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Practical Evaluation of a Diver Gas Recovery System up to 300 msw

Mineo OKAMOTO* 2 Shun-ichi FUKUDA*?
Itaru OGURO* 2 Akira AOKI *2

As part of a manned 300 m offshore dive project-New Seatopia Project-using
the multi purpose research vessel 'KAIYO”, a diver gas recovery system (Gasmiz-
er and SLSs) was evaluated practically at 60,100,200,300 msw.

The equipment onboard “KAIYQ” consists of a control console, a gas repro-
cessing unit, two electric gas boosters, two two-men bell units, four diving helmets
and two SLSs.

Totally 27 dives were conducted during the project and diver’s breathing
times were 46 hr 44 min(20 hr 45 min at 300 msw). The system worked well
through the whole dives and was easy to operate.

Consumption rates of diver supply gasses were measured correctly at 200
and 300 msw dives. As the result, the gas recovery rates during practical diving
operations were estimated 84~91%.
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Two SLSs were evaluated by six times breathing endurance tests at 295 msw
dry environment. Divers could breathe at least 30 minutes. The only problem was
the uncertain CO, scrubber housing tightness.
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Table 1 Diver umbilical hoses
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Table 4 Gas-mix for saturation
diver in JAMSTEC

% E O, He
60 m 10 % g0 %
100 5 95
200 3 97
300 2 98
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Table 5 Gas-mix for secondary
life support system
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100 18.0 82.0
200 9.5 90.5
300 6.8 03.2
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Table 6 General description of bell
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Table 12 Diving experiment using diver gas recovery system
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Fig. 6 Oxygen concentration of diver supply gas at 60m dive
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Fig.8 Oxygen concentration of diver supply gas at 200m dive
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Oxygen concentration of diver supply gas at 300m dive
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#13 oy 79 MPBKTORBREEMFHGER

Table 13 Test result of diver gas recovery system

o 0% B i e He -0, B & |
&9 B o el
FAIN—1  FA4r5— 2 : &t %A B 2A

1 60 msw 38 4 38 7. 893— 926% — N& — Af/min  — Nm3/hr %
2 26 217 9.36 9:57 — ~ ~

3 41 40 9.53— 9.76 - - -

4 59 56 9.98— 10:12 - - -

5 84 84 10.13—10.28 — - -

6 100 19 0 5.07— 5.08 —~ ~ -

7 40 35 5.08— 5.12 - - -

g8 50 42 512— 5.17 - - -

9 64 56 5.17— 5.23 - - —

10 ~ 53 54 511— 5.25 - ~ -

11~ 70 68 514— 5.27 — - -

12 200 37 25 3.00— 3.11 5854 4.39 11.3 90
13~ 27 0 3.00— 3.08 2,318 3.99 10.3 92
14 » 60 35 3.05— 310 1,976  0.97 2.5 98
15 » 64 43 3.03— 310 1,872  0.82 2.1 98
16~ 57 37 2.98— 3.06 3,925 1.94 5.0 96
17 » 58 72 2.95— 3.10 18774  6.72 14.1 89
18 300 62 57 2.03— 2.09 51,487 1363 52.0 72
19 » 40 48 2.01— 2.03 16,353 5.85 22.3 88
20 » 96 92 2.10— 2.12 34,269 5.74 21.9 88
21 56 51 2.09— 210 26,459  7.79 29.7 84
22 61 58 2.07— 2.13 18598 4.92 188 90
23~ 63 60 2.08— 2.12 18331 4.69 17.9 91
24 50 51 2.08— 2.10 14,447 4.51 17.1 91
25 67 68 2.10— 2.16 33,256 . 17.76 29.6 84
26 53 51 2.14— 218 22559  6.83 26.0 86
27 82 79 2.17— 220 38271  17.46 28.5 85

% 14 200m#E/KED O, BINE i3k ic &
BEJ[IHTAHRDO, BEZIL, BEEL X
3% O,
Table 14 Changing rate of O concentra-
tion in the diving gas in

conjunction with O, addition or stop.

1 B © OtEREBE
#5 F 43— D

s n & 1k
12 1 0.65 % -021%
14 2 0.09 =,
15 2 0.06 e
16 2 0 o -
17 2 0.18 —.0.42
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Fig.10 Schematic of-manned

breathing test at 200m dry
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iy & [Ehk (F14) ik 5 &, 1 BRIT0.37% ”kU
0.28 % DI THIEVE D>t THIZRBFFD
FAN—IZBEL TR, D% DEFEIREBITE S
TO, HEBELDEL-TCEickd, EXRHTA
D COBERIAFMMALUT (¥o) TH-7. N
WAy RO RAZIOB<R 70N, EA 7 X
MAHEDP S T VI U O BE XA R
I B UT#90.04 atm &V E, COBE 3001~
0.03 atm OHEFH TEIL L Tz, TORBKIEFESR
HZADEICE L, OBRTR 7 D ORNIIFERA A
DI~V X PRICTERG LT I ¥l iz, 7
2L, BQUWET<YFULFaV—9D0OLDHAR%
%5 O THRICEIE ISV, COBEDELZRT
b, AFERICK 5 CO, ERDMERNFIE <, ~v A

PCO2

atm
10.04

10.03
10.02
10.01

X 11 200m F 74 REE TS HRESER

15, Dz .

ARy NAHF R, F = //8N— : EKEERSE

Fig.11 Oxygen and carbon-dioxide concentration of
circulation gasses at 200m dry dive
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Fig.12 Oxygen and carbon-dioxide concentration of circulation gasses at

200m dry dive
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AN—DHE L1 O ZRRNICHRMT LBV, E
BRiCiZ 44 N—BEEHAHD = 2 —FR, BN
AT DIDDHTAY 7Y v I7Eickh, DL
TORANDOH R I EN5,

ZZT200, 300 mpAEt16EIODO » 7 7 b
RIKBRIC, 54 /N —D5FER L TU 7o ] D 8 7K FE I
HZXDHEBERHAZIT->THI, Hillil, B
5208 DK a— 4% VI ODFENIETAEEES
Tl acEicEkAEA AR E LI, TDE, ¥
v DEHA—EMLLEITER DT D He— O, £t
WMAREAE Lo # V7 OENMET L TESIC
REABZ X9 Tl > 1:Bicid, He—O; ftiafH
157 ELTEAZ LRSS, 2D 14/
DHERICDWVWTIX, F2BJ 3H]DIEH RS L
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200mB/KTIIER 2~ 14 NBD X 2 HE L
L7ze #1475—1 ABH1-DTIT 082~6.72 AL/min
DHEBEEB Th -712, Dive 12 THHITHEEHZ
Dit, 200mTHRADO w 779 RTHD, ~
Ay b EBEKRE - FILT 3EF0FEHHAREZIT- 12
C&itkB, Divell DFE, 203 R LBEER
BEW LT, TN 1805 4 ,3—h5FE X DFE
¥AGT, ZORBIANNVA Y FPDXRy 7 ¥ —
O ZADNBET 122D Th - 70
300mAA/KTiE, 200miCTH# L TidB DTk
BOHAZEE Lz, BELPIEZEKRL LBE1T
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13 200 m #7KE; DEKFFIR A X HER

Fig.13 Accumulative consumption of diving gas-at 200 m dive.
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40 27
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X 14 300 m /KK DBKFFR AT X HER

Fig.14 Accumulative consumption of diving gas at 300m dive

BT 52 AHE L 72D, 2Hid300mdE 1 [H] KR->1Te TOBRBURHBE—FELTLEL,
IO, 5473 —HHBEEIC TR L THRIE I X METREE LIS ZNICRESWED AL, HR
LIzOBBERTH -7 KIGIKRLIZEDIT, # AR LT -C itk b, - TDive 18 DY

KDY BICKEE BiEkHTH) TAVA Y b BRI ODTH 5,
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Fig.15 Examples of diving gas consumptive

minute volume at 200m
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- Fig.16 Examples of diving gas consumptive
minute volume at 200m dive
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7)) 7% 25N /min, BRO3053 T EDT—R4H
—RYTFFVVIRZD3BETH 5. Th oA
45 &, K& 200, 300 micB I BERH 720 i
BRIIZNZFN ING, 1.5NdE13, EBEDH
BRI, 200mBKTIICHIGENEGHD, ~
WAy MDY= SD ) — 7 hE DEICIE S
S EREMMBEENL >720 300mDBEICIIRIET
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N4/min, 2&9P1ZHBHKE—FDBEEV, %
1,900 N¢/min & L7z BEftE—F&E LTS
AN—DHZHEEER Ve (Ne/min) IZIRDEHITK
Ho5NB

V=V
Ve = (Vo= Vg — i2 R)+P5
— (1,900 — 18 — 2502_18)+31.75
= 55.6

2T, Ve(N&/min) B RBEREE TEFH
BT AHTRET, V7)) VvV IRU=a—%
ZDETH 3, Ps(kg/cm?)id7KEE 300 m DHaEXT
ETH 5,

54y 55.6 AL D AR THERIIEIKZ WD, 21
354 N— DR EBRGRICY) -/ BEAGDEIME
TdHY, EFEETRIEYLE SN,

KIEBRERB O A RENERICOWTIE, BERE—
FCONER% Dive 18 X0 7D LIE¥H D 50AL/min
E LTk, EISIKCRLTe 200m#E/KTIid 89~
98 %, 300mT i3 Dive 18 ZBR\ T8I~ HTH
Hotreo EBROERICEL TR, TOAICEESR
EOERARVOBKIIRBRASED AR BBLETDH
Bo

3.4 RLERFETRKE

JEERPIREF ICDOV TR, 77—V TOEBHER
& 295m F 7 4 BE T COFBRBRET - 7o

F— WVRER IS4 /N— BRRDVTIT»1e ¥
4 N— I RRKRTESEED, AL TER

PEEL, S4B EZNIKK[ DO OEE AAF
BIVEIHEEL . FEEFRLS ITIO 2R TA
Ltce BREBILENP ST A/N=9< 9 R £ — RFERK
a5 TORRERE1X12~24%, FEHIHW T
Holie ZDBRWISDHFFRAHE T, WD
BEOAREARDIRWT L 2R L T,

205m® F 5 A BETE, K15LEHOERE S
L, #4/5— 1'&3 OMIEEMRRES IC LD Eb
A2 To e HRADY Y FY VT IX 1 ADAE
L, 10 &ic0,;, COEEZEHILIz. 6
DD S B 4 BEIIIFEFA R, 2EIBERA X%
BT T U, BIKERAT R0, 2%, EF
FEIREEEICIZ 0, 6.8 B FH VI EREFTEDT
%15, IR AR D 0,, COEEZE(LAERIT, 18iC
& U7 |

FK[ATRADAHERIT4H & S REREKRTHY,
No.3720 AR Lico FEHEFFREEZFHEOIRD S
&, MHDO, 2BBHAITHEMUL, HRE b vdD
FEADEo (30.2kg/cm?G) &1553 22~23731%
K= Ltliotc, TOBETSH 6.8 %ICITEE
Y, 5.5~6%ThH-te FTORIIEBEADH
2 A PERER T 5 05, O, BEOETIEIW 5200 T
50, 1057 EDOFHEIIT+RICAIEEZ I o
7ze COEBEIT0.01 ~005atmDEITEH L T
BY, ZDRELHERKT D307t T ThERE L7,

B A 2 HriE 2 [BlFT -7z (No .5, 6) 23, W
NORERBAIEEE DA X K b WVEH 270 ~ 280kg/
cntfG B o212, O, BEDOE—7ITid1T7~
205 TCEELI, E—7DELFZRD4HILD b

& 156 BAERFEEFERERE F 71 ABER
ZEE 295m, BREIERE 31°C
No.l~4 : KA RHIE, BREEKR b VES 300kg/cm*G
5, 6 : RGN AHE, K FVEH 270~280kg/cm?G

Table 15 Manned endurance test of SLS under 295 msw dry

environment
&5 IR, B ] BAKO.BE oK O, B ZERR CO, B E
1 30 1.87 atm 23430 B 0.0247 ~ 0.0353 atm
2 23 1.83 23 00 0.0219 ~ 0.0435
3 30 1.79 23 10 0.0218 ~ 0.0369
4 30 1.79 22 10 0.0095 ~ 0.0365
5 25 167 17 20 0.0106~ 0.0153
6 30 1. 67 20 20 0.0003 ~ 0.0006
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concentration of SLS inspired gas
at 295m dry dive.
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Fig.18 Oxygen and carbon -dioxide
concentration of SLS expired gas
at 295m dry dive.
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