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Royal Navy Physiological Laboratory Royal Navy Physiological Laboratory 
Alverstoke, Hampshire, UK 1970





Inside RNPL chamber doing N2
Narcosis reaction time studies  1960Narcosis reaction time studies, 1960



RNPL, 1963







400 Feet400 Feet 500 Feet500 Feet

1 Atmospheric pressure1 Atmospheric pressure 40 140 1 ±± 6 86 8 30 730 7 ±± 4 44 41. Atmospheric pressure1. Atmospheric pressure 40.1 40.1 ±± 6.86.8 30.7 30.7 ±± 4.44.4

2. Expected result (learning)2. Expected result (learning) 37.8 37.8 ±± 5.85.8 29.9 29.9 ±± 3.7*3.7*

3. Actual result3. Actual result 37.2 37.2 ±± 4.84.8 34.2 34.2 ±± 4.0*4.0*

4 Difference 24 Difference 2 33 +0 06+0 06 ±± 2 32 3 +4 4+4 4 ±± 2 22 24. Difference 24. Difference 2--33 +0.06 +0.06 ±± 2.32.3 +4.4 +4.4 ±± 2.22.2

5. Return to atmospheric 5. Return to atmospheric 
pressurepressure 36.1 36.1 ±± 5.85.8 30.0 30.0 ±± 3.83.8pressurepressure

*P  = 0.02*P  = 0.02









Lt. Wookey 1956: Dives with He/O2 to 600 ft





6  D  B tt  it  di   t 8  ft    h li   d 1965: Dr. Bennett monitors divers at 800 ft on oxygen‐helium and 
records first occurrence of the High Pressure Nervous Syndrome



600 ft (6)600 ft (6) 800 ft (4)800 ft (4)

Sums correctSums correct --18%18% --42%42%

Sums attemptedSums attempted --4%4% --6%6%

Number of ball bearingsNumber of ball bearings --25%25% --53%53%



Johnson & Flagler, 1950
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USN Experimental Diving Unit Washington 1966
From left: David Elliott  Peter Bennett  From left: David Elliott, Peter Bennett, 
Val Hempleman, John Rawlins, Bob Workman



DCIEM: Toronto, Canada 
19669



New pressure chamber at DCIEM Toronto installed p
for new Pressure physiology group under the 

direction of Dr. Bennett, 1966



Dr. Bennett descends into the wet pot at the DCIEM chamber, 1967.  
He made 79 dives 200 ft to 300 ft testing the new DCIEM 

d i   t   d t bldecompression computer and table.











Hannes Keller left this chamber at 1,000ft and swam free using O2/He (1962)



2 Di2 Divers
Oxygen/Helium
Compression in 2 hrs, 3 min
1,189 ft
Aborted after 4 min
Strong HPNS tremors, EEG changes,Strong HPNS tremors, EEG changes, 
fatigue, somnolence 



5 divers
305 msw (1000 fsw)3 5 ( )
24 hr 22 min compression
77 hr 30 min77 hr 30 min
2 of 5 fine tremors
A th l iArthralgias
Concluded “divers can perform well at 

  i l       ”pressure equivalent to 300 msw”



August Kalin:
First diver at 1 150 ft with First diver at 1,150 ft with 
closed circuit Draeger
breathing apparatus.  g pp
Swiss research Dive at 

RNPL Alverstoke.

1 hr 10 min compression 
to 1 000 ftto 1,000 ft

(Buehlmann & Bennett 1969)







John Bevan (left) and Peter Sharp (right)
subjects for RNPL 1,500 ft record dive



Dr. Val Hempleman (left) presents Dr. Bennett (right) with 
farewell silver cigarrette box from RNPL on leaving for Dukeg g

September 1972





From Left to Right: 
Hotel Manager, Hotel Manager, 
Margaret Bennett, 
Peter Bennett, 
Ruth Behnke, 
Al Behnke, 
Ken Donald, 
Hotel Marketing Dir.

UHMS International Symposium on Underwater 
Physiology & Medicine organized by Dr. Bennett

Grand Bahamas, 1972



Cont OCont O22 25 min O25 min O22/5 min Air/5 min Air 10 min 010 min 022/20 min /20 min 
AirAir

22
33
33

4.64.6
4.84.8
5 05 0

3.753.75
3.03.0
3 753 7533 5.05.0

5.45.4
5 45 4

3.753.75

5.45.4
Mean OMean O22 TimeTime 2.62.6 4.34.3 3.33.3

Total TimeTotal Time 2.62.6 5.15.1 9.99.9



S S OS S O T i iT i iS S OS S O T i iT i iSevere Symptoms Lung OSevere Symptoms Lung O22 Toxicity Toxicity 
Occurrence at 2 ATA in HoursOccurrence at 2 ATA in Hours

Severe Symptoms Lung OSevere Symptoms Lung O22 Toxicity Toxicity 
Occurrence at 2 ATA in HoursOccurrence at 2 ATA in Hours

Cont OCont O22 25 min O25 min O22/5 min Air/5 min Air 10 min 010 min 022/20 min Air/20 min Air

3.53.5
6.66.6
7 57 5

7.57.5
7.57.5
7 57 5

4.04.0
5.55.5
6 06 07.57.5 7.57.5

9.29.2
9.29.2

6.06.0

Mean OMean O22 TimeTime 5.85.8 8.28.2 5.15.1

Total TimeTotal Time 6.06.0 9.89.8 15.415.4



Dr. Chuck Shilling Awards Dr. Bennett the Undersea 
M di l S i  Alb  R  B h k A d  J   8Medical Society Albert R. Behnke Award, June 1983



1980 DAN Founded1980 DAN Founded





DAN’s home 1990‐1997
University Tower, Durham, NC



Di  Al t N t kDivers Alert Network
Durham, NC



DAN 1980‐2003
Members 200,000

Emergenc  Hotline 33 000 di ersEmergency Hotline 33,000 divers

Information Hotline 180,000 advice requests

DAN O2 Instructors 10,000

DAN O2 Providers 150,000

Over 50 courses on diving medicine

INTERNATIONALDAN

Europe

Japan

SE Asia Pacific

South Africa



Hiro Mano (left) with Peter Bennett (right)Hiro Mano (left) with Peter Bennett (right)



T   f  h  h d A i l   l iTremors of the hands
Myoclonic jerking of the limbs
Increased reflexes

Animals – convulsions
EEG theta (3‐7 hz) 
EEG alpha (8‐13 hz) ↓Increased reflexes

Nausea and vomiting
Loss of appetite, weight loss

EEG alpha (8‐13 hz) ↓
Evoked potentials 
Decrement in performanceoss o appet te, we g t oss

Dizziness
Fatigue and somnolence 

p
Poor sleep, vivid dreams
Visual/auditory 

(microsleep) hallucinations
Dyspnea



1. 6 Divers
2. 8 Days, 650 fsw2. 8 Days, 650 fsw
3. 3 ¾ Days compression to 1800 fsw
4 Severe HPNS4. Severe HPNS
 Fatigue, Dizziness, Nausea, Vomiting, Aversion to 

food, 8% weight loss, Poor Sleep, Diarrhea, Stomach 
Cramps, Dyspnea, Myoclonic Jerking

5. Future diving restricted to 1,000 fsw





TRIMIXTRIMIXTRIMIXTRIMIX
Duke Medical Center 1974Duke Medical Center 1974

DepthDepth Compression Compression 
TimeTime HPNSHPNSTimeTime

1000 ft1000 ft 33 mins33 mins No tremors;  no EEG No tremors;  no EEG 
changeschangeschangeschanges

2 hrs2 hrs Expon & stagesExpon & stages

10% N10% N22

No narcosis or HPNS, No narcosis or HPNS, 
underunder--water workwater work –– mildmild10% N10% N22 underunder water work water work mild mild 
euphoriaeuphoria





Compression 12 hr 30 min
Nausea, fatigue, somnolenceNausea, fatigue, somnolence
Poor sleep, nightmares
Marked intention tremor
EEG theta, delta increaseEEG theta, delta increase
Performance decrements



ATLANTIS IATLANTIS I
PSYCHOMOTOR TESTS



ATLANTIS I ATLANTIS I 
INTELLECTUAL PERFORMANCE







C i    h     iCompression 12 hr 30 min
Work to 180 watts
No nausea, tremors, vomiting
Inspiratory dyspnea less than IInspiratory dyspnea less than I
Felt better than Atlantis I
G d  l     i hGood sleep – no nightmares



1 case mild nausea/tremor during 1 case mild nausea/tremor during 
compression
No nausea  tremors  somnolence  vomitingNo nausea, tremors, somnolence, vomiting
Worked to 120 watts
Arterial catheterizations done
Performance decrements < 460 mswPerformance decrements < 460 msw



Atlantis IIAtlantis II
Intellectual Tests



Atlantis IIAtlantis II
Psychomotor Tests







Compression 7 d 9 h (2 x slow as I or II)
No nausea  vomiting  tremors  somnolenceNo nausea, vomiting, tremors, somnolence
Sleep problems
Some impaired concentration/attention span
No large performance decrement in g p
compression
Increase in theta and delta EEGIncrease in theta and delta EEG











RespirationRespirationRespirationRespirationRespirationRespirationRespirationRespiration
DyspneaDyspnea

 ProfoundProfound dyspneadyspnea
ThalmannThalmann//PiantadosiPiantadosi (1981) 56 ATA (1981) 56 ATA HelioxHeliox
 Profound Profound dyspneadyspnea
 Limits underwater exercise to 30Limits underwater exercise to 30--

40% of surface levels40% of surface levels40% of surface levels40% of surface levels
Reduced by application of +VE Reduced by application of +VE 

t tht thpressure at mouthpressure at mouth
Not relieved by increased oxygenNot relieved by increased oxygen







RespirationRespirationRespirationRespirationRespirationRespirationRespirationRespiration
DyspneaDyspnea

 Not related to arterial PCONot related to arterial PCO22 POPO22 or pHor pH
SalzanoSalzano et al. (1981) 47et al. (1981) 47--66 ATA 66 ATA TrimixTrimix

 Not related to arterial PCONot related to arterial PCO22, PO, PO22 or pHor pH
 5 or 10% N5 or 10% N22 ameliorativeameliorative

P t l t t li ht h i lP t l t t li ht h i l Present also at rest, light physical Present also at rest, light physical 
activity, talking, eating, drinking, activity, talking, eating, drinking, 
l i l di t dd ll i l di t dd lsleeping leading to sudden arousal, sleeping leading to sudden arousal, 

mouth breathingmouth breathing



Left to right: Bret Stolp, Richard Moon, John 
Salzano, Enrico Camporesi

Duke deep diving pulmonary physiology Duke deep diving pulmonary physiology 
investigators, 1981



Congratulatory letter from Congratulatory letter from 
President Ronald Reagan

February 13, 1981y 3, 9









Compression 7 d 9 h (2 x slow as I or II)
No nausea, vomiting, somnolence
L t d t i   f   f  ll   diLowest decrement in performance of all 4 dives
No signs of narcosis
Mild tremors at 650 mswMild tremors at 650 msw
2 divers “very comfortable”
1 diver hypomanic, delusions of grandeuryp , g
Full recovery on decompression
No permanent neurologic effects













GUSI DIVES 1983 1986GUSI DIVES 1983‐1986



14 deep dives (300 msw – 600 msw)4 p (3 )
13 divers
Certified weld 2 French divers (450 msw)Certified weld 2 French divers (450 msw)
No nausea, vomiting, tremors, fatigue
Some performance decrements from 500 msw







17 more deep Trimix 5% N2 dives to 450 m

Total 2662 man days saturationTotal 2662 man‐days saturation

983 welding days to 450 msw

Divers able to work and function well

No permanent neurological deficits



“ A l ti l i ith“ A l ti l i ith“ A slow exponential compression with “ A slow exponential compression with 
stages using TRIMIX 5 can be  considered a stages using TRIMIX 5 can be  considered a 
safe and effective method for deep safe and effective method for deep 
underwater work with no evidence ofunderwater work with no evidence ofunderwater work with no evidence of underwater work with no evidence of 
permanent residual signs and symptoms.”permanent residual signs and symptoms.”



Control of HPNSControl of HPNSControl of HPNSControl of HPNS
 Selection of diversSelection of divers Selection of diversSelection of divers
 Slow exponential compression Slow exponential compression 

ttraterate
 Long stages during compressionLong stages during compressiong g g pg g g p
 Use of nitrogen (Use of nitrogen (trimixtrimix))

All ti f d t tiAll ti f d t ti Allow time for adaptationAllow time for adaptation
 Use of excursion divesUse of excursion dives



NarcosisNarcosis HPNSHPNS

H porefle iaH porefle ia H perrefle iaH perrefle ia

+0.04% Neuronal Membrane+0.04% Neuronal Membrane
ExpansionExpansion

HPNSHPNS
--0.04% Neuronal Membrane0.04% Neuronal Membrane

ContractionContraction
 HyporeflexiaHyporeflexia
 Fall in surface tension Fall in surface tension 

(monolayer)(monolayer)
 Protected byProtected by LiClLiCl (rats)(rats)

 HyperreflexiaHyperreflexia
 Rise in surface tension Rise in surface tension 

(monolayer)(monolayer)
 Enhanced byEnhanced by LiClLiCl (rats)(rats) Protected by Protected by LiClLiCl (rats)(rats)

 Acetylcholine receptor Acetylcholine receptor 
binding increased in binding increased in 
electroplaqueelectroplaque (fish)(fish)

 Enhanced by Enhanced by LiClLiCl (rats)(rats)
 Acetylcholine receptor Acetylcholine receptor 

binding decreased in binding decreased in 
electroplaqueelectroplaque (fish)(fish)electroplaqueelectroplaque (fish)(fish)

 Reverses suppression Reverses suppression 
dopamine sensitive dopamine sensitive 
cyclic AMP responsecyclic AMP response

electroplaqueelectroplaque (fish)(fish)
 Suppressed dopamine Suppressed dopamine 

sensitive cyclic AMP sensitive cyclic AMP 
responseresponse

 Facilitates GABA Facilitates GABA 
mediated transmissionmediated transmission

 DECREASED DECREASED 
SYNAPTICSYNAPTIC

 Reduces GABA Reduces GABA 
mediated inhibitionmediated inhibition

 INCREASED SYNAPTIC INCREASED SYNAPTIC 
EXCITABILITYEXCITABILITYSYNAPTIC SYNAPTIC 

EXCITEMENTEXCITEMENT
EXCITABILITYEXCITABILITY

TRIMIXTRIMIX



The Abyss 
M i   d li id b thi   8Movie and liquid breathing 1987





30,000 ft







Professor John Scott Haldane



SurfaceSurface

1010 5 min5 min1010

2020

3030

5 min stop5 min stop

5 min 5 min 
stopstop

3030

4040

5050

5 min stop5 min stop

5050

6060

7070

30 ft/min30 ft/min

8080

9090

Time (Time (minsmins))
55 1010 1515 2020 2525 3030 3535 4040



Sir Leonard HillSir Leonard HillSir Leonard HillSir Leonard Hill



SurfaceSurface

10101010

2020

3030

5 min stop5 min stop

3030

4040

5050 30 ft/min30 ft/min5050

6060

7070

30 ft/min30 ft/min

8080

9090

Time (mins)Time (mins)
55 1010 1515 2020 2525 3030 3535 4040



HaldaneHaldane Postulated could ascend quickly to half the Postulated could ascend quickly to half the q yq y
absolute pressure of their depth (2:1 ratio) absolute pressure of their depth (2:1 ratio) 
followed by slow return to surface with followed by slow return to surface with 
stopsstopsstops.stops.

HillHill Uniform ascent rate and SDC (submersible Uniform ascent rate and SDC (submersible 
decompression chamber)decompression chamber)decompression chamber).decompression chamber).

TestsTests Proved ‘stage decompression’ better than Proved ‘stage decompression’ better than 
uniform ascent. Rapid decompression worstuniform ascent. Rapid decompression worstuniform ascent.  Rapid decompression worst uniform ascent.  Rapid decompression worst 
of all.of all.

TablesTables Published in 1907 down to 204 ftPublished in 1907 down to 204 ftTablesTables Published in 1907 down to 204 ft.Published in 1907 down to 204 ft.



ll l k ll Still like L. Hill
 Linear ascent at 30 ft/min
 5 min stop at 15 ft
 But it DID NOT WORK! But it DID NOT WORK!
What happened to Haldane 2:1 ratio

Which was safer?



Computer/TableComputer/Table 11stst Dive (mins)Dive (mins) 22ndnd Dive (mins)Dive (mins)
Edge/Edge/SkinDipSkinDip 1010 2323
AladinAladin 77 1919
MonitorMonitor 99 1717MonitorMonitor 99 1717
DataMasterDataMaster 1010 1616
DSAT TablesDSAT Tables 1010 1616
Datascan IIDatascan II 55 1414
DCIEM TablesDCIEM Tables 88 1212
56 USN Tables56 USN Tables 1010 101056 USN Tables56 USN Tables 1010 1010
92 USN Tables92 USN Tables 1515 44
BSAC TablesBSAC Tables 1313 00
RN TablesRN Tables 1111 00



ComputerComputer TissuesTissues Half Times (min)Half Times (min)

SolutionSolution 99 2.5, 5, 10, 20, 40, 80, 120, 240, 4802.5, 5, 10, 20, 40, 80, 120, 240, 480

VytecVytec 99 2.5, 5, 10, 20, 40, 80, 120, 240, 4802.5, 5, 10, 20, 40, 80, 120, 240, 480

Aladin ProAladin Pro 66 6, 14, 34, 64, 124, 3206, 14, 34, 64, 124, 320

Aladin Aladin 88 5 10 20 40 80 160 320 6405 10 20 40 80 160 320 640SmartSmart 88 5, 10, 20, 40, 80, 160, 320, 6405, 10, 20, 40, 80, 160, 320, 640

VersaVersa 1212 5, 10, 20, 40, 80, 120, 160, 200, 320, 5, 10, 20, 40, 80, 120, 160, 200, 320, 
400, 480400, 480,,

CommandeCommande
rr 1616 0 0 -- 10001000

C b AC b A 44 A i t l 21A i t l 21Cyber AquaCyber Aqua 44 Approximately 21Approximately 21

*Taken from manufacturers’ literature provided directly by manufacturer.



BloodBlood Very shortVery short
S i l dS i l d 12 5 i12 5 iSpinal cordSpinal cord 12.5 mins12.5 mins

Inner earInner ear 146146--238 mins238 minsInner earInner ear 146146--238 mins238 mins
Joints and Joints and 
bb 304304--635635 minsminsbonesbones 304304 635 635 minsmins



IDAN RESEARCH 2001IDAN RESEARCH 2001IDAN RESEARCH 2001IDAN RESEARCH 2001IDAN RESEARCH 2001IDAN RESEARCH 2001IDAN RESEARCH 2001IDAN RESEARCH 2001
Dive Dive 

ProfileProfile
Depth Depth 
metersmeters

Bottom Time, Bottom Time, 
including including 
descentdescent

Rate of Rate of 
Decompression Decompression 

/ i/ i

Stop Stop 
Depth Depth 

tt
Stop Time Stop Time 
minutesminutesProfileProfile metersmeters descent, descent, 

minutesminutes m/minm/min metersmeters minutesminutes

11 2525 2020 1010 No StopNo Stop No StopNo Stop
1R1R 2525 1515 1010 No StopNo Stop No StopNo Stop
22 2525 2020 33 No StopNo Stop No StopNo Stop

2R2R 2525 1515 33 No StopNo Stop No StopNo Stop
33 2525 2020 1818 66 55

3R3R 2525 1515 1818 66 55
44 2525 2020 1010 66 55

4R4R 2525 1515 1010 66 55
55 2525 2020 33 66 5555 2525 2020 33 66 55

5R5R 2525 1515 33 66 55
66 2525 2020 1010 1515

66
55
5566 55

6R6R 2525 1515 1010 1515
66

55
55



25

20

25

15% High and 
Very High

10
Very High 
Grade VGE

0

5

0
1 2 3

Ascent Rates:
1 = 3m/min ; 2 = 10 m/min; 3 = 18 m/min



30
35

20
25
30

% High and 

10
15
20

Very High 
Grade VGE

0
5

1 2 3

Dive Profiles:
1 = No stops; 2 = 6m stop only; 

3 = 18 & 6m stops



 Many types of deep stop

 ½ the depth still controversial ½ the depth still controversial

 Used in NAUI tables and some computersp

 More research required






