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‘ The Prototype MX 12 BEDS , Hilium ’G*~gen System

was evaluated to test the abilit y of the system to
• support a diver performing susta ined heavy work, and to

eetablish the life expectanc y of the carbon dioxide

absorbent bed . During graded exercise the divers ’ heart

rate and helmet CO 2 levels were measured. During

cannister studies, the cannister af fluent was continuousl y

monitored for CO2. Analysis of the data revealed that

• the system can support a diver performing heavy work -

(3 .0 L/Min 02 aona~wption) . However, the carbon dioxide 
-.

absorbent bed was shown to have a life expectancy incom- 
- .

patible with operational dives at normal working depths. *~~
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In 1976, the U.S. Navy Mark 12 Surface Buppôr~ód Diviflg •

4 --: 
• •

- 
• • . . 

• •

System (88DB) .uàcessful].y campi.sted both techni~a1 and operational
• •• • -~~~~~- • --  ~-~s~ - - - - • 

• 
• • 

~~~~~ • .,

evaluation s in the opin citcuit air mode. The lyitam consists
~Lof thermal undergarments, d~y suit, outer garment, neck ring,

comfort plate , weights , rubber boots , helmet, m d  im~bilicai

(gas supply, safety lines, and: .~~l11i1niCatiOn~$)~ Ongoing

engineering ..on ---the !~ rk 12 has resulted in the devslol?ment

Of a. recirculator assembly for - uss in semi-closed mod. with

mixed gas. • This ass~~b1y consists of a manifold, an ejector , 
-

an emergency gas. bottle. a aociat d valves and hoses, and a

co2 
absorbent bed ~ontiined .~n a 5.7 . liter .cannister (Figure 1)

During normal operation s, surface supplied gas is delivered

tO the manifold of the MX . 1.2 88DB . rSCi tatot assemb ly.

Her. th . gas is directed to the ejector which is positione d in

emch a way that a venturi aatio~ secondary to gas flow through

• • a .028 diamstàr or ifice entr ains gas from the CO2. absorbent 
-

bed, drawin g additiona l hel*et gas into the cannister , and sends

scru bbed and supply gas back into the helmet. In this manner,

a small ejector f low is designed to produce a syst flow - I

sufficient for ad.quats helmet ventilat ion and carbon dioxide

sbsorption~
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To conf irm the functioni] *s~ lity of the Prototype

• MX 12 58DB at its operational depth , a 3*0 P8W saturation

diva warn scheduled at NEDU. While this system is neither

designed nor iat.~4 d  for use in a saturation 
- 

system, this

method was selected . to allow controlled experiments of longer
• • ~~~~ ~~~~- . . • - - ..

duration than would bavC been possible had surf ace supported

div. profiles been utilisød. . . -
. . - .

SewSral factOrs affect -the - abi1~ty -of a divsr to perform

sustained work while diving -~ths mixed gas ~MX 12 8858. The most

important of these is the level of carbon dioxide (P(~ 2
) inside

-
. 

the helmet . This valu ii dependent upOn h.last ventilation

rate, efficiency of the carbo n dioxide absorbent bed, and the

diver ’s rate of carbon dioxide produCtion. - 
- The purpose of the

study is twofold s

(1) to test the abil ity of the syBtem to suppor t a diver

pàfornii sustained heavy work,- and • -

(2) to estab lish the life expoctanCy of the carbon dioxide

absorbent bed.
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• The aixt*en -day rni~~ l-ated div, warn conductsd in the
ö Ocean Simulati on Pacility of the Nave txpsrirnsittal Di~ifl~ Unit.

-
. Six exper ienced , healthy male diver s served as subjects .

• 
Physical characteristics of the men are depicted in Table 1.

• — - 
~~~~~

- -: • 
. -

•

All subjects performed caliathenic s and a run of up to 7 Km

five days per week for eight weeks prior to the dive . In 
-

addition , each man performed ten to twelve underwater work 
-

cycles , similar to the experimental protocol , during the

pre-dive period .
• I~~- •’- -

Each diver -w~ore the Protot ype MX 12 SSDS . Breathing gas

was delivered to the manifold via 600 feet of MX 12 umbilical

hOá.~ at - o~,erbOttcm pressures calcu lated to produce a system 11.0w

of ~6 ACPM , previously report ed by T~~~l~~~i~fl (1974) to pr*~ent-

helmet from exceedin g the estab li$hed Navy Limit of 2%

surface equivalen t value (8EV) with a diver performing heavy

wo~k loadS (V02 ~~ 3.0 liter s/minute ) . • Th* overbottom pr .ssur es

used were 26 psig at 20 P8W , 45 psig at 200 P8W , 55 -.psig at

380 P8W, and 60 psig at 450 P8W . The actua l system flows were

not measured . 
.

During baseline measureme nts at 20 P5W the breathing gas

was 80% helium — 20% oxygen (P 1 of 244 amfig) , while at
• 

• 02
200 P8W it was 92% helium — 8% oxygen (P102 

of 429 smUg) ,

and at 380 and 450 P8W it warn f 5% helium — 5% oxygen (P102
of 476 and 556 smUg respect ively) . The gas mixtures at depth

N
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were selected to replace standard shipboard mixed gas (84%
helium - 16% oxygen) to obviate oxygen buildup in th . chamber
complex which would have placed the divers at increased risk

- • 
- of suffering oxygen toxicity.

The experimental protocol was divided i~sto two phases .
-

• The fir st phase consisted of graded exercise to evaluate the
ability of the dive system to support a working diver • The

• initial portion of each graded exercise sequence was a ten

minute rest period . This was followed by six-minute work
periods, separated by four minutes of rest, at 25, 50, 75,
100, 125, and 150 watts on an esp.cially modified pedal

ergometer (James 1976) mounted on a fram. approximately

fifteen feet underwater. This sequence was carried out at
1.6 ATM (20 P8W) , 12.52 ATM (380 iSV) , and 14.64 -A TM (450 P8W) .
Since the resistive fluid medium alone has been estimated to

increase the work of cycling by 33 — 42% (Costill) , it is
possible that the actual work performed to overcome the
combined r sistanc. of the ergometer, water, and , thermal suit
may have increased the net work output to perhaps twice the

indicated load.

All measurements were mad. during th. f inal minute of each

exercise period • Conventional ECG leads were fastened to fixed

locations for measurment of hear t rates • Gas samples wer. vented

from the r.oirculator inlet and outlet through a l/t O.D.

tube at an appropriate flow rate to a mass spectrometer located
I
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outside the chamber . Throughout portions of the experimental

sequenc e cóntifl uous recordi ngs wer , obtained of heart rate ,

and the oxygen and carbon dioXide frac tions of the gas

passing into and out -of the recirculatOr • Water temperature

was maintained at 15. 6 C ~

The second phase of the experimental protocol was designed

to evaluate the life expectancy of the carbon dioxide absorbent

bed . It consiste d of exercise periods ident ical to those used

in phase one • However, the work load used was maintained at

75 watts , and the only parame ter recorded was a continuous

tracin g of the carbon dioxidf fract ion in the gas passing

out of the recirculato r assembly. Exercise continu ed unt il

cannister breakthroughs was obtained , def ined in this study as

the point at which the CO2 
in the cannister effluent atta ined

a value of 0 • 5% 8EV. Baralyme was the CO2 
absorbent ut ilized .
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Figure 2 shows th. mean hSInet .;P~02 
levels for the six

work rates at 20, 300, and 450 iSV. At no point during

grad ed exercise did the helmet reach 2% 1EV (15.2 smUg) ,

although it approached this valu e during the 150 watt load

at 450 iSV. During each rest period between work cycles,

the helmet P decreased to less tha n 0 • 5% 8EV • At restCO2
there was no significant difference between the helmet ~co2
at 20 P5W and that found at either 380 or 450 POW . During

graded exercise , however, there was a statistical lly significan t

difference (p ~ ..01) between the mean helmet 
~~~ 

at 20 P0W
2

and that found at both 380 and 450 POW. There was no significant

difference between the value s observed at 380 and 450 POW.

Figure 3 shows mean heart rate plotted ag~inat work load

• at 20, 300 , and 50 POW . The heart rate , which ii directl y

proportional to oxygen consumpt ion , increased in a linear

fashion with increa sing work loads at all depths . The plots

obtained are similar , and the mean rates for the maximum work

loads at 20, 380 , and 450 POW were 172 , 174 , and 180 respectively.

If it is assumed that actual work output was 33% greater than -

that indicated on the ergometer , or if the above hear t rates

are correl ated with value s obtained during work in the dry

laboratory at one atmosphere pressure , the estimated oxygen

consumption at maximum toler ated work was appr oximately 3 liters

per minute (Astrand, 1970) .
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Figures 4, 5, and 6- are graphic depictions of cannister

effluent versus time in minutes at 20, - 200, and 380 P8W.

All curves shown are remarkably similar , and differ only at the

point - in time at which cannister effluent CO 2 levels begin to

rise . As shown in Tabl: 2 the mean cannieter duration for all

depths combined was 79 13 minutes

DI6CUSSIO~

The amount of work man can perform in a dry environment

usually i. limited by the function of the cardiovascular

system. In diving , however , venti lation often proves to

be the pr imary limitation . If . a diver ’s ability to increase

ventilation with increa sing ventilatory requir ements is

di,’inished, the level of carbon dioxide in the blood and

tissues rises. As this occurs, a number of physiological

responses occur, some of which can prove hazardous or even

fatal to the diver . Among these are an increased susceptabi].ity

to inert gas narcosis , decompression sickness , and oxygen

toxicity , an increasing somnolence , possible coma , and

convulsions . It is obvious , then, that ventilatory re-

strictions to diver work performance play a ma )or role in

the design criteria for any prospective underwater breathing

apparatus .

_ 
~~~~1
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• Restrictions to adequate ventilation usually result

from one of two factor.. - First , elevated - breathing gas

density increases the resistanc e to gas flow in the airw ays 
- -:

of the lungs and in the breathin g apparatus . -This can result

in either an excessive work of breath ing with a subsequent

deterioration of useful work output , Or a reduction - in

adequate ventilation accompanied by carbon dioxide retention .

If the restriction ii sufficiently severe, both a reduction

in work output and carbon dioxide retent ion may occur .

The second factor that may lead to inadequate ventilation is

elevated carbon dioxide levels in the diver ’s br eathing gas .

In such a situation , a reduction in effective ventilation

may occur ar4 lead to carbon dioxide retention .

The Prototype M~ 12 SODS -used in this study is a semi—closed

helium—oxygen system . The use of helium—oxygen rather than

air at the depths of this study obviated ventilatory restriction s

due to increased gas density . The densities of the respired

gas mixtures were 6 g/L at 20 FSW , 3.07 g/L at 380 P8W ,
• and 2.11 g/L at 450 P8W. The use of a helmet in a

recirculatin g mode with carbon dioxide absorption , however ,

can lead to increased ambie nt carbon dioxide with resultan t

carbon dioxide retention . Since helmet carbon dioxide levels
) are dependent upon CO2 production , CO 2 absorption , and helmet

ventilation , the purpose of this study was to ensure that

the system would support a diver performing maximum work,

and establish the Lif e expectancy of the CO2 absorbent bed .

— 8-
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As shown in Figure 2 ~ at no time during graded exercise

at 20, 380 , and 450 POW did the helmet P ~. reach 2% 5EV
- 

Cl,2
(15.2 isuNg). $ inc lair and Welch demonstrated that exercise

in air With an arnbi4nt P - of 21 smUg resul ted in small inar sases

in arterial (3.6 amH~? at light work loads that

decreased to near mean resting control levels at heavy

work loads . They concluded that an ambient atmosphere

conta ining a partial pressure of 2]. mmHg carbon dioxide

was well tolerated by subj ects engaged in any activity up

to -- and including strenuous stead y state exercise .

The CO2 levels demonstra ted in the present study were not

H - only well below the 21 smUg used by Sinclair and Welch,

but they were also below t he -U.S. Navy h i t  of 15.2 smUg.

It can be concluded from these results that the MX ~2 SODS

can support a diver perform ing continuous heavy work provided

the carbo n dioxide absorbin g bed remains active .

• Figures 4 , 5, and 6 gra phically show - the resul ts of the

cannister break throu gh studies at 20, 200, and 380 POW.

All curves obta ined are remarkably similar and differ only

at the point in tine at which the canni ster effluent CO 2

levels begin to rise . The curves support the selection of

-; .5% 5EV CO 2 as the cr iterion for cannister breakthrough,

for once this value is reached there is a markedly increasing

rate of rise in the effluent CO2 levels with time. Table 2

—9—

—~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ — ~~~~~~~~~~~~~~~~~~~~~~ 
- - - 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~ 
— - -  - i _Ii __ i 

—-- --- — 

~~

- - —

~~~

shows that the iusan~aaanistsr duration for. aU depths
II I-

was 79 minutes. It is apparent from the above result s

that the capability of the MX 12 5106 to support a diver during

an operat ional dive at maximum worki ng depth is inadequate.

SUMMARY

The Prototype MX 12 SODS was evaluated during a 360 TOW

saturat ion dive for its ability to - support a working diver. The

results clear ly demonstrate that while the system can support

temporarily a diver perfor ming heavy work , - it cannot support

a diver for sufficient time to ccmplete an operational dive

at normal working depths . It is - therefore recosuended that

- 

- approva l of the mixed gas MX 12 SSDS be delayed until

improveme nts in cánniater design and function are made .
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1 33 160 79.6

2 34 178 77.6

3 36 183 92.1

4 2$ 173 47.3.

5 32 113 93.9

6 27 16$ 76.2

TAu t 2 MX 12 8605 CANISTR aIA~~~~~~~

20 70

200 92

200 61

380 73

380 87

310 90

M~~ 79 $ieut s
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1. Uslast Supply Bose 3.1. ~~srgsncy Supply Bose
2. Ejector Bypass Whip 3.2. ~~ rssncy Valve . 

—

-J 3. Scrubbi ng Asent 3.3. Mixed Gas Supply Whip
4. Ejector 14. Shell Insulation
3. Not Water Pitting 3.5. Shal t
6. Screen 16. Esergsncy Bottle
7. Ejector 17. Canister Insulatisu

• S. Manifold 18. Canister
9. Ejector Supply Valve 19. Screen Deflector

3.0. Ejector Bypass Access 20. Canister Supply Boss
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