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ABSTRACT 

Twenty-three saturation dives to depths of 200 to 850 feet were 
conducted at the US Navy Experimental Diving Unit to verify a 
decompression schedule for use at SEITAB III. Seventy-one 
divers completed ninety-seven man-dives and tested aeoompres- 
sion schedules based on two different fundamental rates of ascent 
during the dive series. Seventy-four nan-excursion dives were 
conducted during the series, including a record-breaking excur- 
sion to a depth of 1025 feet. A decompression schedule for use 
from a depth of 600 feet was developed and found to be safe for 
use during SFALAB III. 

Eight cases of decompression illness occurred during the dive 
series. Details of these cases are covered in thil report. 
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SUMMARY 

Problen 

1. 

Method: 

1. 

Findings: 

I. 

To verify a decompression schedule for use at 
SEALAB in. 

Twenty-three dives were conducted at the Navy 
Experimental Diving Unit.    Seventy-one divers 
were utilized on ninety-seven man-dives from 
base depths of 200 to 850 feet.     Excursions to 
deeper depths were made on thirteen of the dives, 
including a record-breaking excursion c'.ive to 1025 
feet.    Decompression schedules based on two differ- 
ent fundamental rates of ascent were tested during 
this sequence. 

A decompression table from the depth of 600 feet 
was developed and found to be effective and safe 
for use during SEALAB III. 
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2. 3, 2 The oxygen in the chamber was maintained within the limits shown 
in Table 1.    Each block contains the mean and standard deviation describing 
the appropriate gas level for the indicated portion of the dive sequence.   In 
general, the oxygen partial pressure was maintained near the 0. 3-atmosphere 
level* 

2.3. 3 Chamber temperature and relative humidity were determined with 
thermistors and Luft Duratherm hygrometers.    The air conditioning was set 
to maintain a comfortable temperature and a relative humidity of between 50- 
80 percent* 

2.3.4 
alent. 

The carbon-dioxide level remained below 0* 5 percent surface equiv- 

2.4       Gas Supply 

2.4. 1 Helium pressurization and oxygen make-up systems were installed 
in the chamber and igloo.   Banks of cylinders containing pre-mixed helium- 
oxygen mixtures were available for emergency-mask breathing, treatment 
procedures or swimming with one of three types of underwater breathing ap- 
paratus*    The gas mixture used with the different breathing apparatus was 
selected in such a manner as to provide a bag level of oxygen between 0. 6 
and 1.4 ATM during the swims /excursions. 

2. 5        Underwater Breathing Apparatus Used on the Dives 

2. 5.1 Three different types of breathing apparatus were used during the 
dive series: the Experimental Diving Unit Bank-Pack (which essentially con- 
sisted of a MK 6 semi-closed underwater breathing apparatus and a Garrahan 
Block (5)), the MK 8 Mod 0, and the MK 9 semi-closed, mixed-gas, under- 
water breathing apparatus. 

2.6        Watch Sections and Duties 

2.6. 1 Each twenty-four-hour watch section consisted of a Diving Officer, 
Chief of the Watch, a Diving Medical Officer,  and a minimum of six additional 
personnel* 

2* 6. 2 The Chief of the Watch supervised the operational aspects of the 
dive sequence assuring proper analysis and maintenance of the chamber en- 
vironment and attending to the routine needs of the subjects.    The Diving 
Officer was directly responsible for the safe conduct of all aspects of the 
dive, and the Diving Medical Officer was immediately available to handle 
any hazards or potential hazards to the subjects* 





















s, -A?a»«»«s?fiP»^M.»PWK 

made at approximately average rate of 40 fph to the base depth of 600 
feet using pure helium, with 45-minute stops every 40 feet. Bottom time 
was to be approximately fourteen days, and maintaining a partial 
pressure of oxygen at 0.30 atmospheres. 

The dive profile consisted of a compression phase: 

Descent to 14 feet on air 

Descent to bottom on pure helium; 14 feet to 60 feet 
in fifteen minutes, stop for forty-five minutes, de- 
scend 40 feet in fifteen minutes, stop for forty-five 
minutes until on the bottom. 

Bottom Time: 

Fourteen days 

Decompression: 

Ascent from 600 feet to 570 feet continuous at 
30 fph 

Assent thereafter continuous at the rate of 4 fph, 
except for stops of four hours each at the six 
stage depths of 450, 350, 250, 150. 100, and 
:)0 feet 
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DIVE 
!     No. 

j   RANK/ 
DIVER              !  RATE 

j      AGE 
j (YEARS) 

HEIGHT |   WEIGHT 
(INCHES)1 (HOUNDS) 

i 

1 \ 
! 

CLASS DIVER I ! 

1 

1 
Blackburn                    A01 

1 

1 
!        27 74       !           - 

1 
First 

Meeks                             BM1 !        34 
| 

75                200 
i 

First            j 
1 

Sund ström                   MMCS 34 » 1   - First 

Wyatt                             BMC 37 
i 

70                186 First 

!                  !                i 
1                 1                1 i                                                        ! 

j    2 

i 

Blackburn                    AO1 » 74 - First 

Coffman TM1 37 73 200 First 

Raymond, Dr. Lt. 31 72 Medical Office if 

j  Stubbs SF2 29 70-1/2 - First 

1 

! 

3 

Donaldson HM1 - - - Medical DV 
Tech 

Garrahan W01 30 70 160 
He02 DV 

Officer 

Mullen BM1 27 64 160 First 
j 

Reedy HM1 25 67-1/2 165 
Medical DV 

Tech 

!   4 

1 

Coffman TM1 37 73 200 First 

Mandible GMG1 32 69 170 First             | 

I Raymond,  Dr. Lt. 31 72 - Medical Officer 

Stubbs SF2 29 70-1/2 - 

r 

First             ; 

i               1 
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DIVE 
No, DIVER 

RANK/ 
RATE 

AGE 
(YEARS) 

HEIGHT 
(INCHES) 

WEIGHT 
(POUNDS) CLASS DIVER 

9 

Cannon Civilian 31 68-1/2 170 - 

Jenkins Civilian 31 71-3/4 183 - 

Pratt DC2 24 78 282 First 

Waller Civilian 33 68 152 - 

10 

Cooper Civilian 30 69 180 - 

Harrell Civilian 29 68 130 - 

Pruna Civilian 26 74 190 - 

Wyatt BMC 38 70 186 First 

11 

Cooper Civilian 30 69 180 - 

Harrell Civilian 29 68 130 - 

Kennedy ST1 35 72 180 First 

Pruna Civilian 26 74 190 - 

12 

i             j 

Bussey Lt. 29 72 180 
He02 DV 

Officer 

Eaton GMG1 41 68 168 First 

Mandible GMG1 32 69 170 First 

Moynan Lt. 29 72 170 Medical Office 

APPENDIX C      Descriptive physical data on each of the divers who 
Page 3 participated in the saturation dives of SEALAB III 

(1966-1968). 
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DIVE 
No. DIVER 

RANK/ 
RATE 

AGE 
(YEARS) 

|   HEIGHT 
! (INCHES) 

WEIGHT 
(POUNDS) 

i i 

CLASS DIVER 

17 

Armstrong HM1 25 70 150 First            | 

Eggar Lt. |        41 70 175 
HeOa DV 

Officer 

j  Melder EQCM 33 68 175 First            j 

Schleigh BUC 32 69 162 First            | 

18 

Dowling Civilian 40 71 165 • 

Hallanger Civilian |        28 73 165 | 

Osborn LCDR 1        29 70 180 
He02 D V 
Officer         1 

Robinson Civilian 26 72 160 

j    19 

Bradley Lt. 31 - - Medical Officer 

Garrahan WOl 30 70 160 
He02 DV       | 
Officer         i 

Morey EMI 28 72 203 First 

Shipp Lt. - - 
He02 DV 
Officer 

Wells MNCS 41 68-1/2 164 First            j 

20 

Bird EN1 30 71 205 First 

Bornholdt Lt. 30 - - 
He02 DV 
Officer 

Houle BM1 - - First            1 

Moore MM2 26 74-1/2 205 First             j 

Reando !       MR1 31 71 174 First             | 

APPENDIX C      Descriptive physical data on each of the divers who 
Page 5 participated in the saturation dives of SEALAB III 

(1966-1968). 
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DIVE 
1    No. DIVER 

RANK/ 
RATE 

AGE 
(YEARS) 

HEIGHT 
(INCHES) 

1   WEIGHT 
(POUNDS) CLASS DIVER 

21 

Conda TM1 \       34 68-1/2 170 First             [ 

Kleckner HM1 26 72 155 ! 

Lugo MM1 26 67 170 First 

Risk MM2 31 69 155 First 

Winters EN1 - - - First 

22 

Bunton Civilian 33 72 180 m 

Clark POl \       34 70 165 
Royal Navy 

(British) 

Lafferty Lt. 30 69 170 
Royal Navy        ' 

(British! 

Schmitt MMC 29 70 150 First              | 

Tuckfield ENCS 46 • . First 

23 

Giess LCDR 31 - - 
HeOz DV 

Officer 

Jensen EN1 24 - - First 

La Fontaine LCDR 34 69 180 Canadian Navy 

Lukeman LSCD 28 68 175 Canadian Navy 1 

Sutton Lt. 28 - " Australian Navy 

APPENDIX C     Descriptive physical data on each of the divers who 
Page 6 participated in the saturation dives of SEALAB III 

(1966-1968). 
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APPENDIX D 

NAVMED 6420/1 REPORTS 

(Reports of Decompression Sickness 
and all Diving Accidents) 
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SIGNS AND SYMPTOMS BEFORE TREATMENT 

© 
ON sei 

ANATOMICAL LOCATION INTENSITY 
(Mite. MOO., stviti) 

OCALIZEO  PAIN 

RASH 
7 Sep      535 Right lcnco mild 

MUSCULAR WEAKNESS 
NUMBNESS 
DIZZINESS mmmmmmwwmmwmmvtK 
VISUAL DISTURBANCES 

DYSPNEA (CHOKES) 
NAUSEA OR VOMITING 
MUSCULAR TWITCHING 
RESTLESSNESS 
CONVULSIONS 

ACOUSTIC AURA 
PARESTHESIA &   ^^ 
REMARKS: (other signs and  symptoms before,   during and following  treatment) 

Bend under pressure while undergoing decompression from saturation «excursion dive« 
"Stiff*1 knee from known trauma at 06U3 and 22 feet*   Definite pain at 0926 and 8 feet« 
Treatment started from 8 feet gauge. 

TREATMENT SCHEDULE RECURRENCE TREATMENT SCHEDULE 

A.        lEFTjDBOBC 8 feetREUEF TIME REACHED BOTTOM |          LEFT   SURFACE RELIEF TiMF.  REACHED BOTTOM. 

7 Sop 
T IMC 

09W 
TIN* 

095U 
DEPTH 

to ft J   60 Ft- 0956 
| o»u TINC TINC 01MH 

TIUF  ON  B0T10M REACMEO su»u *< r 1     TWATMfNl   1AIUE  USED 

j Short oxygen 

TIME  ON   IIOTTOM I'fACMfO  SUHfACf ffHAtMfN     T»f»lf   U'.ED 

H i. 

OAtf 

7 Sep 
IIMI 

1211 
DAK IIMf 

DEPTH OF 
STOP 

CHAMBER                                      ! 
(3to**   filled  in only »hen  treatnent   tabl* 3 or «  13 

'            used or vhen other  treatnent   tahlts are altered) 

1    DEPTH  OF 
j         STOP 

CHAMBER 
(Stops   filled   in only when  traafent   table   3 or  u   > 1 

used or vhtn other  freatnent  tables are  alteren 

FEET LBS )            MINUTES  AT   STOP             | BREATHING  MfcOIUM 1  Ftt 
LBS MINUTES   AT   STOP BREATHING MEOiUM 

165 73.4 165 73.4 

140 62.3 140 62.3 

120 53.4 1?0 53.4 

100 44.5 100 44.5 

80 35.6 80 35.6 
'* 

60 26.7 60 26.7 

50 22.3 50 22.) 

40 17.8 40 17.8 

30 13.4 30 13.4 

20 8.9 20 8.9 

10 4.5 10 4.5 

TO SURFACE , , .,                                                      1 _J TO SURFACE 

REMARKS:     (Include  «t^nenc*  of events Preceding the accident and 
factors  - list continuation  sheet   %f needed) 

SEE ATTACHED SHEET 

0 

subsequent   re**lt   of  treatment,   not\nr  any  MMIM4   contributing 

R. C. BORNMANN, CDR, MC, ÜSN 
SENIOR MEDICAL OFFICER  

siciuTuir of «miCM oif*tm««t NMtttiUtivf 

11. 
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This 38 year old Diver First Class was one of four divers participating 
in the first developmental dive with chamber saturation for 2k hours at 
200 feot on helium-oxygen and excursions to 300 feet in the vet pot. 
Decompression from 200 feet was at the rate of 2 feet every 25 minutes 
with a planned total of Ul hours. On the evening of the second day of 
decompression, with the chamber at approximately 60 feet, WYATT bumped 
his right knee climbing into a hammock. Awakened at 0630 the next 
morning (21; feet) he reported that the knee was "stiff". Two hours and 
U3 minutes later, when the chamber was S feet, the knee was definitely 
aching. The other three divers were without symptoms and were transfer- 
red to the Igloo where the original schedule was followed without incident 
to the surface. VJXATT was kept in the chamber. The atmosphere was flushed 
with air and he began to breathe oxygen« He was taken to 60 feet. Relief 
wan comploto a« the chamber wont pant Ii0 foot. Pronnuro schedule followed 
profile of short Oxygon Treatment Schedule x>  ouri'aco, which was roachod 
at 1211 on Wednesday 7 September, one hour and seven minutes later than 
the other three divers. 

COMMENTt Appearance of bends at this site is felt to oe directly related 
to the trauma mentioned and to the abnormal tissue condition which was 
produced. Diver's age is also noted, although this is not felt to be 
unusually significant. No change in decompression schedule for these 
saturation dives is contemplated as the result of this accident. Incident 
was valuable exercise in treating bends during saturation decompression, 
but was also quite simple as a result of the fact that pain occurred so 
close to the surface. Other three divers were able to complete last 75 
minutes in Igloo. This would not have been possible, due to lack of 
complete life support and comfort facilities there, if decompression 
were to extend much longer. 

R. C. B0RNHANN 
Commander, Medical Corps 
Ü. S. Navy 

*tf 
%tf 
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REPORT OF DECOMPRESSION SICKNESS AND ALL DIVING ACCIDENTS 
MiMiD 6«J:ü/|   («IV.   3-G7) 
S S.01OS. ?I4. «».SO 

KEPOtTS SYMBOL:    MED-6U20-I 

ORIGINAL   - BUMtD.   WASHINGTON.   0.   C. 
COPY  - NAVY  rXP.   DIVING UNIT,   WA'.MINGTON  NAVY  YARD.   WASHINGTON.   0.   C. 
COPY   - NAVAL   StlB.   Mfl).   rCNirp.   NAVAj,   VIH.   h«.f   l.f IVgtVt.   f.PQIQ'i.   CON'«. 

NAM)   AMI  APPRI ss  iti   Kinwttlhi*.     r AI IHN ~~~ 

_Nayy Experimental Diving Unit,  Bldg.  214,  WNY, Washington,  D.C. 
SAW,    o,    MII|Vr|fc«iwT«««r |GRA0E/RATE 

MULLEN      James E. 
AGF. 

27 
YRS. 

WE IGliT 

160 
LBS. 

HEIGHT 

64 

BUILD  (Check  one) 
MID.I 

X 

BM(1) 
IDfNTIFICATION  NO. 

494 95 62 

:iAir 

19 NOV 1966 
ivpr. or DIVING ACCIDENT 

Poss. Decompression Sicknej 
OILING  QUALIFICATIONS   (Cheek one) 

i/c 

X 

i/c STU (OTHER) 

RECORD   OF   ALL  DIVES  MADE  DURING  THE   TWELVE  HOURS  PRECEDING  THE  ACCIDENT 
(// more   than  three dives were made,   record additional  under   "REMARKS' on reverse.) 

FIRST DIVE 

TYPE OF DIVE  DEPTH OF OIVE  BOTTOM TIME 

out 

300     '"< 1551   »i' 
TYPE  OT  EQUIPMENT 

orir 
SI» 

hi I P 
MA 
Ml I UNI 

»MM N 
I IHIItll 
SCUBA 

«I iv.l0 
rim «uT 
SCUBA 

MAiitHi [onil     lnrip 
AHM |'.i A 
ASH ! . 

fetfAMbER 

SECOND OIVE 

TYPE OF DIVE 
•ET DRY 

DEPTH OF DIVE 

feet 

BOTTOM TIME 

nln. 

TYPE OF EQUIPMENT 
PtrP 

IA 
HELIUM 

OPIN 
CIRCUIT 
SCUBA 

ci eiM ii 
riBlUIT 
SCUBA 

'.MALLOW 
WAUR 
MASK 

THIRD DIVE 

TYPE  Of   DIVE 

UT- 
DEPTH OF  DIVE 

fret 

BOTTOM TIME 

min. 

TYPE  OF   I.OUIPMLNT 

MlP    TnifP 
StA SI A 

HELIUM 

nriN 
< infill T 
SCUBA 

CI.0MI1 
( IHIIjir 
SCUBA 

'.MAI 10« 
»A T| N 
MASK 

TYPE  OF  WORK TYPE  OF WORK TYPE  OF WORK 
MODERATE 

BREATHING MEDIUM BREATHING MEDIUM BREATHING MEDIUM 

»»»    .HELIUM X  OXYGEN %  OXYGEN 

85.p% He,  ll.ip, N2, 
OTHER   (Sptcif  ) 

3% 02 

HELIUM * OXYGEN  * OTHER' (Sptcify) HELIUM %  OXYGEN % OTHER (Sptcify) 

SOURCE OF BREATHING MEDIUM SOURCE OF BREATHING MEDIUM SOURCE 0F»r«9REATHING MEDIUM 
GASOLINE 
COMPRESSOR 

DECOMPRESSION SCHEDULE DECOMPRESSION SCHEDULE DECOMPRESSION SCHEDULE 

SURFACE USING 

AIR  OXYGEN 

SATURATION 

HE. OECOMPR.   TABLE USEO SURFACE USING 

AIR   OXYGEN 

HE. OECOMPR.  TABLE USEO SURFACE USING HE. OECOMPR. 

TIME LEFT 
SURFACE 

14 NOV tfOoirl 
1830    1858 

TIME 
REACHED 

RATE OF ASCENT 
TO FIRST STOP 

addendum 

TIME  REACHED 
SURFACE 

19 NOV 
1726 

TIME LEFT| 
SURFACE 

// surface decompression used,  time from 
last voter stop to 1st chamber stop. 

TIME 
REACHED 
BOTTOM 

RATE OF ASCENT 
TO FIRST STOP 

TIME REACHED 
SURFACE 

IME LEFT 
SURFACE 

TIME _, 
REACHEtf 
BOTTOM 

TIME REACHED 
SURFACE 

// surface decompression used,   time from 
last water stop to 1st chamber stop.  

If surface decompression used,  time from 
last voter stop to 1st chamber stop. 

DEPTH 
OF STOFt 
LÜMJL 

WATER 

MINUTES 
AT STOP 

BREATHING 
MEDIUM 

CHAMBER 
MINUTES 
AT  STOP 

BREATHING 
MEDIUM 

DEPTH 
OF STOP] 

tttlil 

WATER 
MINUTES    IBfiEATHING 
AT   STOP     I    MED IUM 

CHAMBER 
Mil JTESI BREATHING 
AT  STOP    I    MEDIUM 

DEPTH 
OF STOFt 
(feet) 

WATER 
MINUTES 
AT STOP 

BREATHING 
MEDIUM 

MINUTES 
AT STOP 

6REATHING 
MEDIUM 

210 210 210 

200 200 200 

190 -SBE- M>DStt>lflfr 
190 190 

180 1B0 180 

170 170 170 

160 160 160 

150 150 150 

140 140 140 

130 130 130 

120 120 120 

110 no 110 

100 100 100 

90 90 90 

80 

70 

80 80 

70 70 

60 60 60 

50 50 50 

40 40 40 

30 30 30 

20 20 20 

10 10 10 

(ovtr) 
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Prior to this dive the patient, Houle ^ives a history c*  in1n?*y 
to the involved extremity. occurring in i motorcycle nccidrn*: nporoximately 
one year ar,o, causing severe contusions and abrasions in the general irea 
of the present symptoms. In audition, he has had two orovious cases of 
th» ben Is, both within the J»t three months while workin" with the ADS IV 
Project In England. These bends m.*»nifeste<l the same symntoms as those In 
the proton-«- c*se. 

The dive was a 600 foot saturation run. descent in 14:35 44 hours 
on the bottom durir»-* which the >V«rk VIII ser.i-clnsod scuba rip;s were 
swimtosted in the wotpot. Ho excursion was attempted. 

Ascent herein it a rate of 2 minutes a foot to 570 where the rate 
of ascent was chanrred to 3.5 minutes per foot. This rate was held constant 
except '"or stop3 of four hours duration at U50'\ 300', 150* and 1001. 
Constant .3ATM 0a + He was maintained. 

In retrospect, accord in 7 to his own lo", rrh<* first si.^ns had appeared 
at 170: with a mild pain in the ri«;ht knee which cleared at the 150' stop. 
It returned at 110 but was better after the four hour hold *t 100 and '»one 
at 06'. At 35' the sensation returned.. involving the ri?ht knee and hin, 
gradually increasing in intensity until, or, prn-.iptir.*; by fellow diver it 
was reported at 77* after 140: 15:00 hours decompression. (All times will 
refer to lor* times, indicating in this case time after leaving bottom). 

Treatment was ber*un according to the protocol devised for treatment 
of cases occurin<j in saturation dives: 

(Letters refer to enclosed <*arph) 

A. 1*10:15   Pain in right knee and hip reported, no further signs 
or symptoms elicited. r 

B. 140:47   During recompression toward depth of relief Houle placed 
on I-le-32%02 mix by mask. 
Off Mask 
Depth of Relief 115 feet. No pain, no loss of strength or. 
sensation „~—— 

On Mask Ho~32tC2   .      *" 4       '*^: ~~^~^Mft\.E 
Or Hink He-M0*»02 \ QCPfcOD^ttU 

Off Mask K& Ht 

On Mask (40%) 
Off Mask 
On Mask (40%).    Be^an Ascent to 90 feet according to 
treatment protocol, at rate of Ifpm. 
Reached 90f chanr.ed rate of ascent to 20 Ilin/ft. 
Off Ma3k 
Houle reports onset of mild ache medial asnect of ri*ht 
knee and ri?*ht anterior thi«h, occurred after reaching 39?. 
Af»ain no other si<*ns or symptoms. 
On 60-10 mix by mask 
Off Mask 
Other divers separated, tender sent from surface to loin 
Houle in chamber, chamber taken down one foot to make seal 

49 

141:32 
c. 141-32 

142:0-1 
142??3 
142:37 
142:50 
1>>3:2H 

D. 143:36 

E. 144:03 
144:08 

r. 161:01 

161:09 
161:39 
161:43 
























