuum regulator; then remove
clamp �!.

c. Remove gasket �! from end of hose � or 2!.
d. Remove sleeves �! then screens �A! from

hose � or 4!.

e. Slide grommets  8! off hose assemblies.

f, Remove the demand regulator assembly by re-
moving nut  9! and washer �0!.

g, Remove cover assembly �1! by spreading and
removing clamp �2!.

h. Lift diaphragm assembly �3! out of case
assembly �7!.

i. Remove clamp �4! and spring �5!; thenre-
move stem assembly �6! from case assembly �7!.

j, Remove the vacuum regulator by removing nut
�8! and washer �9!.

k. Remove cover �0! by spreading and removing
clamp �1!.

Lift diaphragm and stern guide assembly �2!
out of case assembly �6!.

rn. Slide spring �3! off valve assembly �4! then
remove valve assembly from case assembly �6!.

n. If the regulator is fitted with either a rubber
plug or a blow-out disc assembly, obtain teflon plug
�5! and follow the procedure outlines on modification
instruction sheet, P/N 89026-00 enclosed with the plug.
NOTE: Do not remove plug from regulators where
it has aiready been installed.

o. Unsnap headbands �7! from facepiece assembly
�8!.



INSPECTION

Usc thc following procedure to inspect thc
system following each use:

a. Inspect hoses, mask Iacepiecc assembly, head-
bands and diaphragms for rips, tears, and punctures,

b. Inspect threaded I'ittings for burrs and cross-
ihrcading.

Inspect for missing or damaged hardware, such
.is screws, washcrs, nuts, grommets and clamps.

d. Inspect thc mask assembly for fasteners pulling
out or identification plate rivet pulling out.

c. Inspect all metal parts for burrs, nicks, dents,
cr,icks and corrosion.

REPAIR AND REPLACEMENT

Repair of parts, other than removing burrs and
chasing threads, is not recommended. P~rts requiring
repair should bc replaced and the replaced component
returned to Scott Aviation or a qualified overhaul
fac i lit y.

a. Rcplacc all rubber part» at least once every five
ycdl s.

b. Replace screens �A! whenever removed.

CLEANING

a. Periodic external cleaning of the unit should bc
pcrforrned monthly or as required during use.

b. Wash the entire unit, except the regulator assem-
blies, with a solution of detergent or soap and warm
water.

CAUTION: TAKE CARE THAT WATER DOES NOT

ENTER THE REGULATOR ASSEMBLY OPENINGS

DURING CLEANING PROCEDURE.

c. Wipe the outside of the regulator assemblies
with a clean cloth  slightly dampened in clear water!
and wipe dry with a lint-free cloth.

WARNING: USE PRECAUTIONS WHEN HANDLING

ETHYL ALCOHOL SINCE THIS CHEMICAL IS

FLAMMABLE.

d. Clean and disinfect the mask facepiece assem-
bly and headbands by washing with a solution of
detergent or soap and warm water, Sponge the com-
ponents with a 70/i solution of ethyl alcohol or a 2/a
solution of creosol and allow to completely air dry for
a minimum of two hours.

WARNING: USE PRECAUTIONS WHEN HANDLING
TRICHLOROETHYLENE SINCE THIS CHEMICAL
lUIAY BE HARMFUL TO THE OPERATOR.

e. Metal parts which have been contaminated can
be cleaned using a vapor degreasing method with
stabilized trichloroethylene conforming to MIL � T�
27602.

REASSEMBLY  see Fig. 17!

WARNING: DO NOT ALLOW OIL, GREASE OR
FLAMMABLE SOLVENTS TO COIVIE IN CON-
TACT WITH PARTS THAT WILL BE EXPOSED
TO PRESSURIZED OXYGEN. SUCH MATERIALS
AS WELL AS DUST, LINT AND FINE METAL
FILINGS ARE ALL POTENTIAL COMBUSTI-
BLES WHICH MIGHT, WHEN EXPOSED TO
OXYGEN UNDER PRESSURE, IGNITE AND
RESULT IN AN EXPLOSION.

a. Snap headbands �7! onto fasteners in face-
piece assembly �8!.

b. Install teflon plug �5! in case assembly �6!,
if the regulator has not been previously modified.
Use the procedure outlined on modification in-
struction sheet, P/N 89026-00, which is enclosed
with the plug.

c. Place spring �3! on valve assembly �4! and
mount in the outlet port of case assembly �6!.

d. Install diaphragm and stem guide assembly �2!
in case assembly �6! with lip of stem guide under
stem of valve assembly �4! and lip of diaphragm in
groove provided in case assembly �6!.
NOTE: Insure that diaphragm is free of crimps,
bulges or wrinkles.

e. Place cover �0! over diaphragm and secure
with clamp � I !.

f. Install the vacuum regulator assembly on the
right side  as worn! of facepiece assembly �8! using
washer �9! and nut �8!.

g. Install stern assembly �6! in case assembly �7!
inlet port; slide spring �5! over stem assembly �6!,
then install clamp �4!, Secure the clamp to the stem
assembly using a small amount of Eccoceram CS
bonding material  manufactured by Emerson and
Cuming Inc,, Canton, Massachusetts!.

h. Install diaphragm assembly �3! in case assem-
bly �7!, with lip of diaphragm in groove provided in
the case assembly.
NOTE: Insure that diaphragm is free of crimps,
bulges or wrinkles,
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i. Place cover assembly �1! over diaphragm and
secure with clamp �2!.

9 10
//

0Q
j, install the demand regulator assembly on the

left side  as worn! of facepiece assembly �8! using
washer �0! and nut  9!.

k, Slide gromrnets  8! onto hoses � and 3 or
2 and 4!; then install sleeves �! in both ends of
hose � or 4! after wrapping screens �A! around
sleeves �!, close to thc small cnd of the sleeves.

'I. Insert gasket �! in hose � or 2! and slide
clamp �! over regulator end of hose � or 4!.

m. Thread hose  I or 2! fitting onto the demand
regulator and secure hose � and 4! to thc vacuum
regulator with clamp �!.

TROU BL ESKOOTI NG

The following chart presents the most coinmon
troubles occurring with the unit together with their
probable causes and remedies.

OVRRROARO O'IRCHARGR

REMEDYPROBABLE CAUSETROUBLE

Tighten fittings

Replace fittings
Loose connection

Cross threading in fitting

Tighten fittingLoose fitting at demand
regulator

Loose or damaged hose
clamp at vacuum
regulator

Tighten or replace
cia mp

Replace nut

Replace nut or
regulator case

Loose nut

Cross threading of nut or
regulator case

Reconnect fittings

Replac hose

Straighten hose
Damaged supply hose

Crimped supply hose

Reconnect fittings

Replace hose

Straighten hose
Damaged vacuum hose
Crimped vacuum hose
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Leakage at chamber su pp ly or
vacuum connection

Leakage at connections to re-
gulator assemblies

Leakage at mating of regulator
assemblies and mask

No oxygen flow to mask assembly

No evacuation of user' exhalation

Open connection at chamber
or demand regulator con-
nectors

Open connection at vacuum
regulator or chamber con-
nectors





FORMS
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UNIVERSITY OF MICHIGAN SEA GRANT PROGRAM

UNDERWATER TECHNOLOGY LABORA7DRY

HYPERBARI C UNIT

RECOMPRESSI ON THAI NING RECORD

NAME OF STUDENT Mst, first, middle initial! DIVE TABLE USED DATE

PHYSICIANINSIDE ATTENDANTCHAMBER OPERATOR TIME KEEPER

TIME
OTAL DECOMPRESSION TOTAL DIVE EXIT CHAMBEPRESSURIZATION START TOTAL BOTTOM

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ F oV92 ~ ~ ~ ~ ~ ~ t ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ' ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ 4 ~ ~ ~ ~
~ ~ ~ ~ 4 ~ ~ 4 ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~

OXYGEN TOLERANCE TESTDIVE

SECHRSHRS MINMIN SEC

00 ON OXYGEN00LEAVE SURFACE
OFF OXYGENREACH FT.

FAILPASSLFDVE FT.

REACH FT. OXYGEN CYLINDER PRESSURE

PSIGSTARTLEAVE FT.
FINISH

TIME AT STOP

PSIGREACH FT,

LEAVE FT. MAXIMUM DEPTH

40REACH 30 FT.

LEAVE 30 FT. FT.

30REACH 20 FT.

LEAVE 20 FT.

REACH 10 FT. 20

LEAVE 10 FT-

RFACH SURFACE 10

REMARKS

CHAMBER SUPERVISOR SigruzMre!
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HAMBER OPERATOR Signature!

OTHER STUDENTS IN CHAMBER



UNIVERSITY OF MICHIGAN SEA GRANT PROGRAM

UNDERWATER TECHNOLOGY LABORATORY

HYPERBARIC UNIT

TREATMENT RECORD

NME OF' PATXEbTZ Zasta, fz~st, mz e znz0zaI! DIVE

PHYSICIANINSIDE ATTENEPÃlCHAIR OPERA%K TIME KEEPER

TIME

PRESSURIZATION START

OXYGEN THERMAE

LEAVE SURFACE

REACH FT

ON OXYGEN

LEAVE FT

10 FTREACH

LEAVE 10 FT

REACH SURFACE

OFF OXYGEN

SAP'%, MEDICATIONS, AND CCNWPZS:

KK INDER PRESSURES

OXYGEN I

OXYGEN II

AIR I

AIR II

AIR III

TIMES FOR ADDITIONAL PERSCNNEL PRESSUPJZH!
ENTER memER Zrrrxm TIME DmmRESSZm

CHMBER OPEPATOR Szgnatur e! A1TENDIM: PHYSICIAN Szgnature!
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TREATiifENT SCHEDULFS FOR AIR Et'H30LDS AND DECOtPRESSION SICk~S

I INSTRUCTIONS FOR USE IN HYPERIIARIC CHÃIBER ATTENKKf 'S HANDBOOJQ

TABLE 6A
00LEAVE SURFACE00 00LEAVE SURFACE

<EACH 60 FT

00
REACH 165 FT

COMPLETE 30/AIR
LEAVE 165 FT

:O~fPLETE 20/0
�OMPLETE 5/AIR

ASCENT 4/AIR.OMPLETE 20/02
LEAVE 60 FT REACH 60 FT

COMPLETE 20/02
COMPLETE 5/AIR

ASCENT 30/02
REACH 30 FT

OMPLETE 5/AIR COMPLETE 20/02
COMPLETE 5/AIR:OMPLETE 20/02

OMPLETE 5/AIR
%SCENT 30/02
REACH SURFACE

COMPLETE 20/0
COMPLETE 5/AIR
LEAVE 60 FT

ASCENT 30/0
REACH 30 FT

COMPLETE 15/AIR
COMPLETE 60/02
COMPLETE 15/AIR
COMPLETE 60/02
LEAVE 30 FT

ASCENT 30/0
REACH SURFACE

0000LEAVE SURFACE

REACH 60 FT

LEAVE 60 FT

REACH 100 FT

LEAVE 100 FT

REACH 165 FT

LEAVE 165 FT

REACH 140 FT

LEAVE 140 FT

REACH 120 FT

LEAVE 120 FT

REACH 100 FT

LEAVE 100 FT

REACH 80 FT

LEAVE 80 FT

REACH 60 FT

LEAVE 60 FT

REACH 50 FT

LEAVE 50 FT

REACH 40 FT

LEAVE 40 FT

REACH 30 FT

LEAVE 30 FT

REACH 20 FT

LEAVE 20 FT

REACH 10 FT

LEAVE 10 FT

REACH SURFACE
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UNIVERSITY OF MICHIGAN

SEA GRANT PROGRAM

UNDERWATER TECHNOLOGY LABORATORY

CONSENT FOR PRESSURIZATION IN HYPERBARIC CHAMBER

ACKNOWLEDGEMENT OF RISK

This hyperbaric chamber is used «1th certain precautions to prevent
injury to participants. Pressure changes on the body can cause serious
injury lf any of these conditions are present or «ere present in the past:

Upper respiratory infection  presently or ln the last week!
Bronchoapase  «heeslng or asthma!
Repeated pneuaonlas, pleurisy or pneueothorac  collapsed lung!
Calclua scars in the lung
Emphyseea or severe fibrosis of the lung
Cavities, air pockets, or bullae in the lung
Previous chest surgery or radiation
Diabetes or epilepsy

If any of the above are present, consultation with the University's
hyperbaric physician «ill be necessary before pressurlzatlon,

As in diving, any inability to equalize pressure ln the ears, or
severe sinus difficulty vill cause severe pain and possible future hearing
lapairaent. On depreaauriaatlon one mst breathe norisally as breathholdlng
can cause air eabollsation and possible pneumothorax  ruptured lung!,

I, the Undersigned, do hereby certify that ! have successfully coepleted
a nationally recognized training course ln skin and scuba diving and/or that
I have received a special orientation to pressurization ln a hyperbaric chamber.
I do acknowledge that I aa fully aware of the nature of pressurization ln a
hyperbaric chaaber with specific reference to the fact that pressure changes
on the body can cause serious injury if various respiratory abnormalities,
or conditions «hlch result in unconsciousness are present or «ere present
in the past. I hereby certify that, to Isy knowledge, I have no sedicai
probleas that are inconsistent «1th high level physical exertion and the
specific requireeents related to diving or chamber activity. I further
ackno«ledge that I aa a«are of the potential risk involved «ith diving
and/or pressurization in a hyperbaric chamber and that I openly accept
these risks.

WITNESS:
Signature of Participant

DATEc
Signature of Parent or Guardian

«here applicable
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THE UNIVERSITY OF MICHIGAN

SEA GRANT PROGRAM

UNDERWATER TECHNOLOGY LABORATORY

WAIVER, RELEASE AND INDEMNITY AGREEMENT

For and in consideration of per«ission to participate in hyperbaric
cha«ber and Underwater Technology Laboratory activities and related
instructional courses given by Sea Grant Progra«, University of Michigan,
City of Ann Arbor, County of Mashtenaw, and State of Michigan, the Under-
signed hereby voluntarily releases, discharges, waives and relinquishes
any and all actions or causes of action for personal injury, property
da«age or wrongful death occurring to hl«/herself arising as a result of
engaging or receiving instructions in said activity or any activities
incidental thereto wherever or however the sa«e «ay occur and for whatever
period said activities or instructions «ay continue, and the Undersigned
does for hi«/herself, his/her heirs, executors, ad«inistrators and assigns
hereby release, waive, discharge, and relinquish any action or causes of
action, aforesaid, which «ay hereafter arise for hi«/herself and Cor his/
her estate, and agrees that under no circu«stances wil he/she or his/her
heirs, executors, ad«knistrators and assigns prosecute, present any clai«
Cor personal injury, property da«age or wrongful death against the Univer-
sity of Michigan or any of its officers, agents, servants, or e«ployees Cor
any of said causes of action, whether the aa«e sha}1 arise by the negligence
of any oC said persons, or otherwise. IT IS THE INTENTION OF THE UNDERSIGNED
BY THIS INSTRUMENTS TO KKKMPT AND RELIEVE THK UNIVERSITY OF MICHIGAN FROM
LIABILITY FOR PERSONAL INJURY, PROPERTY DAMAGE OR WRONGFUL DEATH CAUSED
BY NEGLIGENCE OR OTHERMISK.

The Undersigned, for hi«/herself, his/her heirs, executors, ad«inis-
trators or assigns agrees that in the event any claia for personal injury,
property da«aga or wrongful death shall be prosecuted against the University
of Michigan he/she shall indem}fy and save har«less the sa«e University of
Michigan fro« any and all clai«s or causes of action by «ho«ever or wherever
«ade or presented for personal injuries, property da«age or wrongful death.

The Undersigned acicnowledges that he/she has read the foregoing two
paragraphs, has been fully and co«pletely advised of the potential dangers
incidental to engaging in the diving and instruction activity and is fully
aware of the legal consequences of signing the within instru«ent.

MITNESS:
Signature of Participant

DATED!
Signature oC Parent or Guardian

where applicable
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THE UNIVERSITY OF MICHIGAN

UNDERWATER TECHNOlOGY LABORATORY

HYPERBARIC CHAHSER

PARENTAL OR GUARDIAN~S RELEASE AND INDEMNITY AGREEHENT

The Undersigned, being the parent, guardian, or person having the
care and custody of
 «incr's na«e! does hereby consent that his son/daughter/ward «ay parti-
cipate ln the hyperbaric cha«ber activities and instruction and in
consideration of The University of Michigan of Ann Arbor, Michigan, per«tt-
ting our to so participate, does hereby covenant
and agree not to sue The University of Michigan of Ann Arbor, Michigan, for
any clai« which «ay arise out of the afore«entioned activity, and does
further agree to inde«nify and hold har«less the said University of Michigan
of Ann Arbor, Michigan fro« any clai« which our son/daughter/ward «ay clal«
fro« the afore«entloned activity.

Signature of Parent or Guardian

Signature of Participant
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THE UNIVERSITY OF MICHIGAN

UNDERWATER TECHNOlOGY LASORATORY

TO: Hyperbatic Chamber Visitor

Pressurisation in Hypetbaric ChamberSUBJECT:

Welcome to the Underwater Technology Laboratory. Those individuals who
will be undergoing chamber orientation and pressurisation ssjst read and sign
the medical information form and xelease forms prior to entering the chamber,
Smoking in the laboratory is prohibited, The chamber attendant will ask the
following:

Have you had: a, a good night's sleep2
b. any heavy drinking  past 12 hours

c. a recent cold2
d. hospitalI.sation or serious illness  past year


When you have been approved for entering the chamber please stay cieax' of
the chamber door and control area while the chamber $s in operation.
Unauthorised persona are not allowed to handle conttol valves or watches.
However, temain in the area so as to be available when your name is called
for your ptessurisation.

Prior to entering the chamber, it is mandatory that you remove yout shoes
and all objects such as cigarettes, lighters, matches, pens, paper, etc. ftom
your pockets as a safety precautfon. It is also necessary to remove your watch
 except diving watches!. Loosen belts and restrictive clothing.

Post Dive Procedutes: After completion of the pressurisation, you are to
remain in the building for one hour and should remain in the Ann Arbor area
for 12 hours, Do not fly for at least 12 hours ot more ff so instructed.
If you should feel any unusual symptoms such as pain in joints, respiratory
distress, mental confusion, etc , contact Dr. Hartin Nemitoff of the
University Hedical Center by telephonfng 764-9522 or 764-9f30 or at home,
761-7928. Thank you fox observing our safety procedures and regulations,
Please catty the "MEDICAL KHERGKNCY IDENTIFICATION CARD" on youx' person for
24 hours after pressutfsatfon. We hope that this has been a pleasant and
educational experience and wish you the best fn the field of diving,
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When enteting the chamber, please be seated so as not to be in cramped
position. Theta will be a qualified attendant operating the chamber and
controlling pressure. When the air is turned on by the attendant, it will be
noisy and the pressure fncrease vill be felt. Start equalising pressure in
your ears immediately by yawning, swallowing, or holding your nose and trying
to force air out. Should you experience ttouble equalfsfng or pain in your
ears, raise yout hand and the attendant will stop pressurisatien. When pressure
equalfses in yout ears and pain is no longer felt, inform the attendant  OK
sign or telephone! and he will continue ptessuttsation. During ptessurisatfon
there will also be a noticeable increase in chamber temperature; remove outer
shirt if necessary to avoid excessive petspirfng. During your stay at depth
periodic bursts of air will be used to ventilate the chamber. The attendant
wfll inform you when he is ready to depressurise the chamber, Sreathe normal-
ly during deptessurisation; do not hold goer breath. The chambet air tempera-
ture will cool significantly and a water vapox fog will form in the chamber.
Do not be alarmedf the attendant will clear the fog when you reach decompres-
sion depth. Do not handle the chamber door assembly when under pressure,
especially during decompression.



The University of Michigan � Underwater Technology Laboratory
Hyperbaric Chamber Personnel Identification

Name

Date of Pressurization
DepthTime Under Pressure

Time Decompression Completed

Chamber Attendant
EMERGENCY CONTACT NUMBERS:

The University of Michigan Medical Center
Martin !. Nemiroff M,D.

Hospital: �13! 764-9522, 764-9530 Horne: �13! 761 7928
Michigan State Police Operations Office, Lansing, Michigan

�17! 332-2521, Ext. 201
Note: Bearer, please destroy this card 24 hrs after pressurization.

MEDICAL EMERGENCY IDENTIFICATION CARD

The perxiin bearing this card may be suffering trom air embolism or
decompression sickness as a result of recent pressurization in a
hyperbaric chamber. Symptoms indicating these conditions include.
severe pain in arms and legs; weakness or inability to use arrm and legs;
dizziness; impairment of speech, hearing, or vision; headache; convul-
sions; unconsciousness; and/or respiratory arrest. Determine if the
victim hxc been exposed to increased pressure within the past 24 hciurs
 see date and time on reverse of card!. If so,

~ Administer artificial respiration immediately if victim is not
breathing and give first aid for shock.

~ Contact nearest physician and indicate that the victim is possibly
suffering from delayed symptoms of a diving accident. Indicate to the
physician the name of the physician given on the reverse side of card.

~ Follow physician's instructiom.
~ Physician may contact Michigan State Police Operations Office in

Lansing, Michigan for recompression instructions and may consult with
physician listed on reverse side of this card.
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APPENDIX 6

HYPE RBARIC CHAMBER ATT E NDANT

COURSE OUTLINE

A. Oblectives

1. To provide the student with a knowledge of
the characteristics of a hyperbaric chamber.

2. To acquaint the student with basic operational
and mai nte nance procedures.

3. To provide the student with practical ex-
perience in thc operation of a hyperbaric chamber.

4. To provide the student with necessary knowl-
edge for assisting medical personnel in treating diving
accidents and other illnesses requiring hyperbaric

oxygenation.

5. To acquaint the student with the basic prin-
ciples and use of treatment and decompression tables, 7. Tending the patient

a. Basic requirements
b. Medical evaluations
c. Assisting the physician
d. Medical kit

1. Application of hyperba"ic charnbcrs in treat-
ment of diving accidents and other illnesses

2. Role of the chamber attendant

3. Hyperbaric chambers

a. Types of chambers
b, UofM chamber

  I ! Va I v ing
�! Gauges

c. Lighting
d. Communications
c, Precautions in the use of the chamber

 I ! Lighting
�! Doors
�! Oxygen
�! Fire prevention
�! Other

4. Air supply for chambers

a. Compressors
b. Storage units
c. Pressure and volume requirements

d, Emergency

5. Chamber operation

a. Pre-dive checklist
b. Oxygen system
c. Regulator settings
d. Chamber ventilation

�! Flow meter
�! Valve calibration
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B. Outline of Instruction

e. Entering and leaving the chamber while
pressuri zed,

f. Use of medical lock.
g, Post-dive maintenance checklist
h. Cleaning and painting
i, Special safety precautions
j. Pressure testing
k. Fire prevention and extinguishing equipment

6. Handling oxygen

a. Cylinders
b. Mask
c. Overboard discharge system
d. Oxygen analyzer

8. Record and timekeeping

9. Standard decompression tables  review!

10. Treatment tables  selection and reading!

11. Review of case histories

12, Other applications of chamber and role of
attendant.

a. Research
b. Education
c. Procedures for handling group demonstrations

13, Practical exercises

a. Preparation for pressurization
b, Personnel evaluation
c. Pressurization
d. Ventilation
e. Record and timekeeping
f. Maintaining proper rate of ascent
g. Use of man lock and medical lock
h. Reading tables
i. Training dives

Simulated treatment




