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THE COLUMBUS LABORATORIES of Battelle Memorial Institute comprise the original A
- research center of an international organization devoted to research.
The Institute is frequently described as a “bridge™ between science and industry — a role it
has performed in more than 90 countries. As an independent research institute, it conducts
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INTRODUCTION

Naval divers often dive under hazardous circumstances in areas far
remote from recompression facilities. As a result, prior to 1968, SUPSALV had
approximately 150 inquiriec for a portable recompression chamber from combat
EOD and SEAL units in Southeast Asia and other activities involved in dixgng
from a wide variety of small surface craft where space is at a premium!l) Full-~
size chambers are located aboard repair ships and some shore activities, usually
at some distance from diving operations. Even where SAR Helicopters are avail-
able, one or more hours could easily elapse between notificatfion, pick-up, and
delivery of a patient to a large chamber. Therefore, the concept of a relatively
lightweight, collapsible, and easily transportable recompression chamber evolved.

At the request of the Navy Experimental Diving Unit on March 28, 1968,
the Pacific Missile Range at Point Mugu, California was given the task to design

and develop a portable collapsible recompression chamber that could be stowed

* References are given on page 19.
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aboard small surface craft.”” This chamber is to provide divers with immediate
on~the~spot treatment of bends and air embolism, and is designed such that it
can be used to transport the diver to a large double-lock recompression chamber,
where he could receive additional treatment under a doctor's care.

The: prototype chamber was designed to be supplied with pressurized
air from twin-90 scuba bottles. Each set of bottles would sustain the chamber
for 40 minutes if the diver is consious and able to use the inhaler. This
system of breathing gas supply is satisfactory for short duration (2 hours or
less) use where the diver is conscious. However, for accident cases where the
inhaler cannot be used, or where the diver must remain in the chamber for several
hours, the use of twin-90's for air supply becomes impractical.

Because of the feeling that the chamber chould have an adequate gas
supply for at least eight hours treatment on the U.S. Navy Diving Manual treat-
ment Table 1V53)8 brief study was authorized to compare various types of gas
supply systems for the portable chamber that could be used to supply breathing

gas to the patient for extended lengths of time.

S Y AND_CONCLUSTONS

The major emphasis of the study has been to determine the feasibility
of a reliable, portable, lightweight environmental control system for use with
the chamber. This report presents the results of the study and recommendations
for system development.

A tank-supplied open-circuit system for breathing-gas supply to the
portable recompression chamber is the simplest, easiest to operate, and most

reliable system. However, except for instances where a large supply of compressed




air is available, it is impractical. Semiclosed-circuit and compressor-supplied
open-circuit systems appear to offer excellent alternatives to the tank-supplied
system wichout an unreasonable increase in complexity. A closed-circuit system

does not appear to offer any major advantages for this application which would

offset its decreased reliability and increased cost.

RECOMMENDATIONS

Prototypes of a compressor~-supplied open-circuit system and a semi~
closed~circuit system should be developed for evaluation by possible usars. A

reliable communizations system shorld be a part of any collapsible recompression

chamber.

RESFARCH ACTIVITY

The study began with a determination of system requirements followed
by the identification of several feasible system approaches and was completed
with a brief comparison of these approaches. The results of the study are

descr "bed in the following report sections: (1) System Requirements, (2) System

Descriptions, and (3) System Comparison,

System Requirements

To objectively evaluate any type of system, a set of requirements

which the systems must meet is needed. No complete set of requirements specific

to a gas-supply system for the portable recompression chamber are presently avail-

able. As a result the different types of systems considered during this program

were designed and evaluated using requirements which the authors consider reasonable.
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The foliowing requirements that each system must be capable of meet-

ing or bztteving were established.

(1)

(2)

)

(4)

(5)

No consideration was given to the control of CO, HZO, or hydrocarbons.
Although weight, size, and complexity limitations were not specified, the systems

were to be as reliable, simple to operate, lightweight, and easily transportable

as possible,

The system must be capable of continuously supplying
the patient with two cubic feet per minute of air(3)
containing approximately 21 percent O2 at depths to

165 fezt of seawater.

The system must be capable of supplying breathing
gas with a 002 concentration of less than(.5 percent

surface equivalentﬁp’ 3)

The system niust be capable of supplying sufficient
quantities of 02 and removing sufficient quantities
of 002 to maintain the above requirements for eight
hours while treating a patient on Table IV of the U.S.

Navy Diving Manual.

The patient consumes a maximum of 0.5 SLPM 02 and
produces a maximum of 0.5 SLPM C02(6)wh11e under

treatment.

The temperature of the inlet air should remain below

95 F.

These requirements are very subjective and will be discussed further

under the system comparison section.

-
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System Descriptions

Four types of environmental control systems~~~two open systems (one
tank supplied ani the other compressor supplied), a semiclosed system, and a
closed system~~~were considered. During the design of these systems it became
apparent that a few items would be needed on any system ultimately designed for
use with the chamber. The system should contain a reliable communications system
such as that recently designed for use with the Jack Brown mask}y) The inlet and
exhaust air noise must be muffled such that it does not interfer with communi-
cations and is not uncomfortable to the patient. The system must have a rugged
and dependable depch gage. An ivhaler which could be used for 02 treatment of
conscious patients should be included. The chamber pressure should be easily
controllable, possibly with an automatic pressure relief exhaust valve that can
be set to the desired chamber depth. The system should be failsafe in design

with a free~flow backup system in event of failure. Although not essential, a

design in which the fresh air flows from the head to the foot of the chamber

would be best.

Tank-Supplied Open~Circuit System

The tank-supplied open-circuit system is shown schematically in Figure

1. Where an adequate air supply is available, this sytem is the cheapest, simplest

and most reliable of those considered. The system shown schematically has all
the necessary items mentioned above and, with a iarge enough air supply, is
capable of meeting all of the requirements. The system consists basically of
an air supply tank, control valve, exhaust valve, and flow meter. Operation of

the system consists of adjusting the exhaust valve to the desired depth and
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pressurizing the chamber by opening the control vslve to attain the proper rate
of descent. Once the desired depth is reached, the coatrol valuve is ther adjusted
until the flow meter reads the proper continuous flow. The flow mecter would have
a dial calibrated from 0 to 165 feet (rather than 2 to 12 scfm) and would bz placed
on the exit side of the exhaust valve.

the tank supplied system could be supplied by any available air supply
and would require 12 scfm of air at 75 psig. Unless the chamber is used where
a large quantity of compressed air is available, this system requires an unreason-
able supply of compressed air. If twin-90 scuba bottles were used for the air

supply, over four full setz per nour would be required.

Compressor -Supplied Open-Circuit Systemn

The compressor-supplied open-circuit system is shown schematically in
Figure 2. This system is identical tc the tank-supplied system except that a
compressor and a filter system serve as the main air supply in place of the
tanks. Compressors for this type of system are commercially available and have
been used for years to supply air to hooka rigs. An example of such a compressor
is the Bell & Gossett oil-less air compressor shown in Appendix A. Although the
compressor cited is capable of continuously supplying sufficient air for breathing,
an additional air supply would be required for emergency use and to increase the
rate of descen ( The compressor cited is capable of descent rate of only eleven
feet per minute without a supplemental air supply).

Operation of the compressor~supplied system would consist of adiusting
the exhaust valve to the desired depth and pressurizing the chamber usirg both
the compressor and the cmergency air supply to achieve the desired rate of
descent. During normal operation the coimpressor would run continuously, pump-

ing its full volume through the chamber, and the fluw meter would be used only
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to assure that the compressor is operating satisfactorily. 1In the advent of
an emergency the flow meter would be used to control the eir flow in a free-
flow mode, and again would simply be calibrated for proper flow at 0 to 165

feet.

Semiclosed-Circuit System

The semiclosed-circuit system is shown schematically in Figure 3.
This is very similar to a semiclosed underwater breathing apparatus except
that there are ro breathing bags and a recirculation pump circulates the breath-
ing pas. The major components of such a system include a fixed orifice, a
pressure regulator, a CO2 scrubber, and a recirculator pump. The pressure
regulator is set at a pressure which maintains choked and therefore constant
flow across the orifice regardless of chamber pressure. The recirculation
pump may be hand or electrically operated--~a hand~-operated pump prcbably being
the better for general use. Adequate flow is assured by the use of a flow meter. %
To reduce system complexity and cost, no 002 monitor would be used. The 002
scrubber would be designed such that it could be replaced during use after every
8 to 16 hours. The variable-pressure exnaust valve vents the excess air contin~
uously.

Operation of the chamber consists cof adjusting the exhaust valve to

the desired depth and then opening the free-flow control valve enough to achieve

the desired rate of descent. Once at depth, the metering control valve is opened
completely, supplying a constant input of about 1/2 liter per minute of air. The
recirculator pump would supply 2 cubic feet per minute of scrubbed air at the
operating depth. 1In case of failure of any part of the semiclosed system, the
chamber may de operated in a free-flow mode using the flow meter to control the

flor..
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Closed=-Circuit System

The closed-circuit system is shown schematically in Figure 4.
Schematically the system is very similar to the semiclosed one, with an
oxygen sensor and control valve replacing the regulator and metering orifice.

Operation of the system consists of setting the exhaust valve and pressurizing

the chamber to the desired depth on air, using the free~flow control valve.

Once at depth air is used only to maka up any leakage losses. The PO2 of the

‘ chamber is controlled by metering in additional oxygen when the sensor indicatesz

i a need. Although conceptually simple, in practice this type of system is fairly
complicated and requires the use of sophisticated equipment. However, all equip-
} ment is within state of the art and literature on two of the commercial 02 S2nsors
has been included in Appendix A. As with the other systems, this unit may be

operated in a free-flow mode.

S i System Comparison

i As mentioned in the previcus secticn, each system considered meats
the basic minimum requirements established during the program for a portable

life support system, and each system consideved is within state~-of-the~art

design. To compare the relative merits of each of the systems and make a

recommendation for continued development, a group of comparison criteria were

[ Ty Bttt [P

formulated. These criteria are given in Table 1. Some of the criteria are

i e e M ke

subjective in nature while others may be calculated fairly accurately. In each
case an effort was made to be as unbiased as possible in rating the systems,

Other, possibly better, criteria could have been used to evaluate the systems,

but these were considered sufficient for this study.

»
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Relia*™ ity

No attempt was made to place numerical values on the reliability
criteria. The systems were simply rated as fair, good, or excellent. A rating
of "excellent" indicates confidence that such a system would operate flawlessly
each time it was used. A rating of "good" indicates no reservations about using
the system as the only means of emergency aid if it is properly maintained. A
rating of "fair" indicates that the system must be very carefully checked out
each time it is to be depended on as the only means of emergency aid.

If an adequate supply of air tanks is available, then the tank-
supplied system is inherently the most reliable of the systems considered.
There is virtually nothing to go wrong. Even if the flow meter should fail
the average chamber operator would h: /e some idea of how much air should be
flowing from the exhaust valve. For the purposes of this study, it has been
assumed that if the tank~supplied system is to be used, an adequate supply of
air exists and therefore the i=liability rating is'excellent"

The semiclosed-system reliability has also been rated "excellent".
This rating is based on the assumption that if the chamber is the only source
of cmergency aid the canister, batteries if used, and recirculation pump will
be checked periodically to determine if they are operational, and on experience
with existing semiclosed breathing apparatus which nave proved highly reliable.

The compressor-supplied system reliability has been rated "good" only

because of an inherent wariness about the dependability of small gasoline engines.

However, gasoline-engine driven compressors have been used very successfully for
several years to supply open-circuit underwater breathing gear, and have proven
to be very reliatle. With careful maintenance the compressor system could prove

to be extremely dependable.

q
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" The closed-circuit system reliability has been rated "fair". This
rating is based on the apparent dependability of PO2 sensors (they are usually
used in groups of three) and the serious consequences that can quickly result
from a malfunction in the 02 supply. If a closed-circuit system is carefully
maintained, it could prove to be very dependable, but for general use the

reliability as currently envisioned may not be adequate.

Simplicity of Operation

Simplicity of operation is very important for emergency systers.
Simple tasks are often difficult under the strains of an emergency situation.
As a result, any portable life support system must be straightforward and easy
to operate. The tanke-supplied system would be very simple to operate and
require a2 minimum of operator training. In fact, most Navy divers should be
able to operate such a system with no previous experience. Likewise, both the
compressor=supplied system and the semiclosed systems would require a minimum
of operator training. With a few well-placed instructions fastened permanently
to the components the systems could be operated and maintained by most divers.
The closed system is more difficult to maintain. Despite manufacturers' brochures

to the contrary, today'sPO2 sensors require careful handling and maintenance, and

may have an uncertain shelf life. Aus a result, even a well-designed closed~-circuit

system wo ld require some operator training before use.

Maintenance Requirement

Since systems which are not frequeatly used have a way of falling

into disrepair, the maintenance requirement is & very important coansideration for
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systems wﬂich sit idle for long periods of time but must perform flawiessly

when used. For most systems, the maintenance requirement is roughly propor-
tional to the complexity. For instance, the free-flow system 1is very sicple

and should be essentially maintenance-free. Of course, as with each of the

other systems considered, there should be a periodic inspection of the hoses,
seals, and gages. The compressor unit is more complicated and also requires
periodic inspection of the filter and of the compressor unit. Likewise, periodic
inspection and replacement of the CO2 scrubber canister and batteries and testing
of the pressure regulator and recirculation pump would be required for the semi-
closed system. Regular inspection and testing of the PO2 sensor would te required
for the cicsed system as well as maintenance of the 002 scrubber, batteries,and
recirculation pump. On the semiclosed and closed~circuit systems, a hand-operated
recirculation pump would eliminate battery maintenance and provide a simpler,

lighter~weight system,

Air Requirement and System Weight

A category in which the tank~supplied free~flow system falls short is
its unreasonably high air requirement. To operate the chamber eight hours on
Treatment Table IV of the U.S. Navy Diving Manual would require 23 sets (1610
pounds) of twin~90 scuba bottles. The initial set of twin-90 bottles would
pressurize the chamber to 165 feet and maintain it at that depth for 9 minutes.
Each set thereafter would last sbout 14 minutes at 165 feet equivalent pressure.
An eight hour operation on Table IV would require a total system weight, including
chamber, of 1890 pounds. This excessive logistic requirement prompted this study.

The compressor-supplied free~flow system could be used without additional

tanks of a descent rate of 25 ft /min were not required. For instance, the Bell
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and Gossett compressor shown in Appendix A would take the patient down at about
11 ft./min. With such a system, total life-support system weight including fuel
for eight hours' operation is estimated to be 125 pounds. Therefore the estimated
total system weight for eight hours operation is 390 pounds.

A semiclosed~circuit breathing-gas supply system is estimated to weigh
70 pounds without air bottles. Eight hours' operation of the recirculation system
world require about 25 pounds of batteries. One set of twin~9D canister has a
design operating time of 16 hours requiring 14 pounds of baralyme. Therefore
eight hours' operation of the chamber would require an estimated total system
weight of 405 pounds.

The closed~circuit breathing-gas supply system is estimated to weigh
74 pounds including the oxygen required for 8 hours' operation and one bottle of
air from a twin-90 set for initial pressurization. Therefore eight hours oper-
ation would require an estimated total system welght of 374 pounds.

The major emphasis of this study has been to determine the feasibility
of a reliable, portable, lightweight environmental control system. It is interest-
ing to note that all three systems designed to replace the tank-supplied free-flow
system have nearly the same total system weight (374-405 po..d:). Weight alone

does not appear to eliminate any of the three.

Cost

If large numbers of chambers are to be used, the cost of the life
support system may be important. The cost estimates shown in the table are
based on curreatly available equipment and should reflect the ultimate production

cost of the life support system in quantities of 100 to 200, Again, if one system




18

is significantly better than anotﬁer, cost should not be the determining factor.
g Y

However, due to better reliability, greater 'simplicity and lower maintenance
’; { requirements, it appears that the compressor-supplied free-flow system and the
semiclosed circuits should receive further study. The compressor~supplied
systems would require less development effort and be of lower cost, but could

be unuseable in areas where excess noise would be dangerous. The semiclosed

Ty
.

system at a slight increase in cost and after some development could have
excellent reliability at a slightly less weight,

As a result it 1s recommended that prototypes of both the compressor

system and the semiclosed system be developed for evaluation by the possible

chamber users.
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APPENDIX A

MANUFACTURERS LITERATUPE ON AJAILABLE 09 SENSORS,
002 SCRUBBERS, PORTABLE COMPRESSORS
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EDCAR PORTABLE AIR TANK

The lightweight and mobile B&G Portable Air Tank is the answor for those applica-
tions requiring an air recciver as well as means to cany emergency air to the job, A 6
foot length of hose 15 attached to the compressor discharve while a quick disconnect
coupling 1s attached to the tank inlet. When diconnected, this coupling serves as a
check valve picventing escape of air from the tank under pressure,

The coupling is castly discoanccted for no load starting of compressor and engine.

SPECIFICATIONS:

\
;) CiL.-LESS AR CONIPRESSOR

The B&G gas engine driven compressor outfit delivers
Oil Free air up to 90 PSIG continuously. Its lightweight
and compact dimensions make it extremely portable, When
lifted by the handie, balance is perfect. The belt guard
assures safe operation. An accessory kit for wheel mount-
ing, is available.

The outfit includes & belt-driven B&G Cil-less Air Com-
pressor with the samc unique feaiures incoiporated in
B&G motor-compressoss, The engine is oversized to pro-
vide ample power at reduced RPM for longer engine lifc.

SPECIFICATIONS

MODEL EDCO
B & G OIL-LESS AIR COMPRESSOR
Twin cylinder—single stage—6.57 CFM displacement at
1725 RPM. Integral after-cooler—pulsation chamber—mois-
ture drain. Complete with intake flizrs and 4" NPS dis.
charge conncction, Safetv valve sct to open at 95 PSIG,
gtgec:ih; delivery at 35 PSIG = 4.3 CFM, at 80 PSIG =

BRIGGS and STRATTON ENGINE

4 cycle, air cooled, 2700 RPM governed spced. Float feed
carburetion. 3 quart fucl tank. Recoil starter. Exhaust valve
rotator. Oil bath air clezner.

ACTUAL WEIGHT Sé LBS.

¥ 19520 (n/iies)

EDCC WHEEL AND HANDLE KIT

Complete with 8° x 135° whoels--Semi-pneuma-
tic tires-—handle— Axle and necessary hardware,

ACTUAL WEIGHT, 10 ibs.

10 gallon capacity, 13" dis. x 24" length, Tested to 150 PSIG. Complete with
carrying handle-- 4 ft. high pressure hose with fitings and qunck disconnect
coupling--pressure gauge~--discharge shut off valve safety valve set at 100 PSIG.
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- BIY Series OA200
Gaseous Oxygen Analyzers

-

BioMarine Industries’

- BioMarine Industries, Inc., 303 West Lancaster Avenue

Devon, Pennsylvania 19333 « 215:687-2800 « Cable: BIOMAR

.-

® 1970, BioMarins industries, inc.
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oxygen concentration too low for life?
too high for safaty?

you can ngw measuse
oxygen instantly-
continususiy—accurately-
with Series OA280

Gxyaen Analyzers

fram Biti!

@ displaying continuous % O, readout

@ without batteries, line connections or
amplifiers

O for hand-held or remote operation

Series OA200 Oxygen Analyzers from BMI are coming into
wide use wherever oxygen content ot an can drop low
enough to imparr physical or psy chological tunction. Worn
on the belt, held in the hand, or placed com eniently, these
small, hght weight mstruments can detect dangerously low
oxygen concentrations before the efiects ot hypoxia become
noliceable.

Because direct-reading Senies OA200 Analvzers from B
are extremely accurate even over the lower range o1 the
scale, they can also indicate the dangerous presence of ow -
Ben—i.c., possible inerting system 1ulure, rsh of fire or
of explosion.

Stable Series OA200 Oxygen Analyzers trom BMI are alw 2y«
“on,” never need any warm-up or “recharging.” When noc-
essary, cahibration s carnied out 1n an instant with room a.r
Automanically temperature-compensated hetween 32° and
104° F., insensitive to CO; and humudity to 100", OA200
Analyzers can be employed by public utilities, brewernes
pharmaceutical and chemucal plants. ol refineries, labo-
ratories and shops ot all types. Ther rugged construction
enables them to be taken out into the worst weather.

Signals trom BMI onygen sensors can be transmitted without
amphiication over cable runs as long as 1000 1eet or more
Series QA200 Analyzers may thus be used erther with the
selt-contaned sensor or a separate remote sensor, Because
outside power is not required, the units are suited for use 1n
ships” holds, tank tarms, mines, tunnels and othor locations
where posubility of the shghtest spark or Arang poses un-
acceptable hazards.

turn the page for specifications . . .
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Series 0A200 Oxynen
Analyzers are as easy and
quick to uso as a
flashlight

30
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Principle of Operation

Oxygen is sensed directly by a BMI galvamic cell* contasnng
a gold cathode and a lead anode in a basic electrolvte. The
entire cell is encapsulated v inert plastic, The sencor face 15
a fluorocarbon polymer. Oxygen diffusing through the ceil
face inttrates redox reactions which generste a minute cur-
rent proporuonal to the oxygen partiai pressure. A tempera-
ture-compensated circuit converts the current to a propor-
tional voltage which s displayed directly on the meter face
of the Analyser as oxygen concentration.

‘Patent pending Tho BM1 oxygen sensor 1s inthinsically sate por 154
S$.P 12 2 Factory Mutua! approval applicd for

Accessaries

A flow-through adapter 1~ avadable from BAML tor analyzing
gases in hines and bottles,

NUldiio Fodillbo

i Series OA200 Oxygen Analyzers may be single-pomnt cali-
brated with oxygen of anv known concentration within
meter range (e.g., normat room air).* There 15 never any
need for “recharging.”

2 OA200 Analyzers are ready for instant use ™o warm-up
penod is needed.

3 Sensor cells of Series OA200 Oxygen Analysers tunction
accurately at any relative humidity up to 100%.

4 Every Sertes OA200 Oxygen Analyzer 1s provided with a
connector for remote sensor use, Remote sensors are
available as options,

5 Stable, long-lived sensor cells can be replaced simply in
a few moments,

6 Use of an adapter on the face of the sensor permits
Senes OA200 Analyzers to be used for sample stream
monitoring.

7 The unique construction of the sensor face mimimizes the
possibility of mechanical deformation, and ehminates
error due 1o cychic pressure vanations.

8 Senes OA200 Oxygen Analyzers are shipped in nitrogen
to maintain undinumished cell life prior to use.

9 Model OA2GZ readds 0-100% O, Model OA222 reads
0-40%, and Model OA233 reads 0-2 atmaspheres. All have
self-contamned sensors and accept remote sensors as well.
Models QA20G2R, OA222R and OA233R have the same
respective scales, but are designed for use only with re-
mote 5ensors,

*For use above 3000 feat above mean ses level, specify high altitude sensor
Specificati
pecifications
) "] om0z OA222 T oA233
QA202R OA222R OA233R

2"x2%2" x5" (5.1 cmx 6.4 cm x 12.7 cm)

14%2 0z. (410g)

Dimensions:

Met weight-

Scale reading. 0-100% 0-40%

Response, 90%
tn less than:

0-2 atmospheres

20 secs. 10 secs. 20 secs.

lc"':i::)rﬁ;'?n *+1% of full scale at constant temperature
Agcuracy. +1% of fuli scale

Temperature maximum 5% in r.mp,;‘.
compensalion 32°.104°F. | 45°-104°°F 32°.104°7.
errar {0°-40° C.) (7°-40° C) 0°-40° C)
rosure: 500 ps1 maximum
Decompression 50 psi/m:nute maximum

rate.

Seasor warranty. 120,000 %-hours, or one year

For full information, prices and delivery schedules, contact:

BiolVlarine Indusiries

BioAtarine Industrics, Inc., 303 West Lancaster Avenue
Gevon, Peansylvania 19333 « 215:687-2800 ¢ Cable: BIOMAR

t"‘nmed mnUSA, BMI21L705MVIIT0

AT




BiolMarine Industries

303 W. LANCASTER AV-NUE DEVON, PENNSYLVANIA 19333 CABLE: BIOMAR (215) 687-28C0

OXYGEN INSTRUMENTS PRICE LIST*

ASALYZERS
Oxygen Analyzer Models seeseessesccssessccscne $285,60
0A202
0A222
0A232
Remote Sensor with 10 ft, extension cord... $110,00
Replacement SeN8OTr sseessseresssscssserscss $110,00
MONITORS/CONTROLLERS
OMC4CO Oxygen Monitor and Controllerssseeesess $790,00
Replacement SenSOT cseseesecccccsececrssnes $110,0C
Gas Line Adaptot 0000000000000 0000 000000 $ 10,00
OMC o0 2500 00
oMme oy W29 00
CCR /p00 b4ys . 00 =GN

& Suggested Retail Price
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Oxygen Monitor For Hyperbaric Chambers

SPECIFICATIONS

OPERATING RANGE: 0 to 1000 mm Hg, Po; second scale 0 to 1.3

absolute ctmospheras,

ACCURACY: +5% of resding. 0-590 mm He: *109% of
rading, 500 to 1000 mm Hg

STABILITY: 1%, 24 hours; *:59%, 500 hours.

ABSOLUTE PRESSURE RANGE: 0.5 to 35 ebsolute atmospheres.

RESPONSE TIME: 90% resp to & step function change in 1
partial pressura within 15 seconds.

TEMPERATURE RANGE: 39° to 122°F,

RELATIVE HUMIDITY: To 100%.

ALARMS: Fiashing red light and sudible Sonalert, high set
. point: 50 to 95% of full scale (500 to 350 mm
Hg, or 0.65 to 1.25 abs atm ), low and dual
alarms available on reguest,

OTHER OUTPUTS: 0 to § Vde with 50K minimum load; 0 to 50
mVdc st 5009; @ to 100 uA; sll outputs

double ended.

POWER REQUIRED: 12 tu 32 Vdc external power and/or internal

batteries (Mallory type E146X mercury cell, or
type MN 1604 alkaling ceit), and 2 Eveready 732,
12.V [snten colls (NEDA 926}

SIZE: 8 x 8 x 14 inches,

WEIGHT: 14 pounds.

SPECIFICATIONS ARE SUBJECT YO CHANGE WITHOUT NOTICE

MINOS™ AOM ALARM SYSTEM

Monitoring atmospheric gases is extremely important in
any closed environment. Of the gases present in a breath-
ing atmosphere, oxygen is of chicf concern. Although
contaminants -— such as carbon dioxide — must also be
monitored to prevent a build-up of undesirable atmos-
phere constituents, human lite depends upon the avail-
ability of a safe level of oxygen.

The MINOS™ AOM (Atmospheric Oxygen Monitor)
Alarm System is designed to monitor the oxygen levd] in
hyperbaric chambers. The instrument includes battery-
operated audible and visual alarms; the instrument is
placed outside the chamber, with the sensor inside. A 15-
foot cable permits checking oxygen levels over consider-
able chamber volume.

For air decompreszion, a 40-foot lev2l is cquivalent to
approximately 2.2 absolute atmospheres (360 mm of
mercury, oxygen partial pressure}. However, divers cus-
tomarily also usc 2 mask for intermittent breathing of
pure oxyvgen. Exhalation by the diver will, therefore,
continucusly add oxygen to the chamber — and raise
oxygen concentration by an unknown amount. Also,

cxchanging chamber air through ventilation may not
reduce the oxygen content satisfactorily. In addition to
the possibility of oxygen reaching a level of toxicity, the
risk of combustion becomes a serious threat. The MINOS
AOM Alarm System will sound and flash alarms before
chamber oxygen reaches a dangerous level.

The instrument monitors oxygen from 0 to 1000 mm
of mercury (0 to 1.3 absolute atmospheres). The high-
oxygen alarm can be sct from 50 to 95 percent of full
scale — 0.65 to 1.25 absolute atmospheres (500 to 950
mm of mercury). An alarm condition will trigger the
audible Sonalert, and flash a red lamp — immediately
notifying all attending personncl. In the absence of alarm
levels, this system will display — at all times — the exact
chamber oxygen content.

The MINOS AOM Alarm System can be supplied to
monitor high or low oxygen, or both. This precision
instrument is an cxccellent safeguard for personnel,
protecting them against the threats of fire, toxicity, or
hypoxia.

INSTRUMENTS, INC.

OCEANIC EQUIPMENT ACTIVITY
2500 Harbor Boulevard, Fullerton, California 92634

A 70112 470.2C

{714) 87 4848

PRINTED IK USA
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Oxygen Monitor Ideal
For Hyperbaric Chambers

Monitoring atmosphcric gascs is extremely impor-
tant in any closed environment. Of the gases pres-
ent in a breathing atmosphere, oxygen is of chief
concern. Although contaminants—such as carbon
dioxide —must also be monitored to prevent a
build-up of undesirable atmosphere constituents,
human life depends upon the availability of a safe
level of oxygen.

The MINOS AOM (Atmospheric Oxygen Mon-
itor) —onc of a line of specialized Bechman
monitoring instruments — is designed to monitor
breathing gas in a closed system, Small and
completely self-contained, MINOGS AOM mounts
readily on the wall of any chamber — spacecraft
simulator, undersca chamber, or clinical hyperbaric
chamber. It is particularly useful for diving decom-
pression chambers and clinical hyperbaric cham-
bers used in therapy for discases caused by anacro-
bic bacteria. For additional flexibility, an optional
extension cable may be ordered to permit using the
sensor away from the signal conditioner and meter.

MINOS Gxygen Monitors arc based on the
Beckman Polarographic Oxygen Sensor.* The tiny
sensor — only Y4- by Y4-inch — contains a gold
cathode and silver anode immersed in a gel clec-
trolyte. A small potential is applicd between the
electrodes, and the opening to the semsor sealed
with a Teflon membrane which is permezable to
oxygen. Oxygen diffusing through the membrane
passes through a very thin layer of clectrolste and
is reduced clectrochemically at the cathode. thus
producing a small current. The sensor is insensitive
to other gases, and the output current is directly
proportional to the partial pressure of ovygen.

Sensor current is amplified to provide continuous
direct reading from 0 to 1.000 millimetees of mer-
cury, oxygen partial pressure. A second meter scale
is calibrated in absolute atmospheres. This solid-
statc instrument is stable to within =1 percent of
full scale for 24 hours, and within =$§ percent of
full scale for 500 hours. The dependable minia-
turized sensor is inexpensive and expendable.
Designed to operate on cither alkaline or mercury
batteries, the MINOS AOM may also be operated
from 12 to 32 Vde eaternal power. In addition to
displaying oxygen level on the meter, external out-
puts are available to operate an alarm. remote
meters, recorders, or an analog-to-digital conserter.
Standard external outputs are 0 to § Vide. 0 to 50
mVde, and 0 to 100 xA. The MINOS AOM will
monitor oxygen levels safely in the rugged environ-
ment of 100 percent humidity and atmospheric
pressures to 35 atmospheres.

The AOM is just one of a line of atmosphere mon-
itors. For example, you can add a MINQOS ACDM
(Atmospheric Carbon Dionide Momtory and cre-
ate a complete air-moaitoring package.

Whateyer vour atmospheric monitoring and control
needs~—space, undersed or carthhound —MINOS
atmosphetic momtors are available from Bechman
now. For 33 ycars we have been providing
advanced instruments for industry and research.
Today — at Bechman — science is shaping your
future.

*ULS Patent No 2,911,386
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COMPANION MINOS UNITS MONI.
TOR OXYGEN AND CARBON DIOXIDE

COMPLETE OXYGEN SENSGCR IS DWARFED BY DIME

OPERATING RANGE:

ACCURACY:

STABILITY:
ABSOLUTE PRESSURE RANGE:
RESPONSE TIME:

TEMPERATURE RANGE:
RELATIVE HUMIDITY:
OUTPUTS:

POWER REQUIRED:

SIZE:
WEIGHT:

SPECIFICATIONS

0 to 1000 mm Hg, Po,; second scale O to 1.3
absolute atmospheres.

+ 5% of reading, 0-500 mm Hg; + 10% of reading,
500 to 1000 mm Hg.

+ 1%, 24 hours; + 5%, 500 hours.
0.5 to 35 absolute atmospheres.

90% response to a step function change in sample
partial pressure within 15 seconds.

39° to 122°F.
To 100%.

0 to 5 Vdc with 50K minimum load; C to 50 mVdc at
50012; 0 to 100 xA; all outputs double-ended.

12 to 32 Vdc external power and/or internal
batteries (Mallory type E146X mercury cell, or
type MN 1604 alkaline cell).

614 x 414 x 314 inches.

514 pounds.

SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE

INSTRUMENTS, INC.

ADVANCED YECHNOCLOGY OPERATIONS

2500 HARBOR BOULEVARD FULLERTON, CALIFORNIA « 92634
1214) 621 4848, TWX 214 871 1790 « TELEX 06 78810

INTERNATIONAL SUBSIDIARIES Amsterdam, Capetown, Genava, Glenrothes, Scottand, tondon, Mexico Csty, Munich, Pans, Stockholm, Tokyo, Vianna

ATO €9122-869-2¢
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OXYGEN MONITOR

MINOS™ ATMOSPHERIC

PRICE LIST
FOR BULLETIN 2008A
Part No, Description Unit Price
MINOS Atmospheric Oxygen Monitor (AOM) complete
with Sensor, Receptacle, Batteries, Mating
Power Connector, and Desiccant. Three models
available:
145400 AOM - Range 0-1000 mm Hg $950,00
148000 AOM - Range 0-1520 mm Hg 950.00
148900 AOM - Range 0-250 mm Hg 950.00
145204 Meter, Oxygen (Remote readout) 0-1000 mm Hg 50.00
148297 Meter, Oxygen (Remote readout) 0-1520 mm Hg 50.00
148295 Meter, Oxygen (Remote readout) 0-250 mm Hg 50.00
145405 Gasket, Housing 2.50
145416 Battery Bracket Assembly 28,00
145659 Sensor, Oxygen 85.00
146009 Cable, Extension, Sensor¥® 80.00
146011 Sensor Receptacle 95.00
147451 Battery Pad 7.00
148147 Desiccani. Container Assembly 13.00
148193 Cable, Power/Remote Readout + 62.00
11160 Desiccant, five l-ounce bags 2.40
79618 Desiccant, Indicator Package 1.30
70-094-01 Desiccant, l-pound package 3.30
45-042-12 Tubing, Tygon (l-foot length) 2.00
MN 1604 Battery, Alkaline 2.00
% Standard 10-foot length unless otherwise specified,
Add $0.50 for each additional foot over 10 feet.
MINIMUM BILLING PER ORDER IS $1000
(All prices are in U. S, funds and atc subject to change without notice )
INSTRUMENTS, INC.
ADVANCED TECHNOLOGY OPERATIONS
2500 HARBOR BOULEVARD FULLERTON CALIFOPNIA « 92634
(214) 871 4348 TWa 214 B7H 100 - TELEX 06 78813
INTERNATIONAL SUBSIDIARIES Amsterdam, Capetown Geneva Glenrothes Scotland London Aewcd Coty, Munigh Paris Stackholm Tokye Vienna
ATO 701072-170-2¢C PRINYED IN psa
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No, 1, 1 December 1969

NEWw IMPROVED OXYGEN SENSOR AVAILABLE FOR MINOSTM AOM

To meet requirements for increased long-term stability and extended useful 1life,
we've developed a new sensor for the AOM. Using a companion receptacle, the new
sensor is directly interchangeable with the standard AOM Sensor in all existing
MINOS AOM installations. It will be offered as an option on new orders for this
popular instrument,

Slightly larger than the existing miniature sensor, this new one is only 1 inch i
in diameter, and 1-1/4 inches long, The new receptacle is also 1 inch in diameter, )
and fits the AOM connector-~-making it completely interchangeable.

The new sensor features increased electrolyte volume and an elastic bellows sur-
rounding the electrolyte chamber. The increased volume significantly extends
sensor life, The theoretical minimum useful life is 1=1/2 million mmig

hours of oxygen exposure--more than a year in normal use, Extended life tests
on prototype sensors indicate they will meet the theorctical life.

The elastic silicon rubber bellows provides pressure equalization without venting
the sensor, The sensor may be wmounted in any orientation, and failure from dry-
out through the vent is not possible., Installation of the sensor requires only
inserting the receptacle into the AOM conrector, There is no vent to open to
prevent sensor damage, Pressure tests of the sensor include hydrostatic cycling
to 10,000 psi and repeated exposure to helium-oxygen mixtures up to 500 psi.
Hyperbaric atmospheric tests include saturation in a helium-oxygen mixture (60
hours at 500 psig helium with %160 mm Hg Pp,) and rapid decompression (500 psig
to 50 psig in 35 minutes). The sensor exhiéits a well-established pressure

o it {45

respoase which results in a decrease in output of about one percent per hundred
pounds. This effect is characteristic of all membrane-type sensors and varies !
only depending on the choice of membrane used. :

L. the following page, the new sensor and receptacle are shown on an AOM. The
cutavay drawing shows the pressure-equalizing bellows.

Sensors and receptacles can be shipped from stock in thirty days. The price of
the sensor is $200, and the receptacle is $125. Order Part No, 147725 Hyperbaric
Oxygen Sensor, and Part No., 148290 Receptacle. New orders for AOM's can be
shipped with the new sensor and receptacle. The price of the AOM equipped this

way is $§1,090.

Incidentally, your new price lists show AOM's available in three full-scale
ranges (0 to 250, O to 760, and 0O to 1520 mm Hg). All three types are in stock
in Fullerton. As you will note on the photo, the absolute atmosphere values have

been emphasized on the new meter faces,

ADVANCED TECHNOLOGY OPERATIONS ¢+ 2500 HARBOR BOULfVAEKD FULLERTON CALIFORNIA « 92434
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New Sensor and Receptacle fit easily on MINOS ™M AoM
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Cutaway shows pressure cqualizing bellows and other details
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{ CARBON-DIOXIDE SCRUBBERS

Carbon-Dicxide Removal Systems
For Hyperbaric Environments

PURA 787 M9 CO. Scrubber

Twe new carbon dioxide remosal syalems are now
available for completely safe operation in hyper-
baric environp.ents. Man ifactured by Lindbergh-
Hammar Associates, Inc  these systeins are being
uifered through Beckrian Oceanic Equipment
Activity representatives.

hodel PURA 787-M9 is a compact and pertable
unit thot can be fastalled it any Byperbaric cham-
ber. Fur use in fire-havardous areas - such as
high-pressure oxygen emviromments — the unit is
readily adaptable to any worhing pressare range
from 1 to 100 atmespheres, in pure oaygen or
oxygen-heliwn breathing mintures, The 787-M¢
will process gas ot rates up to 10 ¢fm at 24 volis,
it can be operaied from either a0 or de power
seurees, from 24 to 60V,

The 787-M9 has a 9-pound dessicant canister, aned
will satisty aimost any hy perbatic application, A
high-tereue, magactic interlock connvets a soaled,
eavironmentally solated motor (o a twin twrbine.
The system i inherently safe; all dypamic seals
have been elininated.

PURA 707-M7 CO. Serubber

Three vanations of Maodel 787-M9 are asalabie
— lightweight, anodized-aluminum construction,
heavy-duty, corrosion-resistant bronze, and
chrome-plated bronse for medicul appications.
Similar units ave alw available in the 737-M7
Serics; these units have seversl additional featurcs,
including explosion-proof, integral magnetic
switches, and special fuse-aceess housings which
can be opened for fuse replacement under operat-
ing pressuses as high as 1500 psig,

In response to a demand for a smalke and lower-
cost vession of the 787 systeni. a new seres — the
PURA 707-M7 — is now available. Those units
are specifically designed for the Jow-volume com-
partments of submiersibles, decompression chans-
bers, eaperimental test chambers, and medical
hyperbaric applications. The 707 is rated for a
minimum gas exchange of 7 ¢fm at 24 volts. This
systen, also, will operate from ac or de power. over
arange frem 24 to 60 volts. The dessicant chamber
has a volume of 100 cubic inches, and i rated for a
load-life of up to 6 hours. The working pressure
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I to 100 atmosphcres,

Explosion-proof and totally fire safe in oxygen
environments, the small, compact 707 measures
only 6 inches in diameter and 15 inches in length
Four versions of the Model 707-M7 are available:
anodized aluminum; bronze; heavy-duty bronze;
and a medical unit in chrome-plated bronse. Three
additional varictics arc available — the PURA

707-M77 Scrics — which inciude eAploSIon-Froos
intcgral magnatic switches and fuse-access housings
which can be opened for fuse replacenent under
operating pressurces as high as 1500 psig.

Whatever your needs for carbon-dicxide removal
in hyperbaric environments, one of the thirteen
variations of these two basic scrubber systems
should offer a ready solution to safe carbon-dioxide
remosval,

SPECIFICATIOWS

PURA 787-M9/M70 SERIES
SAFETY

ARSORBENT TYPE
ABSORBENT CAPACITY

FLOW PROCESSING
SERVICE LIFE
PRESSURE RANGE
POWER REQUIRED
size
WEIGHT

Y87-MOA

787-M70A

787498
787-M708

T87-M92
787-M70D

PURA 707-M7/M77 SERIES
SAFETY

ABSORBENT TYPE
ABSORBENT CAPACITY

PRESSURE RANGE

POWER REQUIREMENTS

SIZE

CONSTRUCTION
707-M7A

707-M77A
707-M7A2
707-M78
T07-M778
707-M7D
767-M770

Explosien/fire-proof in high-pressure oxygen and
mixed breathing gases.

Any approved CO; absorbent, bulk or prepack.

298 cu. in. {2 Ibs.); yields up to &-hour ioad-life at
2 hters/min CO; input, depending upon absorbent.

10cfmat 24 V.

1000 hours, continuous.

1 to 100 atmospheres.
241060V, acordc.
Approximately 15 x 15 x 9inches.

Anodized alusninum, corrosion-res:stant epoxy intenor —
37 Ibs.

As above, with magnetic switch and fuse-access housing —
43 ths.

Heavy-duty corrosion-resistant bronze ~— 55 ibs.

As above, with magnetic switch and fuse-access housing ~—
&1 Ibs.

Chrome-plated bronze (Medical Unit) — 860 ibs.

2; abovea, with magnelic switch and fuse-access housing —
1os.

Explosion/fire-proot in hugh-pressure oxygen and
mixed breadung gases.

Approved CC; absorbeat, bulk or prepack.

100 cu. 1n.; yields up to 6-hour load-life at 7 ¢fm,
depending upon absort 2nt,

i to 100 atmespheres.
24t0 60V, 2z ordc.
18n. long x 6.1n. dha.

Anodized aluminum, stainless-steet sylinder, without
exterior frame.

As zbove, with magrctic switch and fusc-cccess housing.
Bronze, stainless-steel cylinder, without uxtenor frame
Heavy-duty bronze, with extanor frame.

As above, with magnetic switch and fuse-access housing.
Chrome-plated bronze (Medical Unit), with exterior frame
As above with magnetic switch and fuse-access housing

SPECIFICATIONS ARE SUBJECT TO CHANGE Wi" lHOUT NOTICE

INST
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Model/Part No.

787-M9A

787-M70A

787-19B

787-M708

787-M9D

787-M70D

787-19-300

707-M7A

707-M77A

767-M7A2

707-M7B

707-M778

707-M7D

707-M77D

PRICE LIST

FOR BULLETINS 2012, 2013 AND 2014

Description

Explosion-proof C0, Scrubber, light-
weight anodized aluminum,

As above, with magnetic switch and fuse-
access housing.

As 787-MYA, in heavy-duty bronze,

As above, with magnetic switch and fuse-
access housing,

As 787-M9A, in chromec-plated bronze,

As above, with magnetic switch and Zuse-
access housing,

Spare canister for 787-M9 Series,

Explosion-proof CO, Scrubber, light-weight
anodized aluminum, without exterior frame,

As above, with magnetic switch and fuse-
access housing,

As 707-M7A, in bronze,

As 707-M7A, in heavy-duty bronze with
exterior frame,

As above, with magnetic switch and fuse-
access housing,

As 707-M7A, in chrome-plated bronze with
exterior frame.

As above, with magnetic switch and fuse-
zzcess heousirg,

(Continued on rcverse side)

Unit Price

$1,433,00

1,643,00

1,705.,00

1,915,00

1,989.00

2,225,00

67.50

625,00

825.00

735,00

800.00

945.00

1,100.00

1,333.00

A70111-470-2C

INSTRUMENTS, INC.

OCEANIC EQUIPMEPT ACTIVITY
2500 Harbor Boulevard, Fullerton, Calitasnia 92634
(714) 8714248

PRINTED IN USA

e il

T
i,




e, T}

Model/Part No,

787-83

787-V50

P-7002-1

P-7090-2

P-7000-2C

P~-7000-6C

500-M5A

500-M58
500~-M5D

500-M2A

500-M2B

500-M2D

Description

Rotary Magnetic Switch for 3 circuits,
(Ask for quotation for additional

switch positions,)

24/48 V dc Power Supply (less batteries)

Bulkhead Penetrator, single terminal,
for 200 A max., at 50 V,

Bulkhead Penetrator, 2-terminal, for
100 A max,, at 50 VY,

Retaining collar for penetrators, for
mounting in limited space; uses 2,

1/4-20 cap screcws,

Standard retaining collar for penetrators;
uses 6, 1/4-20 cap screws,

Pollution Control Device, 300 cu, in,
capacity, anodized aluminum,*

As above, in bronze.*
As 500-M5A, in chrome-plated bronze.,*

Pollution Control Device, 150 cu, in,
capacity, anodized aluminum,*

As above, in bronze.*

As 500-M2A, in chrome-plated bronze.*

*Specify 110 V ac or dc, or 12 to 60 V ac or dc.

MINIMUM BILLING PER ORDER IS $10.00
(All prices are in U. 5. funds and are subject to change without notice )

Unit Price

$ 395,00

525.00

12,00

12,00

3,50

4.50

650.00

850.00
1,000.00

350,00

450,00

600,00
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PRODUCT BULLETIN 70-500
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Pollution . Control Devices
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. pcd 500-M2
PURA pcd 500-M5

LHA Inc. offers a complete line of PCD's in the 500 series to fit every
requirement in closed environment air filtration. Devices in the 500
series are designed FOR USE AT ATNHOSPHERIC PRESSURE ONLY, such as clean
roons, submarine chambers, hospital rooms, cbservation diving bells,
operating rooms, or any closed area where veatilation is not possible,
The M5's have a 300 cubic inch refillable stainless steel canister, and
the M2's will hold 150 cubic inches of media. These units can be loaded
with activated charcoal granules for odor absorption, silica gel crystals
for moisture reduction, granula: soda-lime for carbon dioxide removal, or
layered combinations of these and other substances. Dust particles are
filtered as the air is cycled. Models are available for use in two volt-
age rangest 110 volts AC or DC or 12 to 60 volts AC or DC.

For Scrubbing Devices for use in high pressure dbreathing atmospheres
or for use in flre-hazardous environments, send for product bulletins
67-787 and 70«707.

Lindbergh - Hammar Associates !n.cj, 550 Maple Avenus
Garpinteria, Ca., LS A 93013  Tel.o 805-684-421
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2278 > LINDRBERGH-HAMMAR ASSOCIATES
550 Maple Avenus, Carpinteria, California 93013
A L/J Telephone: (805) 684-4214

JON M. LINDBERGH
Consuitant

JAMES H. HAMMAR
Devslopment & Engineering

ROBERT A. BAKER
Administrative

PRICE SCHEDULE
. PURA 500-M5 and 500-M2 Pollution Control Devices

MODEL (Catalog No.) ' Unit Price
PURA 500-M5A ’ . $650.00
Aluminum construction - .

Anodized finish

PURA 500-M5B 850,00
Bronze Construction

'PURA 500-M5D

Chrome Plated Bronze 1,000.00
PURA 500-M2A ‘ - |
Anodized aluminum 350,00 *
PURA 500-M2B _ : 7" 450,00

Bronze framing

PURA 500-M2D .. 600,00
Chromec plated bronze

Speclfy for 110 volt AC or DC power, or 12 to 60 volt AC or DC.
All prices F.0.B. Santa Barbara, California
Sales Tax added where applicable

Quantity Discount Schedule avallable \
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PRODUCT BULLETIN 70-800

OXYGEN DECOMPRESSION REBREATHER

-TOTALLY FIRE-SAFE , i
- METERED OXYGEN FLOW . 1
~LOW BREATHING RESISTANCE

24 - 60 VOLTS AC or DC | |
- CERTIFIED TO 2000 PSIG

-100 CU. IN., DESSICANT CHAMBER
-MINIMUM 6 HOUR LOAD LIFE
- CORROSION-RESTSTANT MATERIALS
-MEDICAL ADAPTATIONS

PURA 608-M8

The 808-M8 Decompression Rebreather is desicned specifically for decom-
pressing divers on oxygen tables in hyperbaric chambers. Breathing
effort 1s reduced vo a comfortably low level: recirculation through

the carbon dioxide scrubber is accomvlished electrically and oxygen

1s admitted through a metering jet. A high-torgque magnetic interlock
connects motor to turblne, environmentally isolating all electrical
components in a pressurc chamber. The MB can be easily adapted to

a variety of medical hoods for COZ removal snd Op administratioen to
patients at atmospheric pressure 6r in hyperbaric facilities.

Two models avallable, speocials fabricated to customef specification,

Scrubber available separately for adaptation to customerﬂequlpment.

-

F.0.B, Santa Barbara, California, U,S.A.

Lindbergh - Hammar Associates Ing.. 550 Maple Aveps
1 garpinteria, Ca., US4 93013  Tel. . 805-684-421.
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QUOTATION TO: REFERENCE:
Battelle Memorial Institute
505 King Avenue
Columbus, Ohio 43201
ATTN:jqr, Don Caudy DATE OF QUOTE: & June 1970
et ey e e ]
ITEM QTYy. CESCRIPTION OR PART NUMBER UNIT PRICE DELIVERY
5-10 pcs TAVCO P/N 23711272 150.00 60-75 days :=° 1
100 cubic inch vessel recommended
for storage of standard 10 cubic foot
Oxygen
5-10 pcs TAVCO P/N 237118L9 160.00 "

i TAVCO, INC.

612 COLORADO AVEMUE * ANTA M{ #1CA, CALIFORNIA 90401 e

Fluid Control Systems

150 cubic inch vessel recormended for
storage of standard 10 cubic foot oxygen

PRINTS AND CATALOGUE ENCLOSED

.
TERMS: 14 of 19, 10 days, net 30 days Thank you for this opportunity

FOB: Factory

Quotation expires .99 ______ days TAVCO, Inc.

By:< & I /// grr’ KZZ

W. Ellvood Jae ¢57/

AREA CODE 213 * PHONE 870.038€ ¢ T\WX $10- . 343.8240
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Security Classification

VOCUMENT CONTROL DATA - RaD
(Security claseilicution of title, body of abatract and indexing annotation must be ontersd when the overall repost la clansilied)

1. ORIGINATING ACTIVITY (Corporate author) 28. REPORY SECURITY € LASSIFICATION
D Battelle Memorial Institute 1
S Columbus Laboratories 78 E::;:ssified
AR 505 King Avenue
B Columbus, Ohio 43201

AR 3. REPGRY TITLE

Portable Recompression Chamber Environmental Control System Study.

e )
S BT
-

'. . 4. DESCRIPYIVE NOTES (Type of roport and Inciueive dates)
¢ Summary Technical Report, February 1, 1970 - July 31, 1970
3 i 5. AUTHOR(S) (Last name, lirst name, initial)
- R Caudy, Don W., Glasgow, James S,
3 B
X o 6. REPORT DATE 7a. TOTAL NO. NF PAGES 7b. NO. OF REFS
' July 31, 1970 41 7
8a8. CONTRACT OR GRANT NO. 94, ORIGINATOR'S REPORT NUMBER(S)

Contract No. N00014-70-C-0072

b. PROJECT NO.

€. $b. OTHER l:gpon'r NO(S) (Any other numbers that may be sssigned
thie repo

d.
10. AVAILABILITY/LIMITATION NOTICES

s 11. SUPPL EMEHTARY NOTES 12. SPONSORING MILITARY ACTIVITY
Supervisor of Diving
United States Navy
Washington, D. C. 20360

13. ABSTRACT

The major emphasis of the study has been to determine the.feasibility
of a reliable, portable, lightweight environmental control system for use with
the chamber. This report preseants the results of the study and recommendations
for system development.

A tank-supplied open-circuit system for breathing-gas supply to the :
portable recompression chamber' is the simplest, easiest to operate, and most
reliable system. However, except for instances where a large supply of com-
pressed air is available, it is impractical. Semiclosed-circuit and compressor-
T supplied open~circuit systems appear to offer excellent alternatives to the
R tank-supplied system without an unreasonable increase in complexity. A closed-
circuit system does not appear to offer any major advantages for this appli-
cation which would offset its deceased reliability and increased cost.
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Security Classification

DI

AP

[




P

Wi rain

- PR

-

Security Classification

14.

KEY WORDS

LINK A

Line 8 LINK C

ROLE

LAS

ROLE o7 ROLE

L1

Chamber

Environmental Control System
Portable Recompression Chamber
Recompression Chamber

Security Classification




