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Breaching resistauce/breathing work studies were conducted using a
"perbaric breaching simulator at depths up to 40 feet-of-seawater (FSW) at

simulated work rates ranging from light to extreme. Carbon dioxide (CO)
*i: absorbent canister duration tests are also conducted at 25 FSW in water

temperatures ranging from 29 to 90"F.

Results of unmanned performance testing revealed the AGA OXYDIVE and
DRAEGER LAR V C/C UZA's to have breathing resistance/breathing work and CO2
absorbent canister durations superior to all other UBA's evaluated. One
exception to this finding was that the Navy 'EMERSON' exhibited canister
durations slightly superior to those obtained with the AGA and DRAZEOR units(
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Glossary

BIM breaths per minute

C/C closed-circuit

Canister Breakthrough point at which C02 concentration in the
inhaled gas reached 0.50 percent surface
equivalent

6"C temperature degrees Centigrade

-' cOR20 centimeters of water pressure

C02  carbon dioxide gas

* EDF Experimental Diving Facility Hyperbaric
Chmber Complex

air "temperature degrees Fahrenheit

FIM full-face mask

FSW feet-of-seawater

HP high pressure

UP SODASORB high-performance SODASORI

* kgmw/l kilogram-meters per liter (respiratory work)

* ltv the liter-tidal volume of air breathed in and
out of the lungs during normal respiration

l 1pm liters per minute (flow rate)

MOD modified

NAVSZA Naval Sea Systems Command

, NEDU Navy Experimental Diving Unit

O/C open-circuit

02 oxygen gas

4tP pressure differential (cn 20)

paid pounds per square inch differential

psig pounds per square inch gauge
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Glossary (continued)

34V respiracory--uiute-volume in liters-per-
minute

SCUBA self-contained underwater breathing
apparatus

SEV surface equivalent value

S1 System Iuternational (units of measure)

TEMP temperature

Texp exhaled gas temperature

. 'Tin inspired gas temperature

UBA underwater breathing apparatus

U/W underwater

SI Unit Conversion Table

To Convert trom To Bultiply 3y

kg / 'joule per liter (J/L) 9.807

psi kilapascal (We) 6.895

oC kelvin (K) OT - "C 273.15

ai kelvin (K) OX (7F + 459.67)/1.8

?SV asters of seavater (NWS) 0.305

FSW kulopascal (Npa) 3.065
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Abs tract

Six closed-circuit (C/C) pure oxygen rebreathers were evaluated in the
unmanned mode by the Navy Experimental Diving Unit in accordance with Naval
Sea Systems Comand Task Number 81-16. The purpose of the task was to
provide performance daca on existing rebreathers to aid in the selection of a
now C/C pure oxygen undervacer breathing apparatus (MIA) to replace the
:ur.enc U.S. Navy C/C SCUBA (V(ERSON).

3reathing resistance/breaching work studies were conducted using a
hye .baric breathing simulator at depths up to 40 feet-of-seawater (PSW) at
simu'aced work rates ranging from light to extree. Carbon dioxide (C02 )
absorbent canister duration tests wre also conducted at 25 FSW in water
:emperatures ranging f-ou 29 to 90"F.

,esu.:s of urmanned performance testing revealed the AGA OMlDIVE and
DLAEGEI LAR V C/C UBA's to have breathing resistance/breathing work and C02
absorbent canister durations superior to all other t/hA's evaluated. One
exception :o this finding was that the Navy 'DZERSON' exhibited canister

| durations sLightly superior to those obtained with the AGA and DRAEGUR
, n- :s.
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I. INTRODUCTION

During October through December of 1981, NEDU tested six C/C pure 02
rebreathers in accordance with NAVSEA Task Number 81-16. The purpose of

:" unmanned testing was to evaluate performance to aid in the selection of a new
. - 02 USA to replace the current U.S. Navy C/C 02 SCUBA (EMERSON). Four of
*" the UBA's were of foreign manufacture and two were produced in the United

States. (APPENDIZ A contains a list of manufacturer addresses and models
tested.)

Unmanned testing was conducted in the NEDU EDF. The USA's were
evaluated with respect to breathing work and breathing resistance at

*: simulated diver work rates ranging from light to extreme. In addition, each
rebreather was tested to determine the duration of its (C02) absorbent
canister at a variety of water temperatures ranging from 29"F to 90"7 at
25 FSW.

NOTE: All six UBAs were tested with the flow pattern through the rebreather
'aollows: inhaling from the right hand hose and exhaling into the left
hand hose.

1I. FUNCTIONAL DESCRIPTION

The functional description of a C/C 02 rebreather is illustrated in
*Figure 1. While each model differs in size, shape, internal layout and

specific design parameters, the basic gas flow path, major components and
functional design are similar. The 02 add system is the main area of
functional difference in C/C 02 rebreather design. The AGA OXYDrVE,
BIOPA1 240, DRAEGER LA V, and FENZY P0 68 all have their 02 demand valve
located in the breathing bag or counterlung. The SUARMINE PRODUCTS OX7MAX 3
has its 02 demand valve located in the mouthpiece similar to a conventional
SCUBA regulator. This allows the diver to shut off the C/C loop and operate
in a completely O/C mode for emergency ascents in the event of a flooded
C02 absorbent canister. In the O/C mode, the diver breathes directly off
his 02 bottle. While the duration of the gas supply in this mode is
limited due to the small 02 cylinders inherent in C/C USA design, it does

* offer the diver an alternative breathing source in an emergency situation.
* The U.S. Navy EMERSON does not add 02 via a demand valve. Oxygen is added

to the breathing bags by a manually adjustable continuous flow metering
'i valve. The valve, located in a block assembly on the right breathing bag, is

set to the rate at which the diver uses oxygen.

A description of the basic operation of a C/C rebreather is as follows:

From the 02 cylinder (1), HP 02 peases through the cylinder on/off
valve (2) to the pressure reducing regulator (3) where the EP gas is reduced

- to an over-bottom pressure setting, then piped to the demand valve (4). The
demand valve, secured to the equipment case housing and fitted to the
breathing bag (5), functions each time the bag is emptied on inhalation. On
inhalation, the inhalation check valve (6) opens and the diver receives gas

- from the breathing bag. If not enough gas is available, the demand valve
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actuates, adding more 02 to the system. As the diver exhales, the
exhalation check valve C7) opens, the inhalation check valve closes and the
exhaled gas flows through the exhalation hose (8) to the CO2 scrubber (9);
it is then drawn through the CO2 scrubber (9) with the next inhalation.
During descent, or to purge the unit, the diver merely dep..esses the demand
bypass valve to add gas.

III. EQUZ ipmT SPECIFICAnXONS AND PROTOS

APPENDIX B contains a complete list of manufacturer specifications on
each UBA tested. In addition, photos of each UBA, as they appear when worn
by the diver, are included (Figures 3 through 8).

IV. TEST PROCEDURE

A. Test plan

Figure 2 illustrates the test equipment set-up. APPENDIX C provides
the complete test plan and the test equipment illustrated in Figure 2 is
listed in APPENDIX D. A breathing simulator and hyperbaric chamber simulated
diver inhalation and exhalation at various depths and diver work rates. The
wet box in which the UBAs were submerged simulated the wide range of water
temperatures in which the UBAs might be used. A total of five RMVs were
tested at all normal operating depths to simulate light through extreme diver
work rates. Breathing resistance was measured using a pressure transducer
located in the oral cavity of the mouthpiece or the oral-nasal cavity of the
FYM (OnMAZ 3 only). In addition, breathing resistance was measured in the
O/C demand mode on the SUU(ARINE PRODUCTS OXMAX 3.

B. Controlled Parameters

1. Breathing Resistance Tests - Breathing resistance controlled
parameters included:

(a) Standardized NEDU breathing rates, tidal volume,
exhalation/inhalation time ratio and breaching waveform were controlled as
set forth in NEDU Report 3-81 (reference 1).

b) UBA breathing gas: pure 02.

(c) Depths: 0, 15, 25 and 40 FSV.

d) 02 supply pressure: 1000 psig.

2. Canister Duration Tests - Canister duration controlled
parameters included:

(a) Standardized CO2 add rates and exhaled gas temperatures
controlled as set forth in UEDU Report 3-81 (reference 1).

(b) UBA breathing gas: pure 02.

3
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(C) CO2 absorbent: 3P SODASORB with moisture content between
13.5 and 15Z.

(d) Water TD4P: 90, 70, 55, 4,0, 35 and 29°T.

(e) Relative humidity of exhaled &as: 90 (+ 2) Z.

() Depths: 25 FSW.

(g) 02 supply pressure: 1000 psig.

(h) Canister packing density: Canister duration in any UBA is
quite sensitive to how the absorbent is packed. Consequently, great care was
taken to assure uniformity of canister packing at * 4 ounces in order to
achieve consistent results.

C. Measured Parameters

1. Breathing Resistance Tests - Maximum 4P in cm of 120 (i.e.
total pressure excursion between full exhalation and full inhalation
cycles).

2. Canister Duration Tests: CO2 level out of scrubber expressed
as percentage of SEV.

D. Coinputed Parameters

1. Breaching Resistance Tests: Respiratory work per liter tidal
volume measured in kg.m/l from AP vs volme plots. A typical pressure-Voltme
plot is illustrated in Figure 2.

2. Canister Duration Tests: Exhaled gas TIMP was calculated and
controlled as a function of water temperature based on the standardized
procedure set in NEDU Report 3-81 (reference 1).

E. Data Plotted

1. The following plots were daveloped from daca obtained in the
breathing resistance cests:

a. Breathing exhalation to peak inhalation 0? ve depth at each
INV tested.

b. Respiratory work per liter vs depth at each IKV teasted.

C. Respiratory work per liter vs X4V at each depth tested.

d. Peak inhalation and peak exhalation resistance vs depth at
each I4V tested (OMXT 3 0/C mode on,17).

2. The following plots were developed from data obtained in the
canister duration tests: canister effluent CO2 UZ SET) vs time expressed
a percent of UEV.

!.5
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V. RESULTS

A. Breathing Resistance & Respiratory Work

APPENDIX E (Figures 9 through 21) plot peak differential breathing
pressures vs depth and APPENDIX F (Figures 22 through 37) plot breathing work
vs depth for each UBA tested. Peak inhalation to peak exhalation in cmK20
was measured at each 3MV tested. Breathing work is measured in kg-m/l and is

also plotted at each 3KV evaluated.

Breathing work is a measure of the respiratory energy expended by
the diver to operate his UBA. When used in conjunction with breathing
resistance data, it provides a useful tool in the evaluation of UBA.
TABLE 1 provides a comparison of the peak differential pressures in each UBA
at 25 FSW and 75 RMV while TABLE 2 provides a similar comparison of breathing
work for all six UBA. The numbers in parenthesis in TABLES 1 and 2 represent
the relative position in which that particular UBA finished in each test
(i.e., (1) would represent the best performance of the six units and (6) the
worst).

B. C02 Absorbent Canister Duration Tests

A total of 112 canister duration tests were conducted as part of
this evaluation series. All canister duration tests were conductd at 25 FSW
with ambient water temperature being varied from 29 to 90"F. A minimum of
two runs were conducted at each set of conditions and whenever duration
differences of more than 20 minutes were observed additional tests were
performed. The mean canister durations for each UBA at all water
temperatures are sumrized in TABLE 3. The numbers in parenthesis in
TABLE 3 represent the place in which that particular USA finished in each

, test at each water temperature. At the bottom of TABLE 3, the number in
parenthesis is a summation of the relative position scores at each water
temperature. The lowest overall score will represent the canister with the
longest overall durations.

Figure 38 is an example of the type of CO2 absorbent canister
duration plots generated during unmanned testing. Rest and work cycles are

, readily observed as continuing for the duration of each test. APPENDIX C
(Figures 39-44) plot only the 2 SEV CO2 vs time generated during the work
cycles in order to display the results of testing each UBA at all

*temperatures on one graph. The data on each plot is carried beyond 0.501 SEV
* C02 during work cycles to give a more complete picture of UBA performance.

The graphs stop at 0.88Z SEV CO2 due to limitations in the UEDU gas
* analysis equipment caused by the shallow test depth. Due to the large number

of tests conducted only a representative plot for each set of test conditions
with each UBA is shown.

C. Comparative Results

TABLE 4 provides a means of comparing breathing resistance,
breathing work, canister duration and overall performance of the six USA's
tested. The numbers in TABLE 4 are the relative position scores for the

7



TABLE 1
Comoarison of Toca. Breathing aesistance

Mek Inhalation to Peak Exhalation
Breathins Pressures at 2.5 FSW Mn 75 INV

PEAK~ TO PEAK
DIFPERZNTIAL
BREATHING

AGA 0Z'!DMV1 35 (2)

MOII 1PK240 123 (1)

DKAEGU LAR V 3 3

=T!.Zw P0.68 38 (3)

OXLMAZ 3 C/C (mouthaisce) 62 (6)

QZM'A3 C/C( M.) 90 (7)

OIZIhAX 30O/C CO/C) 3 3 (5) f
IU.S. NAVY '!'ZIS0W 47 (4)

TA=L 2
Comaiisou o' 3reachiagWok

ac 2.5 IPSV an 75 54V

IJLA (kg..,' )

IAG.A ommIV 0.20 (2)

MODIJIE 3101hZ 21.0 0.15 (1)

aRAZGZR LAR 7 0.26 (3)

FUZZ? .0.68 0.26 (3)

OM!AZ 3 C/C (Matuhgiect) 0.39 (5)

-OMZm 3 C/C (MT) 0.70 (6)

UM~AX 3 0/C 0.39 (5)

-U.S. NAVY 'ThUSWON' 02
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TABLE 3

Unmanned Canister Duration Tests
Summary of Results

_____ MEAN T1E TO 0.5% C02 SEV (MIN)
WATER AGA MOD DRAEGER FENZY OXYMAX 3 U.S. NAVY

TEMP (*F) OXYDIVE BIOPAK 240 LAR V P0.68 C/C 'MERSON'

(2) (4) (3) (5) (6) (1)
29 74 39 54 31 9 91

(3) (4) (2) (5) (6) (1)
35 74 49 78 36 7 102

(3) (5) (2) (4) (6) (1)
40 65 34 80 36 12 110

(3) (5) (2) (4) (6) (1)
55 84 58 120 67 12 144

(3) (4) (1) (5) (6) (2)
70 116 108 157 88 31 154

(3) (4) (1) (5) (6) (2)

90 143 115 168 98 56 162
SUMMATION

OF (21) (28) (17) (34) (47) (16)
RELATIVE
POSITIONS_

TABLE 4

Comparative Performance Scores

AGA MOD DRAEGER FENZY OXYMAX 3 U.S. NAVY
OXYDIVE BIOPAK 240 LAR V PO.68 C/C 'EERSON'

BREATHING
RESISTANCE 2 1 3 3 6 4
SCORE ,
WORK OF
BREATHING 2 1 3 3 5 4
SCORE
CANISTER
DURATION 17 26 11 28 36 8
SCORE

TOTAL SCORE 21 28 17 34 47 16

Ii

OVERALL FINISH 3 4 2 5 6 1

9
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breathing resistance and breathing work tests and the summation of relative
position scores for the canister duration tests at each water temperature.
The total relative position score provides the total of all scores with the
lowest score representing the UBA which had the highest unmanned performance
overall. It is important to note that these scores are not statistically
weighted (i.e., each test was regarded as being equally important).

VI. DISCUSSION

A. Breathing Resistance and Respiratory Work. NEDU Report 3-81,
"Standardized NEDU Unmanned UBA Test Procedures and Performance Goals,"
(reference 1) establishes a performance goal of a total maximum breathing
resistance of 22 cmH20 and 0.18 kg m/l respiratory work at 75 RMV and
maximum normal operating 4,tpth for C/C diver breath-driven UBA. This goal
does not represent a minimum acceptable performance level. Rather, the goal
when met by a UBA will insure that the UBA is not the limiting factor in
diver performance.

The goal set forth in reference 1 is established as a function of
depth and breathing mixture. Since 02 USA's are designed as inherently
shallow water devices, the performance goal, which is described for C/C mixed
gas rebreathers with a maximum operating depth of 150 FSW, is applied here at
the maximum normal C/C 02 UBA operating depth of 25 FSW.

Examination of the data presented in Tables 1 and 2 shows that none
of the UBA tested met the established performance goal. However, manned
testing as documented in reference 2 has proven that C/C 02 UBA with
performance similar to the DRAEGER LAR V will adequately support a hard
working diver. Consequently, since the goals established in reference 1 are
dynamic in nature, as more data is gathered, they will be updated to reflect
the most recent and realistic performance requirements available.

The MODIFIED BIOPAK 240 exhibited the lowest breathing work and peak
differential pressures measured during the evaluation. This was largely due

* to the use of an AGA mouthpiece and breathing hose assembly and an extremely
shallow CO2 absorbent canister design. The AGA mouthpiece and hoses were
evaluated previously by NEDU and represent the state-of-the-art in high
flow/low resistance design (see reference 3). However, the BIOPAK 240 is not
specifically a UBA but a fire fighting equipment modified from a materials
standpoint for U/W use and not currently in production for U/W applications.
Additionally, manned testing of the MK 15 UBA, which has a back mounted
breathing bag similar to the MOD BIOPAK 240, has revealed a significant
comfort and off-gassing problem due to the hydrostatic pressure difference
between the breathing bag and the divers mouthpiece or FFM in certain diver
positions. This phenomena has not been observed to a significant degree in
manned testing of chest mounted UBA.

Performance of the AGA OXYDIVE exceeded all others except for the
3IOPAM 240. The AGA USA also used the high flow/low resistance mouthpiece
and hose assembly found on the BIOPAK 240. It should be noted that the AGA
Corporation designed the OXYDIVE around a CO2 absorbent material

10
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manufactured to AGA specifications in the United Kingdom. When tested by
NEDU with this special absorbent, its breathing work and peak differential
breathing pressures were superior to all other UBA evaluated. However, since
HP SODASOID is the only absorbent material approved for use by the U.S. Navy,
all relevant comparisons between the AGA and other UBA must be made based on
tests with HP SODASORS.

The DRAEGER LAI V, FnZY Po.68, and U.S. Navy E4ERSON all exhibited
similar performance. CO2 absorbent canister design and smaller flow
passages accounted for the breathing work and differential pressure values
which were higher than those attained by the OXYDIVE and SIOPAK 240 (see
Tables I and 2). As stated above, manned testing (reference 2) has shown
performance for USA with these work and differential pressure values to
adequately support heavy work.

The SUBMARINE PRODUCTS OXMAX 3 was tested for peak differential
*breathing pressure and breathing work in three modes: (1) C/C with a

mouthpiece, (2) C/C with M and, (3) O/C with mouthpiece. At 22.5 and
40 R4V in the C/C with mouthpiece mode, peak to peak differential presures
and respiratory work are comparable to the other USA tested. However, 62.5
and higher 34V performance was significantly degraded due to canister design
and small breathing passages. Performance decreased further when the
OXYMAX 3 was used in conjunction with the SUBMARINE PRODUCTS FIN. Again,
small breathing passages and check valves in the oral-nasal mask were the

*major contributing factors.

The OXYMAX 3 design of placing the 02 demand valve in the
mouthpiece provides a unique emergency O/C capability to this equipment.
Performance in the O/C mode was comparable to that measured in the C/C with

. mouthpiece mode. However, breathing work at each 3MV was higher than all but
i* one of 36 SCUBA regulators tested during a comprehensive evaluation of

commercial SCUBA regulators (reference 4) performed by NKDU in June 1979.
*i Inadequate second stage venturi assist and small breathing passages and small

mushroom valves are probable contributors to the OX7MAX 3 performance in the
O/C mode. Figures 16 through 20 plot peak inhalation and peak exhalation
differential pressures vs depth for each INV tested in the O/C mode.

NEDU did not perform tests to determine the pressure differential
required to initiate 02 add from the USA demand regulators. The set up is
not conducive to this test and manned testing on a bicycle ergometer provides
more comprehensive results.

B. C02 Absorbent Canister Duration Tests

The standard NEDU unmanned canister duration test scenario as

described in APPENDIX C was conducted. This procedure simulates a diver
resting in the water on a bicycle-ergometer for 4 minutes at an 02

* i consumption rate of 0.90 LPM and then working at an 02 consumption rate of
1.60 LPN for 6 minutes. This routine is alternated until the canister output
reaches a minimum level of 0.502 SEV CO2. Canister durations are generally
somewhat shorter during unmanned simulations than those actually experienced
during manned evaluations. This is due to the unmanned CO2 injection

-°-. 11
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rates, which simulate a man exhaling C02 laden gas into the UBA, being
slightly higher than those actually measured on a man at rest or working in
the water at 50 watts. However, the relative change in canister performance
with varying water temperature will remain the same regardless of whether the
test is manned or unmanned.

The EMERSON had canister durations comparable or superior to all
UBA tested (see Table 3). The long cylindrical fiberglass canister used in

* the EMERSON holds ample absorbent material (see APPENDIX B) and is well
suited, both from insulation and gas flow path standpoints, to diver
breath-driven USA use.

The DRAEGER LAR V exhibited canister durations similar to the
L 14ERSON in warm water but at temperatures of 55"? and below the D4ERSON
canister lasted up to 37 minutes longer. While the construction and capacity
of the LAR V canister is similar to the DEERSON, the oblong shape of the
LAR V is not considered to be as efficient as the EMERSON.

Performance of the AGA OXYDIVE was similar, in general, to that of
the LAR V. The AGA had longer durations in cold water than did the LAR V but
in warm water the OXYDIVE was superior. At 35 and 29F water temperatures
the OXYDIVE had a mean canister duration which was 9 minutes longer than that
measured at 40F. This is not significant since variations of + 10 minutes
in canister durations under identical test conditions are normal, especially
in cold water. It is important to stress again that the OXYDIVE radial flow
canister was designed around a specific absorbent material manufactured to
AGA specifications. NKDU performed canister duration tests with the OXYDIVE
using this material and results were superior to all USA tested, including
the D4ERSON, in all water temperatures. When used in the AGA, the special
absorbent material produced canister durations which were virtually
independent of water temperature. However, as with breathing resistance and
breathing work testing, all relevant comparisons between the AGA and other
UBA for U.S. Navy application must be made on the basis of Hp SODASORD.

Mean canister duration times were similar in the FENZY PO.68 and the
MODIFIE' BIOPAK 240. Both UBA have metal or metal lined canisters and hold
one pound less absorbent material than the DRAIGER or AGA units (see
APPENDIX B). This combination of low thermal insulation and less absorbent
material accounts for the shortened canister durations measured by NMDU. In
addition, while the donut-shaped design of the REXNORD canister is similar to
the U.S. Navy MX 15 and MK 16 USA canisters, the BIOPhE 240 canister is
extremely thin. As little as 4 to 6 ounces change in packing weight caused

+ I hour change in canister duration times. Consistent canister duration
cimes were impossible to achieve unide thentical test conditions due to the

extreme sensitivity of the BZOPAE 240 canister to packing density.

The SUU4ARINE PRODUCTS OK3MAX 3 exhibited canister durations which
were significantly less than any other USA tested (see Table 3). The OIMA1
3 canister is uniquely located inside the URJA's breathing bag in order to

better insulate it from cold water. However, the canister holds only 3.3
pounds of RP SODASORS. This coupled with its short, flat cylindrical design,
does not allow sufficient dwell time for the exhaled gas passing through the

12
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canister to be properly scrubbed of CO2 • SUBARINE PRODUCTS LTD has
developed a cold water modification for use with the O1ThAZ 3 in water
temperatures of 5507 or less. NEDU tested this modification and found that
canister durations vere increased by a factor of 2 to 1 over those recorded
in Table 3 between 55 and 2907.

Viz. CONCLUSIONS

Of the six USA tested, the RIENORD Modified IOPAK 240 exhibited the
least peak to peak differential breathing pressures and breathing work
measured. However, short and inconsistent CO2 absorbent canister durations
demonstrated several serious shortcomings in the UBA design.

Breathing resistance/breathing work levels were similar between the AGA
OXYDIVE and DUAEGER LAR V with the AGA unit being slightly superior. The AGA
and DRAIGER units also significantly outperformed all other UZA, with the
exception of the EfhRSON, in the area of canister durations.

it is interesting to note that while the AGA OXYDIVE and DRAZGER LAR V
are more compact and techuically advanced than the ImERSO, the L4ERSON cane
in first place in overall performance based on unmanned testing (see
Table 4). This fact can provide important information as various design
criteria are considered for future closed and semi-closed circuit USA.

While exceeding the goals set in NEDU Report 3-81 (reference 1), manned
testing indicates that both the AGA OXYDIVE, DRAIGER LAR V and EMERSON have
breathing resistance/breathing work and canister durations which will
adequately support a working diver at 25 FSW (reference 2).
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* Closed-Circuit Oxygen Rebreather,' Jaws R. Middleton and Claude A.

Piantadosi, August 1979.

3. NEDU Report 11-79, 'Unmanned Evaluation of U.S. Navy UIA Zr-16
* Prototype Closed Circuit Rebreathar,' Jams 1. Middleton, December 1979.

4. NZDU Report 2-60, 'Evaluation of Comercially Available SCUSA
Regulators', Jins 1. Middleton, March 1960.
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APPENDIX A

List of Manufacturer Addresses

Mtode 1: AGA OXYDIVE

manufaccurer: AGA SPIRO AB
S-181 81 LIDINGO, Swedeu
Tel. 08-731-1211

Model: 3IOPAK 240

Manufacturer: REXNORD IND.
Great Valley Corporate Center
Malvern, PA 19355

Model: DRAGER LAR V

Manufac:urer: DIAGEM21 AG Lubeck
Diving Technics
Postfach 1339
Moislinger Allee 53/55
Lubeck 24
Federal Republic of Germany

., Model: FENZY P'0.68

Manufacturer: LA SPIROTZCHMIQUR I.C.
* hNDUSTRIZ= ST COIMOIULE

06510 Carroe industries (T)
franc*

American U.S. Divers Cmpeny
Distributor: 3323 West Warner Avenue

Santa An&, CA 92702

Nodel: O11XA 3

Manufacturer: UMRMA PODUCTS LDEZTZD
Bridge End

Northmber land N364JP
England

Model: U.S. Navy C/C SCUIM ( IESON)

Manufacturer: so longer manufactured

A-1
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APPENDIX B

EQUIPMENT SPECIFICATIONS AND PHOTOS

A. AGA OXYDIVE (Figure 2)

Dimensions: 13.8 in. x 19.7 in. x 7.5 in.
Weight: 23 lb.
02 cylinder capacity: 10.6 cubic feet @ 3000 psig
CO2 canister capacity: 5.0 lbs.
CO2 canister material: fiberglass
Harness design: front-mounted, neck and waist straps
Breathing bag volume: 7 liters
02 supply pressure gauge: yes
Manual 02 bypass valve: yes
02 add system type: demand valve located in breathing bag
Special features: the amount of 02 metered on demand is aijustable

B. REVRORD BIOPAK 240 (Figure 3)

Dimensions: 14 in. x 19 in. x 8.8 in.
Weight: 24 lb.
02 cylinder capacity: 21 cubic feet @ 3000 psig
CO2 canister capacity: 4.0 lbs.
C02 canister material: metal
Harness design: back-mounted, shoulder and vaist straps
Breathing bag volume: 4 liters
02 supply pressure gauge: yes
Manual 02 bypass valve: yes
02 add system type: demand valve located in breathing bag
Special features:

(1) Fire fighting apparatus modified for U/W use
(2) Utilized aA mouthpiece and check valves

C. DRAGER LAR V (Figure 4)

Dimensions: 11.8 in. z 16.7 in. x 6.7 in.
Weight: 24.2 lbs.
02 cylinder capacity: 10.6 ft. 3 Q 3000 psig
C02 canister capacity: 5.0 lbs.
CO2 canister material: fiberglass
Harness design: front-wounted, neck and vaist straps
Breathing bag volume: 6 liters
02 supply pressure gauge: yes
Manual 02 bypass valve: yes
02 add system type: demand valve located in breathing bag



I

D. ".TZY P0.68 (Figure 5)

Dimensions: 13.9 in. x 15.9 in. z 8 in.
Weight: 15.5 lbs.
01 cylinder capacity: 10 ft.3 @ 3000 psi&
CO2 canister capacity: 4.0 lbs.
CO canister tacerial: fiberglass lined with brass
Rar-ess design: froac-mounted, neck and waist straps
Breaching bag volume: 4 liters
0" supply pressure gauge: no
Manual 01 byPass valve: no
0, add svscm type: denand valve located in breathing bag

: . OXIMAX 3 (?igure 6)

Dimensious: 13 in. x 15.74 in. z 7.1 in.
Weeigh:: 15.5 bs.
0, cylinder capacity: 14.12 ft.3 0 3000 psi&
C52 caniseer capacity: 3.3 lbs.
COI anister material: fiberglass
3aruess design: franc-mounced, meck and waist scraps
3reaching bag volme: S liters
01 supply pressure sause: yes
1amaal 02 bypass valve: yes

02 add system type: dmand valve located in mouthpiece
Special features:

(1) Bas ability to be used as 0/C demand SCUBA in mrgencies
(2) Unit may be used wich DM4 or mouthpiece
(3) C02 absorbent canister is located inside the breaching bag for

insulation

Y. u.S. Navy C/C SCUA (L!ZLIM) (Fyigres 7 a W1

Dimensions: 12 in. z 22.3 in. a 5 in.
Weight: 35 lbs.

0 cylinder capacity: 12.7 ft. 3 0 2000 psig
C02 canister cap ci y: 4.3 tbs.
CO% canister material: fiberglass
lamess design: back-mounted, harness integrated with breaching bags
breaching bag volume: S liters (2 bags)
02 suply pressure gauge: yes
Imamal 02 bypass valve: yes
02 add systcem ype: adjustable constnt flow orifice located in

cono l block on the lower righc breaching bag

P-2



Figure 3. AGA OXYDIVE

Figure 4. REXNORD BIOPAK 240
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Figure 5. DRAEGER LAR V

Figure 6. FENZY P0.68
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Figure 7. OXYMAX 3

Figure 8. U. S. C/C SCUBA (EMERSON), Figure 8A. Side Viev
Front View
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APPEN4DIX C,

Test Plan

A. Test plan for breathing resistance evaluation:

(1) (a) Insure that 02 UBA is set to manufacturers specification and
*is working properly.

(b) Chamber on surface.

(c) Calibrate transducers.

(d) Open make-up gas supply valve to test UBA.

(e) Adjust breathing machine to 1.5 1 tidal volume and 15 BIM and
take readings.

(f) Adjust breathing machine to 2.0 1 tidal volume and 20 BPM and
take readings.

(g) Adjust breathing machine to 2.5 1 tidal volume and 25 BIM and
take readings.

(h) Adjust breathing machine to 2.5 1 tidal volume and 30 BPM and
take readings.

(i) Adjust breathing machine to 3.0 1 tidal volume and 30 BPM and
take readings.

(j) Stop breathing machine.

(2) (a) Pressurize chamber to 15, 25 and 40 FSW.

(b) Repeat steps (1)(e) - (1)(j) at each depth.

(3) (a) Bring chamber to surface.

(b) Check calibration on transducers.

(4) Repeat steps (1) - (5) with other UBAs and mouthpiece and face mask
assembly, as applicable.

B. Test plan for C02 canister duration evaluation:

(1) (a) Insure that 02 UBA is set to factory specifications and is
* working properly using HP SODASOUB.

(b) Chamber is on surface.

(c) Calibrate transducers and C02 analyzers.

c-i



(d) Open make-up gas supply valve to test UA.

(e) Water TD(P co be approximately 90"F.

( ) Start hmidity add system.

(g) Pressurize chamber to 25 FSW.

(h) Start CO2 add and maintain following procedure until 1.0% SEtV
CO is reached:

4 minutes at 0.9 LP CO2 add/2.0 I tidal
voluime and 11.5 3P..

6 minutes at 2.0 L24 CO2 add/2.0 . tidal
volume and 2 BP.

() Take data every 30 seconds to breakthrough.

.-) ?.epeat seeps (1)(a) - (1)(i) a: 70, 55, 40, 35 and 29"F,
respect:i.vely.

V
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APPENDIZ D

Test Equipment

1. Breathing Machine.

2. VALIDYNE DP-15 pressure transducer v/1l.00 psid diaphragm (oral pressure)

(1 ea).

3. Wet test box.

4. The EDF heating and cooling system will be used to control water
temperature during the canister duration tests.

5. MFE Model 715M X-Y plotter.

6. VALIDYNE CD-19 transducer readout (1 *a).

7. External 02 supply pressure gauge.

8. Chamber depth gauge.

9. Test USAm.

10. Breathing machine/piston position transducer/C02 and humidity-add
system.

11. Relative humidity sensor.

12. Strip chart recorder.

13. Thermistor for inhaled gas TEMP (1 ea).

14. DIGITEC RT-5820 Thermistor readouts (3 ea).

15. BEC4AM 865 Infrared Analyzers for monitoring CO2 out of the scrubber
(2 eas).

16. HEWLETT-PACKARD Model U? 1000 Computer System.

1
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APPENDIX E

Breathing Resistance Data

Peak inhalation to peak exhalation differential pressure vs depth is
plotted for all six UBAs tested. Peak inhalation and peak exhalation
resistances vs depth are plotted for the OXYMAK 3 in the open circuit mode
only.

Figure 9 : AGA OXYDIVE

Figure 10 : MODIFIED BIOPAK 240

Figure 11 : DRAEGER LAR V

Figure 12 : FENZY PO. 68

Figure 13 : OZ!MAX 3, CLOSED-CIRCUIT MODE

Figure 14 : 0MAI 3, FULL FACE MASK, CLOSED-CIRCUIT MODE

Figure 15 : OKMA 3, OPEN-CIRCUIT MODE

Figure 16 : OZMAI 3, OPEN-CIRCUIT DEMAND MODE

Figure 17 : OMAZ 3, OE0I-C IRCUIT DEAND MODE

Figure 18 OMTAX 3, OPE-CIICUIT DEAND MODE

Figure 19 : OXYMAX 3, OPEN-CIRCUIT DEMAND MODE

Figure 20 : OMAX 3, OPEN-CIRCUIT DEAND MODE

Figure 21 : U.S. NAVY CLOSED-CIRCUIT SCUBA (EMERSON)
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APPEIDIX F

Breathing Work Data

Total respiratory york vs depth at each RKV tested and total respiratory
work vs ENV at each depth tested are plotted in this section.

MVEY:

Figures 22 through 23 : AGA OXDIVE

Figures 24 through 25 : MODIFIED BIOPAX 240

Figures 26 through 27 : DRAEGZR LAR V

Figures 28 through 29 : FENZY PO.68

Figures 30 through 31 : OXYKAX 3, CLOSED-CIRCUIT v/mouthpiece

Figures 32 through 33 : OM!AX 3, CLOSED-CIRCUIT v/FMh

Figures 34 through 35 : OXMA 3, OPZ-CIRCUIT

Figures 36 through 37 : U.S. NAVY CLOSED-CTILCUIT SCUBA (EERSON)
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APPENDIX G

Canister Duration Data

Data for canister duration (Z SEV vs time) is contained in this appendix
for all six UBA's tested. Effluent out of the canister was monitored during
all tests to a level of 0.88% SEV and test results are plotted to this point
on each graph. Canister breakthrough is considered to occur at 0.50% SEV.
Data is gathered beyond this point to more fully examine the operational
limits of the equipment. Testing was terminated at 0.88% SEV due to inherent
design limitations in the gas analysis equipment when used at very shallow
depths.

KEY:

Figure 38 UPRESENATIVE PLOT OF ACTUAL CO2
SEV VS TDME DATA

Figure 39 : AGA OZYDIVE

Figure 40 : MOD BIOPAK 240

Figure 41 : DRAEGER LAR V

Figure 42 : TWZY PO.68

Tigure 43 : OXMAX 3 CLOSED-CIRCUIT v/uouthpiece

Figure 44 : U.S. NAY! 'EMERSOwN
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