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W E  O R I G I N A L LY  D O V E  W I T H  M I N I M U M  
G E A R

NAVY UNDER WATER SWIMMERS SCHOOL,  KEY  WEST,  FL  1967



M I N I M U M  G E A R  &  B U O YA N C Y
US NAVY SCHOOL FOR UNDER WATER SWIMMERS,  1967



WA R M  WAT E R  G E A R
PJ  WITH SCUBA,  JUMP TANKS,  AND NO WEIGHTS



I N F L AT I O N  V E R S E S  
W E I G H T I N G  
S T R AT E G I E S

• No wet suit, no need for 
buoyancy compensation, as there 
is no loss in buoyancy. 

• With a wet suit, the neoprene 
compresses, changing buoyancy 
with depth.   

• Dry suits provide their own 
buoyancy compensation by 
adding air as the diver descends.



H O W  T O  M A K E  
A  W E T  S U I T

• DIVERS ACTUALLY GLUED 
TOGETHER THEIR OWN WET 
SUITS FROM SHEET NEOPRENE 

• THIS LED DIRECTLY TO CUSTOM 
WET SUITS 

• I USED TO MAKE MY OWN 
THREE-FINGER MITTS IN THIS 
MANNER 

• WET SUITS LED TO THE NEED 
FOR BUOYANCY 
COMPENSATION



A  W E T  S U I T,  W E I G H T  B E LT  A N D  A  V E S T.
IN  THE BEGINNING,  COLD WATER GEAR



W E  U S E D  A  S I N G L E  H O S E  R E G U L AT O R  A N D  
W E I G H T E D  O U R S E LV E S  A C C O R D I N G  T O  T H E  D I V E .

WEIGHT DETERMINED BY  DEPTH



M Y  1 9 7 5  
E Q U I P M E N T

• Dacor inflatable vest 
(expandable) 

• wet suit 

• weight belt (not the means 
of securing the weights)



N A U I  I T C  C L A S S  P H O T O
1973



M O M E N T  A R M S  O F  B U O YA N C Y
IQ6  D IAGRAM



A Q U E O N  B U O YA N C Y
LAKE CHALAN DIVE ,  1972



V I N TA G E  
D I V I N G

• SCUBA 

• Weight Belt 

• Wet Suit 

• Mask, fins & snorkel



E A R LY  C O N C E P T S  I N  B U O YA N C Y  
C O N T R O L — B A C K  O F  W E T S U I T  B C

ONE OF MY EARLY  DRAWINGS



P O S S I B L E  N E W  
C O N F I G U R AT I O N S

• Tank-mounted weights 

• BC integrated into the back 
of the wet suit—Bill Herter, 
Deep Sea Bill’s 
contribution. 

• Use of a bladder on the 
SCUBA shoulder hooks.



D E M O N S T R AT I N G  B C  C O N C E P T S
IQ6



I N T E G R AT I O N  O F  
S C U B A  E Q U I P M E N T

• scuba with harness 

• weights integrated into 
harness 

• low pressure inflator 

• buoyancy compensator in 
back of wetsuit 

• packed life preserver 
(based upon USAF ULP



T E S T I N G  
I N T E G R AT E D  S C U B A

• river test 

• using double hose 
regulator with inflator 
(Trieste II) 

• Mar-Vel backpack with 
weights 

• Bill Herter’s BC design (see 
white area on back of wet 
suit)



C L E A R  L A K E  D I V E  U S I N G  B I L L  H E R T E R ’ S  B A C K  
B C  I N T E G R AT E D  I N T O  T H E  W E T  S U I T.

1975



E A R LY  A Q U A L A  D R Y  S U I T,  W I T H  P O W E R  I N F L AT O R

Dry suits provide warmth, but also different 
buoyancy characteristics

Photo by Bruce Higgins, Clear Lake, Oregon



A N  I N T E G R AT E D ,  H A R D - S H E L L  S Y S T E M  
B A S E D  U P O N  C O N C E P T S  O F  A  S U B M A R I N E

DACOR NAUTILUS  CONSTANT VOLUME SYSTEM (CVS )



N A U T I L U S  C O N S TA N T  V O L U M E  S Y S T E M  
( C V S )

DACOR CORPORATION



N A U T I L U S  C V S  F L O AT I N G  
DACOR NAUTILUS  CVS



D A C O R  
N A U T I L U S  C V S

• Constant volume, like a 
submarine 

• Upper right shows overpressure 
relief valve 

• Below is water intake valve 

• Has a regulator on the inflation 
hose that automatically adds air 
as the unit goes deeper 

• Required a certification course by 
Dacor authorized dive shop.



U S E D  W I T H  D E C O R  PA C E R  R E G U L AT O R
DACOR NAUTILUS



P R O F I L E  I N  T H E  C U R R E N T
DACOR NAUTILUS  CVS



THE NAUTILUS  CVS  ON LAND CAN BE  A  PROBLEM 
DUE TO CG ASPECTS  OF  THE SYSTEM

DACOR NAUTILUS  CVS



S M A L L E R  A N D  S I M P L E R  T H A N  T H E  
D A C O R  N A U T I L U S  C V S

WHITE  STAG HARD-SHELL  BC



P R O F I L E  I N  T H E  W AT E R  
N O T  A  C O N S TA N T  V O L U M E  S Y S T E M !

WHITE  STAG HARD SHELL



A P P R O X I M AT E  L I F T — 1 5  P O U N D S ;  B U T  
L O O K  AT  T H E  D I F F E R E N C E  I N  S I Z E !

WHITE  STAG HARD SHELL



S M O K E J U M P E R  AT  N C S B
PARACHUTE HARNESS  DES IGN



PA R A S C U B A  W I T H  T H E  
U S A F — R I C K  H A R D E R ,  
“ T H E  B A G G E R ”

• 304TH AEROSPACE RESCUE AND 
RECOVERY SQUADRON 

• PARACHUTE OVER SCUBA 

• THE HARNESS WORKS WHEN 
JUMPER IS SUSPENDED 

• DETAILS IMPORTANT—NOTE 
MASKING TAPE ON THE MASK 
STRAP! 

• SINGLE HOSE USD CALYPSO 
REGULATOR, WITH A SINGLE HOSE 

• DUCK FEET FINS





PA R A - S E A  B C  C O N C E P T
MY CONTRIBUT ION TO BC’S



A P O L L O  1 1 ,  S TA B L E  2
NASA—APOLLO 11  RECOVERY,  NOTE INFLAT ION BALLOONS



A P O L L O  1 1  I N  T H E  W AT E R
APOLLO RECOVERY OPS



PA R A - S E A  B C  
PAT E N T  D R A W I N G

• Stable 1—face up. 

• Stable 2—face down.



I N T E G R AT I O N  O F  T H E  B A C K PA C K
PARA-SEA BC CONCEPT



T E S T I N G  PA R A - S E A  B C
CLEAR LAKE



PA R A - S E A  P E R S O N A L  
F L O ATAT I O N  D E V I C E  
( P F D )

• great for canoeing or water 
sports 

• easy to get on 

• can be donned in a seated 
position 

• can be used by 
handicapped individuals



C A N O E I N G ,  N O R T H  U M P Q U A  R I V E R
PARASEA PFD



T H E  A R T  O F  M O T I O N —
T H E  O C E A N  W O R L D  O F  
J A C Q U E S  C O U S T E A U

• Early divers looked like 
example “D” or “E.” 

• Finswimmers look like “B.” 

• Today’s Technical divers 
look like example “C.” 

• We have lost our ability to 
move freely in the water if 
we dive as “Technical 
Divers.”  



S T R E A M L I N I N G
SON NATHAN RATLIFF DEMONSTRATES COMPETITIVE SWIMMER’S STREAMLINING



P O T E N T I A L  E R G O N O M I C  P R O B L E M S  
W I T H  D U E L  I N F L AT I O N  S Y S T E M S

BUOYANCY CONTROL TODAY—TECHNICAL  D IV ING

https://en.wikipedia.org/wiki/Technical_diving

https://en.wikipedia.org/wiki/Technical_diving


T W O  B C D ’ S ,  4  R E G U L AT O R S ,  T W O  D I F F E R E N T  M E T E R  
S Y S T E M S ,  H E A D ’ S  U P  D I S P L AY  I N  M A S K .  M O V E M E N T  
V E R T I C A L LY  FA I R LY  E A S Y,  B U T  D E P E N D E N T  U P O N  T H E  B C .

TECHNICAL DIVING—ADD A DRY SUIT; HTTP://OCEANEXPLORER.NOAA.GOV/TECHNOLOGY/DIVING/TECHNICAL/TECHNICAL.HTML

Tom and Brett on the deco bar at 20 feet.  
Brett watches over Tom and Jill as they perform  

their decompression obligation prior to surfacing.

http://oceanexplorer.noaa.gov/technology/diving/technical/technical.html


PAY  PA R T I C U L A R  AT T E N T I O N  T O  T H E  T O P  
L I N E — P E R S O N - M A C H I N E  C O M M U N I C AT I O N S

DIV ING ACCIDENTS INVOLVING BUOYANCY PROBLEMS



B R I T I S H  S U B  A Q U A  C L U B  2 0 0 7  A N N U A L  
R E P O R T

September 2007  07/334 
Equipment 
 Two divers entered the water to conduct a shore dive. After 60 min one of the divers discovered that her 
BCD was dumping air and she could not maintain her buoyancy. She tried to remove her weight belt but it 
became entangled around her wrist. The divers were at the surface in 6m of water. The divers called for 
assistance, the Coastguard was alerted and a helicopter and a lifeboat were tasked to assist. The divers 
managed to move to shallower water and release their weights. A local fishing boat helped them to the shore. 
Neither diver suffered subsequent ill effects. It is thought that the BCD valve was faulty or jammed open. 
(Coastguard report). 

April 2007 07/063 

Two divers dived to a maximum depth of 27m. At 20m one of the pair lost control of his buoyancy and made 
a fast ascent to the surface. His buddy tried to slow him but lost him at 8m. The diver then re-descended to 
20m followed by his buddy. They moved to the edge of a reef at 15m where they checked air. The diver who 
had made the buoyant ascent was found to be out of air. They surfaced using the buddy's octopus regulator 
and completed a 3 min stop at 6m. The divers were recovered from the water and the diver who had been out 
of air was placed on oxygen. No subsequent ill effects were experienced. 



C P S C  R E C A L L S   
H T T P : / / W W W. C P S C . G O V / E N / R E C A L L S /

• Aqua Lung buoyancy compensators with SureLock II weight pocket handles; the 
rubber handles can detach as divers are trying to remove the weight pockets to rise 
to the surface in an emergency.  This poses a drowning hazard. 2014 

• Sea Elite BCD—The spring in the overpressure valve can corrode and break 
preventing the buoyancy control device from retaining air, posing a drowning 
hazard…2011 

• Edge and HOG (Highly Optimized Gear) BCD, the spring in the overpressure valve 
can corrode and break preventing the  buoyancy control device from retaining air, 
posing a drowning hazard…2011 

• Cressi-sub S.p.A.; a slow leak from the shoulder exhaust caused by expansion of an 
internal cable housing could result in slow deflation.  This could impact the diver’s 
ability to control buoyancy. 2005

http://www.cpsc.gov/en/Recalls/


R E C A L L E D  A Q U A  
L U N G  B C D

• November 12, 2014 recall 
date 

• CPSC Recall number 15-022 

• Weight handles can 
dislodge. 

• http://www.cpsc.gov/en/
Recalls/2015/Aqua-Lung-
Expands-Recall-of-
Buoyancy-Compensators/

http://www.cpsc.gov/en/Recalls/2015/Aqua-Lung-Expands-Recall-of-Buoyancy-Compensators/
http://www.cpsc.gov/en/Recalls/2015/Aqua-Lung-Expands-Recall-of-Buoyancy-Compensators/
http://www.cpsc.gov/en/Recalls/2015/Aqua-Lung-Expands-Recall-of-Buoyancy-Compensators/
http://www.cpsc.gov/en/Recalls/2015/Aqua-Lung-Expands-Recall-of-Buoyancy-Compensators/


J O H N  C .  R AT L I F F

“Vintage diving can lead divers into the 21st 
Century”



E X T R A  S L I D E S

• Integrating equipment designs with underwater 
swimming techniques 

• Adding new designs for better, more streamlined and 
powerful horizontal swimming 

• Adapting the Para-Sea BC to use by double amputees



S C O O P  F I N  V E C T O R  A N A LY S I S
SEARAT’S  SCUBA INTEGRATED UNITS



A M F  V O I T  V 6 6  M O D I F I E D  S C O O P  F I N S
SEARAT’S  SCUBA INTEGRATED UNITS





P L A N A  AVA N T I  M O D I F I E D  S C O O P  F I N
SEARAT’S  SCUBA INTEGRATED UNITS



H A M M E R H E A D  U N I T  
F O R W A R D  U N I T  E VA L U AT I O N  1 9 7 6

SEARAT’S  SCUBA



S E A - T U R T L E : D O L P H I N  S W I M M I N G
SEARAT’S  SCUBA



S E A - T U R T L E : D O L P H I N  S W I M M I N G
SEARAT’S  SCUBA



PARA-SEA BC HARNESS INTEGRATED WITH HOLDER FOR DIVERS  
WITH DOUBLE AMPUTATIONS,  US ING THE HAMMERHEAD 
FOR WARD UNIT  AND MODIF IED SCOOP F INS

SEARAT’S  SCUBA INTEGRATED UNIT


