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Lecture is a Democracy!

You control speed with your questions




There are no “stupid questions” !

The only “Dumb Question”
is the one that is unanswered ‘cause it was not asked

The “Dumbest Question”
is the unasked question that could’ve solved a problem



The great Philosopher

Socratic Method:
Asking &
Answering Questions

Still one of the best learning tools

TRUYST ME..
I'M A
_ CHEMISTRY




Knowledgeable, Physically Fit Divers

Gospel

Have More Fun!




HBO




Purpose of a Hyperbaric Chamber

Provides Physical Containment For Elevated Pressures
Allows use of breathing gases other than air
Treatment for barotrauma emergencies
Treatment of a variety of non-diving related maladies
Treatment of wounds
Research in diving physiology
Testing equipment used in diving

Hyper = higher
Baric = pressure

LPT



Hyperbaric Oxygen Therapy
Mechanical Effects of Pressure:

May remove bubbles blocking circulation




Hyperbaric Oxygen Therapy

Dive malady treatment can be expensive:
Can be tens of thousands of dollars or more

b

Ambulance (land, sea, or air)

ER admission, diagnosis, tests
Gases

Medications

Medical staff \

DAN diver’s insurance is wise



Hyperbaric Oxygen Therapy

Diver injury treatment cannot sustain cost of chamber facility
FDA HBOT approved treatments for chamber facilities:
Radiation tissue damage

Diabetic lower extremity wounds (diabetic foot ulcers)

Failed skin grafts and flaps

Crush injury & other acute traumatic ischemias

Necrotizing soft tissue infection

Carbon monoxide poisoning and smoke inhalation

Cyanide poisoning
Central retinal artery occlusion €
Non-healing wounds

Gas gangrene

Brain injuries / dysfunction
Refractory bone infections
Diving Injuries




Hyperbaric Oxygen Therapy

Wound Healing is considered “Miraculous”
For SKkin grafts and thermal burns

Burn Scarring 1 Year After HBOT

Davis & Host, Hyperbaric Oxygen Therapy, p.238 LPT






Robert Boyle

Irish Alchemist
Father of modern chemistry
Founder of Royal Society

New Experiments: Phsico-Mechanical Touching the spring of air and their effects

The Sceptical Chymst (Air, Earth, Fire, & Water not elements)

In an evacuated chamber
Observed bubble in snake’s eye
Reduced Pressure Changes Physiology
First documentation of “bubble trouble”
Bell produced no sound
Air needed to carry sound




1662: Nathaniel Henshaw
English physician and theologian

both hyper- and hypo- baric
(most likely little change from atmospheric pressure)

“In times of good health this domicilium is
proposed as a good expedient to help digestion,
to promote insensible respiration, to facilitate
breathing and expectoration and consequently,
of excellent use for prevention of most affections
of the lungs."

His work was basically ignored by the medical community



1832: French Pneumatic Chamber

Physicians:
Tabarie (1832)
Junod (1834)
Pravez (1837)

Claimed “baths” were panacea for:
lung diseases such as tuberculosis,
laryngitis, tracheitis, and pertussis
and

Other maladies:

deafness, cholera, rickets,
menorrhagia and conjunctivitis




1856: Georg von Liebig

“Pneumatic Chambers”

At Bad Reicherthall Spa




1875: Carlo Forlanini

Lavish Italian “Pneumatic Institutes”




1879: J.A. Fontaine

French Surgeon
Mobile Operating Room

~20 surgeries: faster healing and no infections



Origin of term “The Bends”

Building of Brooklyn Bridge (1870’s)

~ 100 Caisson workers experienced pain on surfacing
Assumed postures similar to women dancing “Grecian Bend”
Wanted to return to work to lessen the pain

Being “Bent” was an insult

Caisson's disease and
Sponge Diver’s disease
Same malady




1877: Paul Bert

Studied Caisson’s Disease and Sponge Diver’s Disease
Concluded they had the same mechanism

PRESSTON DAROMETRIOUE

Suggested slow ascent from bottom to surface prevented symptoms

Demonstrated:

CNS Oxygen Toxicity:
Termed “Paul Bert Effect”

1878: Published “La Pression Barométrique"
“The gases that make up the air interact chemically with the body and in proportion to the pressure”



1917: Drager’s First Portable Chamber

Allowed home treatments
Hand-powered compressor



Early 1900’s: John Scott Haldane

Scottish physiologist

Used goats as a model for decompression sickness

Developed first successful set of decompression tables

Deduced that nitrogen gas followed Henry’s Law in dissolving in tissues

Goats bent foreleg was used as indication of being “bent”

LPT



Late 1920’s: Cleveland Hyperbaric Hotel

Opened in 1928

Designed by Orval Cunningham

Operated at 2 ata

Assumed hyperbaric environment
would cure bacterial infections







Oxygen Necessary For Life

Metabolism: narrow oxygen partial pressure window
CH,,0,+60,=2>6CO,+ 6 H,0

Cellular components + O, = “Bad stuff” (ROS)
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pO, <0.16 ata pO, > 1.6 ata
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Hyperoxia
Reactive Oxygen Species (ROS) Constantly Produced
Direct result of oxygen molecule’s chemical reactivity

Endogenous Exogenous Antioxidant

sources of ROS causes of ROS defenses

« Mitochondria production * Enzymes (catalase,

* Peroxisomes » Ultraviolet |Igh1 Sll.lperﬂ}(lde

* NADPH * lonizing radiation dismutase, and
oxidase * Drugs glutathione_

¢ Other * Inflammatory Normal per‘omd_asej
enzymes cytokines physiology . Gllu!al_mone

* Environmental = \itamins A, C, and E
toxins * Other antioxidants

Excessive ROS Inadequate ROS

* Cell death * |[mpaired immune function
* Diseases * Impaired cell proliferation
* Aging » Other impaired responses

ROS are biologically very destructive
Numerous biological defenses against ROS



Hyperoxia Effects

Higher pO, increases ROS concentrations

Increase partial pressure: drive reaction to the right
Cellular components + O, = “Bad stuff” (ROS)

High inspired oxygen pressure

Renal
Chemical toxicity Erythrocyte damage
Tracheobronchial tree hemolysis
Capillary endothelium

e Toxic effects upon
Alveolar epithelium

Hepatic enzymes and cells of

Myocardial effects central nervous system

damage Chemical toxicity

Pulmonary damage Destruction of any cell
Atelectasis Death

_ Endocrine effects Twitching
Hypoxemia ’ Adrenal Convulsions
Acidosis Retinal Gonads Destruction of neurons
Death damage Thyroid Death




Hyperoxia Effects

)
Eyesﬁr }——cCentral
- Visual field loss ' - Seizures
- Near-sightedness
- Cataract formation
- Bleeding

- Fibrosis

Respiratory

- Jerky breathing
- Irritation

- Coughing

AP

§
-
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e | oo BN\ | e - Pain

Musp uigr—-—— : £ ¥ hE 2 - Shortness of breath

- Titeng B et - Tracheobronchitis

- Acute respiratory
distress syndrome

Symptoms depend on pO, and exposure time



Hyperoxia Effects on CNS

VENTID - C

\ : :

E Not a progression ... maybe no warning
N May start with convulsions

T Twitching usually starts at lower lip

|
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C

ConVENTID

Historically, CNS Effects termed “Paul Bert Effect”



Hyperoxia Effects on CNS

Heavy exercise

Breathing dense gas
Breathing against resistance
Increased CO, buildup
Chllllng or hypothermla
Water immersion (as opposed to “chamber dlvmg”)

Oxygen tolerance tests no longer considered valid



Hyperoxia Effects on CNS

Anecdotal suggestion that Sudafed increases seizure risk
(seizures are a side effect in children)
Other concerns:
anti-motion drugs (especially transderm (scopolamine))
aspirin, caffeine, viagra, nitro heart medication

pmumswuwmmmf -

KEEP ONTOF REACH OF

Sudafed




Biological Defenses Occasionally Sold to Divers
No evidence that ingestion of unprotected SOD has any physiological effects

SOD bound to wheat proteins MIGHT improve its ROS protection

Nitrox Therapy is a power workout Nitric Oxide promoter

Recent Findings suggest eating dark chocolate bar
~ 30 minutes pre-dive offers some protection from oxidative cell damage

F
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SOD/cAT
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Whole Body Oxygen Toxicity

Formerly Pulmonary Toxicity (Lorrain Smith Effect)
Contrasted to CNS Toxicity (Paul Bert Effect)

CNS |

: oo |
Toxicity | CNS Toxicity Precedes

Is \ !
: Detectable Pulmonary Effects
Evidenl"i Y

Pulmonary Toxicity
No Detectable s Evident .
Toxicity for Rapid Onset
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Z
LL]
Q)
>
<
O
O
Ll
«
o
%,
=

PRESSURE, Atmospheres
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DURATION OF
OXYGEN BREATHING, Hours




Whole Body Oxygen Toxicity

No-deco stop diving concerned primarily with CNS toxicity

Whole Body a concern for:
Extended range
Deco diving
Intensive, multiple dive operations |
Mixes with high O, concentration 7

Onset: breathing high pO, (> 0.5 ata) for hours
Relietf: breathing pO, < 0.5 ata

Primarily effects the lungs
Typically, not a concern in standard range diving

LPT



Whole Body Oxygen Toxicity

Symptoms

Chest pain or discomfort
Coughing

Chest tightness

Fluid in the lungs
Reduction in vital capacity

SKin numbness and itching
Headache

Dizziness

Nausea

Visual disturbances
Diminished aerobic capacity

Body optimized for 21% O,
High pO, alters tissue structure
Lung tissue

Thickens

Becomes less pliable

Reduces vital capacity




Oxygen Toxicity Units (OTU)

Based on decreased lung vital capacity while breathing 100 % O,
1 OTU = Breathing 100% O, for 1 minute [ttt

At constant depth:

Ascending and descending:

time (t) in minutes

pO, at constant depth in absolute atmospheres
pO, , at final condition in absolute atmospheres
pO, , at initial condition in absolute atmospheres

Solving involves integration of pressure over time = best done by computer



Oxygen Toxicity Units (OTU)
EAN, diving below OTU threshold, so typically not tracked

Divers Track OTU’s By
Allowed Daily Exposure: 1440 Computer Planning Software
Typical DCS Treatments: In-water Dive Computers
Table S: 297 OTU Tables
Table 6: 607 OTU Spreadsheets

Table 6A: 820
EAN Diving: ~40 -300
Extended Range Diving: ~850
Typical Technical: ~300 - 400

N
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Treatment Tables:

Time / depth profiles defining treatment protocols
Standard protocols for hyperbaric medicine

—_—— ¥z

Chamber capabilities
Hospital / medical support
Gases available
Nature of injury
Patient response
Physician Evaluation




Non-Diving Uses of Hyperbaric Chambers

Indication

Minimum #

Treatment Table Treatments

Maximum #
Treatments

Carbon Monoxide
FPoisoning and Smoke
Inhalation

Gas Gangrene (Clostridial
Myonecrosis)

Crush Injury, Compartment
Syndrome, and other
Acute Traumatic Ischemia

Enhancements of Healing
in Selected Wounds

Necrotizing Soft-Tissue
Infections (subcutaneous
tissue, muscle, fascia)

Osteomyelitis (refractory)

Radiation Tissue Damage
(osteoradinecrosis)

Skin Grafts and Flaps
(compromised)

Thermal Burns

QD = 1 time in 24 hours

Treatment Table 5 or Table 1
6 as recommended by the
DMO

Treatment Table 5 TID = 1
day then
BID x 4-5 days

Treatment Table 9
TID % 2 days
BID x 2 days
QD x 2 days

Treatment Table 8 QD or
BID

Treatment Table 9
BID initially,
then QD

Treatment Table 9 QD

Treatment Table 9
QD

Treatment Table 9
BID initially,
then QD

Treatment Table 9
TID x 1 day,
then BID

BID = 2 times in 24 hours TID = 3 times in 24 hours

5




USN Treatment Table 1A

TABLE 1A NOTES - TABLE 1A
1. Use—treatment of pain-only decompression

sickness when oxygen cannot be used and pain Depth Time Breathi El Tﬂ::lr_ All‘ Table
is relieved at a depth less than 66 feet. P ATl Apestine

. Descent rate—25 ft/min sloct (rimmes) el {min.I..ales} FOI’ DCS OI‘ Ail‘ EmbOlism

. Ascent rate— 1 minute between stops.

100 30 Air

e [ -
B L3 O

a0 12 Alr
. Time at 100 feet— includes time from the surface &0 an iy

. If the piping configuration of the chamber 50 30 Adr
does not allow it to return to atmospheric 40 30 Air
pressure from the 10 foot stop in the one 30 60 Air
minute specified, disregard the additional 20 60 Air
time required. 10 120 Air

0 1 Air

it s |
T
=] Th h

W
T

£
~J
&

TABLE 1A DEPTH,/TIME PROFILE

—————— Descent Rate = 25 FL./Min.
e A5CENE Rate = 1 Min. Between Stops

Total Elapsed Time: 380 Minutes

Depth (feet)

a0 1l1z2 11l 30 1l {11

Time (minutes)




USN Treatment Table 2A

: Total
. Use—treatment of pain-only decompression Depth Time Breathing Elapsed Time

sickness when oxygen cannot be used and pain | (feet) (minutes) Media (minutes) Air Table
is relieved at a depth greater than 66 feet 165 30 Air 30

 Detcant rata— 25 fimin. 140 12 Air 43 For DCS or Air Embolism

. Ascent rate—1 minute between stops. 120 12 Air 56
. Timeat 165 feet— includes time from the surface. igg :? ’;:'r 69
3 2

. If the piping configuration of the chamber does 4 33 .a.” ‘?:
not allow it to return to atmospheric pressire 50 5 A" s
from the 10 foot stop in the one minute speci- ! 144

; 2 i ! : 40 30 Air 175
fied, d he additional r ired. .
ie isregard the additional time requ a0 120 Air :

20 120 Air 417
10 240 Air 658
0 1 Adr 659

TABLE 2A DEPTH/TIME PROFILE

Descent Rate = 25 FL/Min.

Ascent Rate = 1 Min. Between Stops

Total Elapsed Time: 6553 Minutes

Depth (feat)

I 30 hiszlabeziala2lel 214l 30 11l 30 141 30 Il

Time (minutes)




USN Treatment Table 3

Total
. Use—treatment of serious symptoms when oxy- -~ Depth Breathing Elapsed Time

gen cannot be used and symptoms are relieved (teat) Time Media (hrs:min) All’ Table
within 30 minutes at 165 fest. 165 30 min. Air 0:30

e et e tossible. 140~ 12min, Air 0-43 For DCS or Air Embolism

. Ascent rate— 1 minute between stops. 120 12 min. Air 0:56

: ; J 100 12 min. Air 109
. Time at 165 feet— includes time from the surface. 80 12 min. Air 1:92

. If the piping configuration of the chamber does 60 30 min. Oxygen 1:53
not allow it to return to atmospheric pressure ; (or air)
from the 10 foot stop in the one minute speci- &0 30 min. Oxygen 2:24
fied, disregard the additional time required. (or air)
: 40 30 min. Oxygen
(or air)
30 - 12 hr. Air
20 2 hr. Air

TABLE 3 DEPTH/TIME PROFILE i Zhr, Alr
0 1 min Air

Descent Rate = As Fast As Possible

Ascent Rate =1 Min. Between Stops

Total Elapsed Time: 18 Hours 53 Minutes

Depth (feet)

i1z 1l iz lalaz el 30 11l 30

Time (minutes)




USN Treatment Table 4

Total
. Use—treatment of serious symptoms or gas Depth Breathing Elapsed Time 1
embolism when oxygen cannot be used or (feet) Time Media (hrs:min) All’ Table

when symptoms are not relieved within 30 min- 165 Yeto 2 hr Air ° °
utes &t 165 feet. b e, e 2:00 For DCS or Air Embolism

L
. Descent rate—as fast as possible. 120 Yahr Air 3:02

. Ascent rate— 1 minute between stops 100 vahr Air 3:33

; : Ya hr Air 4:04
. Time at 165 feet— includes time from the surface. 6 hr Air 10:05

. Mo modification or extension of this table is & hr Air 16:06
permitted except by a Diving Medical Officer. & hr Air 29-07
. If the piping configuration of the chamber does 11 hr Air 33:08
not allow it to return to atmospheric pressure 1 hr. Oxygen 34:08
from the 10 foot stop in the one minute speci- (or air)
fied, disregard the additional time required. : Air 35:09
Oxygen 36:09
(or air)
TABLE 4 DEPTH/TIME PROFILE < Alr S
et E R e SRR 1hr. Oxygen 38:10

_‘\ ; (or air)
N : 5 Oxygen 38:11

— Descent Rate = As Fast As Possible
Ascent Rate - 1 Min. Between Stops

Total Elapsed Time: 36 hours 41 minutes (1/2 hour at 165 FSW) o
38 hours 11 minutes (2 hours at 165 FSW)

Depth (leet)




USN Treatment Table 5

Total 1
. Use—treatment of pain-only decompression ° Depth Time Breathing Elapsed Time All' Table

sickness when oxygen can be used and symp-  (feet) (minutes) Media (minutes) ° °
toms are relieved within 10 minutes at 60 feet. &0 Clx-,qrn o FOI‘ DCS Ol' All‘ EmbOllSIn
Patient breathes oxygen from the surface. 5 o o

Minimal Oxygen Table

3

na

. Descent rate— 25 ft/min. EﬂL:

. Ascent rate—1 ft/min. Do not compensate for gq 44 ag
slower ascent rates. - Compensate for faster aq
rates by halting the ascent. 30

. Time at 60 feet begins on arrival &t 60 feet. 20

. If oxygen breathing mustbe interrupted. allow 15 4544
minutes after the reaction has entirely subsided :
and resume schedule at point of interruption.

. If 'oxygen breathing must be interrupted at 60
feet, switch to TABLE 6 upon arrival at the 30
foot stop.

. Tender breathes air throughout. If treatment is
a repetitive dive for the tender or T.:ltﬂE"; are
lengthened. tender should breathe
ing the last 30 minutes of ascent 1o the surface. - TABLE 5 DEPTH/TIME PROFILE

L R
o S th

o)

|
on

o th © th

(%]
%]
o

Descent Rate = 25 FL./Min.
—Ascent Rate = 1 FL/Min.

Total Elapsed Time: 135 Minutes J
(Mot Including Descent Time)  /

=
]
=
o
r.-
[=]

a0

Time lminutes)



USN Treatment Table 6

. Use—treatment of gas embolism when oxygen

can be used and symptoms are relieved within Alr Table

15 minutes at 165 feet.

. Descent rate—as fast as possible. B [For DCS or Air Embolism

. Ascent rate—1 ft/min. Do not compensate for  pepth Time Breathing Elapsed Time

slower ascent rates. Compensate for faster as- (feet) (minutes) Media (minutes) Deep EXtenSlOn
cent rates by halting the ascent. . 165 15 A 15
I\r -

. Time at 165 feet—includes time from the surface. o' =q 4 Air 19

. If oxygen breathing must be interrupted, allow &0 20 Oxygen 39
15 minutes after the reaction has entirely &0 5 Air 44
subsided and resume schedule at point of &0 20 Oxygen 64
interruption. 60 to 30 30 Oxygen 94

. Tender breathes air throughout. If treatment is 30 5 Air 99
a repetitive dive for the tender or tables. are 30 20 Oxygen 119
lengthened, tender should breathe oxygen dur- 30 5 Air
ing the last 30 minutes of ascent to the surface. 30to0 30 Oxygen

TABLE 5A DEPTH/TIME PROFILE

Decent Rate - As Fast As Possible
Ascent Rate ~ 26 FL/min.

Total Elapsed Time: 154 Minutes

neptn 11&&!]

/— Ascent Rate = 1 FL/Min.

30

Time (minulés)




USN Treatment Table 6A

. Use—treatment of gas embolism when oxygen ir Table
can be used and symptoms moderate to'a major A
extent within 30 minutes at 165 feet. 3

. Descent rate— as fast as possible. FOI' DCS Ol' Ail‘ EmbOliSln

3. Ascent rate—1 ft/min.- Do-not compensate for
Total °
slower ascent rates. Compensale for f3SIe( 35" " pp  Time  Breathing Elapsed Time Extended Deep Extension
) (feet) (minutes)  Media (minutes)
. Time at 165 feet— includes time from the surface.

3 165 30 Air 30
. If oxygen breathing must be interrupted, allow * 155 10 60 4 Air

15 minutes after” the reaction has entirely 60 20 Oxygen
subsided and resume schedule at point of g

Air
interruption. 5 4 20 O)wggn
. Tender breathes air throughout. If treatment is 5 Air

a repetitive dive for the tender or tables are 20 Oxygen
lengthened, tender should breathe oxygen dur- 5 Air
ing the last 30 minutes of ascent to the surface. 30 Oxygen
. Table 6A can be lengthened by an additional 15 Air
25 minutes at 60 feet (20 minutes on oxygen 60 Oxygen
and 5 minutes on air) or an additional 75 min- 15 Air
utes at 30 feet (15 minutes on air and 60 min- Oxygen
utes on oxygen), or both. Oxygen

.TABLE 6A DEPTH/TIME PROFILE

Descent Rate = As Fast As Possible

Ascent Rate = 26 FL/Min.

Total Elapsed Time: 319 Minutes

Ascent Rate - 1 FL/Min.

Depth (feet)

20 | 5| 30

Time (minutes)




USN Treatment Table 9

Oxygen Treatment
For Residual Symptoms

CO or CN Poisoning
Elapsed time (hours:minutes) after reaching full pressure Smoke Inhalation
(R Ty Ty R r
n4 =i
o0 e

5 30 5 30

W

—

™
y
]
L]
-’

Interval {minutes) 2:15¢

—

Presswure imn T

20 fsw (6 msw) per minute descent I8 Oxygen
20 few {b msw) per minute ascent Alr




COMEX Table
Deep Diving (Saturation ) Contractor

6l 255 25 5 255 205 20 5 10 5255 25 5 25 5 155 25 5 25 5 15 5 3

120 kPa (12 msw)

. Attendant on O,
/ 180 kPa (18 msw)

!

240 kPa (24 msw)

Duration 6hrs 59min

300 kPa (30 msw) @ 50/50 Helium / Oxygen




In-Water Recompression

Considered non-viable in North America

Pyle In-water Recompression Table

10 minutes surface oxygen and re-evaluate

Air or nitrox breaks 5 min every 20 min Breathe oxygen at surface

b
-~

Ascent rate 1 ft/ min

N
Start ascent if symptoms reselved
If symptoms persist, continue treatment until:
Symptoms resolve
Pulmonary oxygen toxicity symptoms
Conditions change adversely
Oxygen supply exhausted
Emergency transport arrives

=
£
~—
E
(Ta]
]
ot
Y
=
U
]
n
<

If no relief after 10 minutes oxygen breathing at 25 fsw, decend to 50 fsw
on air or nitrox and wait 2 minutes. If symtoms resolve, hold depth for
8 additional minutes then return to 25 fsw and continue oxygen.

If symptoms do not resolve after 2 minutes at 50 fsw, continue decent and
repeat 2/ 8 cycle in 25 fsw increments, to a maximum of 125 fsw.

Ascent rate 10 ft/ min

110 130 150 170 190
1 | I ] |

Time (minutes)

© STEPHEN FRINK

Large Gas Supply
Full Face Mask
Communication
Cold Protection
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Chambers Are Pressurized Containers

Made of Steel, Aluminum or Lucite

Must meet standards / codes of:

NFPA'1

Fire Code
2018

SETTING THE STANDARD

ASME PVHO-2
Safety Standard for Pressure Vessels for Human
Occupancy: In-Service Guidelines m @



Chamber Specifications

Diving Community: Diameter of the Chamber
Medical Community: Patient Capacity
1 Bunk = 3 people

LPT



Personal Chambers
Small

Can be air-lifted
Often inflatable
Home use for non-diving maladies




Monoplace Chambers

Typically pressurize to 60 fsw or less (often with O,)
Used primarily for non-diving injury treatments
Lucite pressure-containment vessel




Single Lock Chamber

Typically only room for one person
No ability for medical staff to enter / exit chamber

OXYGEN
NO

SMOKING
NO NAKED
LIGHTS

LPT



Single Lock Chamber

Schematic from USN Dive Manual

8
Lk
1. Single Lock g, Stuffing Tubes for Cables
2. Air Supply — two valve 10. Lights (4]
3. Air Supply — one valve 11. Medical Lock — 1B inch dia.
4. Exhaust — two valve 12. Transmitter- Receiver
5. Exhaust — one valve 13. Door Dog Handwheel
6. Oxygen Supply 14. Pressure Gage — outside
7. Relief Valve 15. Pressure Gage — inside
TA. Gag Valve 16. Shelf — 6" x2
B. Viewports (3)
Design Pressure — 100 psig Principal Locations — Repair/salvage ships and

ome shore-ba facilities.
Original Hydrostatic Test Pressure — 200 psig : Py g



Dual-Lock Chamber

Two separate, but connected pressurized containers
Allows movement of personnel / equipment between chambers

LPT



Dual-Lock Chamber

Schematic from USN Dive Manual

1. Inner Lock 11A. Gag Valve
2. Quter Lock 12. Viewports — inner lock (4]
3. Air Supply Connection 13. Viewports — outer lock (2)
4. Air Supply — two valve 14. Transmitter — Receiver (2)
5. Air Supply — one valve 15. Lights — inner lock (2)
6. Inner Lock Pressure Equalizing Valve 16. Lights — outer lock
7. Exhaust — two valve 17. Pressure Gage — outside (2 each lock)
8. Exhaust — one valve 18. Pressure Gage — inside (1 each lock)
9. Exhaust Qutlet 19. Power Distribution Panel
10.  Oxygen Manifold 20. Ciock (optional}
11.  Reliet Valve — 110 psig 21. Door Dogs
Design Pressure — 100 psig ~Volume — inner lock = 136 cubic feet
— outer lock = 65 cubic feet
Original Hydrostatic Pressure — 200 psig Total = 201 cubic feet

Principal Locations — Repair/salvage ships and
most shore-based facilines



Former U of Michigan Chamber

b

Used to train chamber attendants and instructors
Used for treating diving injuries
Donated to Guam when Lee Somers Retired

LPT






Physical Plant Components

One or More Pressure Vessels (Chambers)
Pressurization (Compressors) System

Gas Supply / Analysis
Plumbing

Electrical System
Communication System
Environmental Control
Fire Suppression System
Patient Care

;:TE

e [-1f+w0__

LPT



Chamber Doors

O-Ringed Seal
Designed to “seal” with pressure
(Prevents accidental opening)

LPT



Medical Lock

Small appendage to chamber
Allows convenient passage of:




Acrylic Viewports

Allows viewing interior of chamber




Temperature

Entering gas:

Descending: Adiabatic compression increases temperature
Ascending: Adiabatic expansion decreases temperature



Environmental Controls / Instrumentation

Accurate pressure / depth
Temperature
Humidity
Time

Gas analysis

TV monitor



Communication

Lock-to-Lock
Lock to Outside
Voice Powered




Gas Supply: Compressors

Main and backup medical grade air compressors
Compressed gas cylinders for each gas used in treatment

LPT



Gas Supply: Gas Cylinders

Compressed gas cylinders for each gas used in treatment
Enough for two complete chamber fills at maximum pressure

INTERNATION
AL

oxygen Whlte

B e

Brown Brown

Nitrogen Black Black




Gas Supply: Storage

Compressors feed storage cylinder bank
Gas to chamber from storage cylinders

2 ata / min to 60 fsw
lata / min thereafter

Air Standards:




Must:

Meet supply demands
Identify:

Function

Contents

Maximum pressure
Direction of flow

Gas Flow:

Enter at Top

Exit at Bottom

Assists particle removal
Toxic gasses heavier than air




Piping

Schematics from USN Manual

Outer Lock

Inner Lock

BEF BEF\ BEREEE

ox

—

(0,4
ox

ox
OoX
(0 )4
HE OX

HE OX 8.
HE OX 9.
HE 0X 10.
HE OX 11.
HE OX 12.
HE OX 13.

N O s wN

Da E

3 8 7

. “‘Breathing Oxygen" High Pressure
Cylinders.

. Oxygen Cylinder Valve

. Cylinder Isolation Valve

Oxygen Regulator—75 psig

Oxygen Manifold Valves—inner lock

. Oxygen Manifold Valves—outer lock

80% Helium—20% Oxygen High Pres-
sure Cylinders

He-O3 Cylinder Valve

He-O2 Regulator 75 psig

He-O9 Manifold Valves—inner lock
He-O7 Manifold Valves—outer lock
Oxygen Supply Pressure Gage

He-07 Supply Pressure Gage

OX = Oxygen
HE OX = Helium Oxygen
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Piping Schematic—Oxygen and Helium—

Oxygen Supplies

200 psi

100 psi

CHAMBER 250 psig

ALP
ALP
ALP
ALP
ALP
ALP
ALP
EXH-1
EXH-2

Lo 28 J 913
o

Outer Lock {OL)

Air In At
CHAMBER 350 psig

2 3§ He
a$_$a1u$ 311

1

Exhaust Remote
From Chamber

7 26

inner Lock (IL)

ALP = Air Low Pressure
EXH = Exhaust

1. Two-Valve Air Supply—outside vaive—OL
2. One-Valve Air Supply—0OL

3, Two-Vaive Air Supply—cutside valve—IL
4. One-Vaive Air Supply—IL

5. Two-Valve Air Supply—inside vaive=0L
6. Two-Vaive Air Supply—inside vaive—IL
7. Inner/Quter Lock Equalization Valve

8. Two-Valve Exhaust—outside valve—OL
9. One-Valve Exhausi—OL

EXH-3 10. One-Vaive Exhaust—IL

EXH-4 11. Two-Valve Exhaust—outside valve—IL
EXH-5 12. Two-Vaive Exhaust—inner valve—OL
EXH-6 132. Two-Vaive Exhaust—inner vaive—IL

Piping Schematic—Chamber Air Supply
and Exhaust



Fire Suppression

Everything inside must be non-flammable (Rigid NFPA Codes)
Water sprinkler system

Non-flammable gases
Spark free clothing of occupants

Extinguishers:
Foam
Water




Records Maintained

Time Vs:

Medical Treatments




Staft

Chamber Supervisor

Tender

LPT



Staft

Physician

Evaluates patient

Assigns treatment protocol
Oversees all medical aspects

Recorder

Maintains all records

Monitors time

Informs stattf of needed chamber changes

EMT’s / First Responders

Stabilize patient for transport
Transport to chamber

Operate under medical supervision

LPT
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Dive long an prosper




