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A pioneer in the field of deep-sea diving, George
F. Bond helped develop the theory of saturation
diving and the techniques and dive tables used by
divers around the world. In this edited journal
made public for the first time—Bond offers a
lively account of his work with the U.S. Navy’s
first manned undersea habitats, the Sealab experi-
ments of the 1960s. Dubbed “Papa Topside” by
the media who followed his work with Navy
aquanauts, Bond gives a colorful eyewitness
account of what today are considered bench-
marks in the history of diving.

This is a candid, personal record of Sealabs I,
I, and III, and the FISSH experiment, the finale
of Bond’s career. The picture that emerges is one
of a brilliant, larger-than-life figure who, though
often difficult to get along with, earned the
respect and affection of his peers.

The book draws on the editor’s interviews with
Bond’s fellow researchers and divers as well as
Bond’s daily logs and correspondence. Always
frank and to the point, he describes his frustra-
tions with the Navy brass, his friendly competi-
tion with Jacques Cousteau, and his spirited rela-
tionship with aquanaut/astronaut Scott
Carpenter. As the only full-length book written
about U.S. aquanauts and their undersea exploits,
it is an important historical document. It is also
an entertaining read.

Jacket design: Pamela Lewis Schnitter

Jacket photographs: U.S. Navy



George Foote Bond, Captain (MC), USN, retired
from the U.S. Navy on 1 December 1975. As a
founding member of the Institute of Diving in
Panama City, Florida, he served it as president
emeritus and edited a newsletter for deep-sea
divers until his death on 3 January 1983. Captain
Bond rests alongside his wife, Marjorie, on a bluff
overlooking the Church of the Transfiguration in
Hickory Nut Gorge, Bat Cave, North Carolina.

On 17 May 1991, the Ocean Simulation Facil-
ity at the Naval Coastal Systems Laboratory,
Panama City Beach, Florida, which Captain Bond
had praised as “the finest hyperbaric complex I
shall see in my lifetime,” honored him by embla-
zoning his name above its entrance.

Helen A. Siiteri, the editor, became familiar with
Captain Bond’s work while researching the his-
tory of ship salvage in the U.S. Navy. She resides
in Rockville, Maryland.
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Frontispiece: Captain George E Bond checks the chamber pressure
gauge on the U.S. Navy’s first Personnel Transfer Capsule, which
rests on its side on the deck of the support barge YFNB-12.
Decompression of the four Sealab I aquanauts inside the chamber
took about one day. (U.S. Navy photo)

The four Navy aquanauts were Lester E. Anderson; Robert A.
Barth; Sanders W. Manning; and Robert E. Thompson.
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Foreword

Capt. George F Bond, MC, USN, who made his mark as one
of the U.S. Navy’s undersea pioneers and the “Father of Sat-
uration Diving,” was, first and foremost, a medical practi-
tioner to the family of Navy divers, Members of his squad-
ron sought his advice in connection with their most personal
problems and those of their families. He considered his as-
signment as senior medical officer an opportunity to prac-
tice family medicine in the truest sense. Submariners and
deep-sea divers recognized him as one of their own—a man
who spoke their language and shared their lives.

I knew him as perhaps no other associate did. During
my years with him as coinvestigator, I rarely went anywhere
in the Navy diving community that I did not hear stories of
how he had gone out of his way to provide medical attention
to sailors or their families. He was never too busy to share
our burdens.

Dr. Bond was a man of vision and foresight, fortified
with a sprinkling of fantasy and a single-mindedness of pur-
pose. As early as 1957, he postulated that human beings
would one day inhabit the seas as free agents. The transition
from fantasy to fact was not easy. While industry could take
immediate advantage of new technology, we were delayed in
our progress from one phase to the next by a constant re-
quirement to justify our goals to higher authority. However
deterred by that authority, Dr. Bond lived by the adage
“They’s more’n one way to skin a cat.”

The fact that a medical doctor and his small team were
embarked on a totally new concept of deep-sea diving was
not taken lightly by the dyed-in-the-wool “salvage” diving




Foreword

community. A dichotomy developed; the old school was re-
luctant to accept that the rules of thumb governing the life
of the surface-supported diver did not apply to the satura-
tion diving technique. This led to direct competition for fa-
cilities, divers, and the most necessary evil of all, funding.

With the successful completion of Sealab I, the salvage
diving industry began to recognize the true value of satura-
tion techniques. Besides increasing the amount of meaning-
ful work one could expect from a diving team, such tech-
niques had a favorable ratio of work accomplished to cost
incurred. With this added stimulus, many large diving com-
panies began to develop operational saturation systems for
open-water use.

By 1970, one of the major diving companies completed
its first 1,000-feet-of-seawater simulated dive in its new
state-of-the-art, deep-diving complex. During the press con-
ference that followed, the leading Navy engineer asked,
“Hey, Doc, how do you like a diving complex that was de-
signed and built by real engineers rather than you medical
guys?” The only answer I could come up with represented
my true feelings: “It’s easy when the road has been paved.”

If it were not for the development of saturation diving,
the offshore petroleum industry as we know it would not
have been feasible. Saturation diving using a personnel
transfer capsule and a deck decompression chamber opened
up the oil fields of the continental shelf for exploration and
exploitation. The National Oceanic and Atmospheric Ad-
ministration (NOAA) has accomplished fisheries studies,
oceanography programs, marine engineering projects, and
marine biology research using saturation diving systems.
NOAA has credited this diving technique with making it
possible “for scientists to live and work on the ocean floor
for virtually unlimited time, allowing a nine-hour day of re-
search before returning to the habitat.”

Through his work and perseverance, dedication and

Foreword xi

leadership, Dr. Bond held the torch that lit the way for oth-
ers to follow. I am proud to say Papa Topside was an advo-
cate for all Navy divers, was my coworker, and above all, was
my friend.

Walt Mazzone
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Introduction

In the 1960s, an elite group of U.S. Navy deep-sea divers
tested the startling theory that humans could live on the bot-
tom of the sea. Under the leadership of Navy Capt. George
Foote Bond, these first “aquanauts” volunteered for a series
of experiments that progressed from a land-based subma-
rine escape training tank to Sealab, a sophisticated habitat
deep on the ocean floor. Captain Bond described his aqua-
nauts as “a special breed of men who depend—literally—
upon one another for their lives.” Flamboyant, arrogant,
intensely competitive, these special men brought their
unique skills and long diving experience to the two success-
ful Sealab experiments in a display of camaraderie and cour-
age that belied the ever-present risk of failure and inevitable
death,

Captain Bond recorded these events during his watch as
principal investigator of the undersea living experiments. I
edited his personal chronicles and papers to present this
profile of the man as reflected by his leading role in the Sea-
labs. For one exciting decade, the best divers in the U.S.
Navy routinely volunteered for assignments under “Papa
Topside,” a name affectionately bestowed upon Bond and
one that delighted him. :

This book honors that “special breed”—our aquanauts
—and those who watched over them topside.

Helen Siitert
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An Assyrian frieze shows men swimming with
inflated animal skins strapped to their torsos
for use as air tanks or flotation devices.

In the I/jad, Homer describes the military use
of divers in the Trojan War.

Aristotle, Greek philosopher, obsetves in
Problemata that ancient sponge divers used
containers of trapped air to extend diving time.

Alexander the Great is said to have descended
in a diving bell to observe his diving warriors
destroy the underwater defenses of the be-
sieged island of Tyre.

Greek laws are passed regulating those who
dive for sunken treasure.

Pliny the Elder, Roman naturalist, refers to a
breathing tube in his encyclopedia of natural
science, Historia naturalis. Ancient warriots
drew air through a tube inserted in their
mouths while the other end floated on the sur-
face, an early version of the snorkle.

Japanese and Korean women, the ama divers,
are trained from early adolescence to dive for
pearls without apparatus-or diving dress. (In
the twentieth century, the ama dive mainly for
food.)

Roger Bacon alludes to “instruments whereby
men can walk on sea or river beds without
danger to themselves.”
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Leonardo da Vinci sketches an underwater
breathing apparatus that encases a diver’s head
in a leather bag with a breathing tube to the
surface.

Robert Boyle, British physicist and chemist, in-
vents the vacuum pump and uses it in the dis-
covery of Boyle’s law, which states that the
pressure and volume of a gas are inversely pro-
portional to one another. Thus, bubbles of
gas dissolved in human body tissues become
smaller under pressure at depth and expand as
the diver returns to sea level.

Capt. William Phipps, American adventurer,
locates and retrieves 52,000 pounds of gold
and silver from a sunken galleon in a salvage
operation backed in part by British royalty.
Phipps is knighted and later appointed gover-
nor of Massachusetts.

Dr. Denis Papin, French physicist and pioneer
in the development of the steam engine, sug-
gests pumping a continuous supply of fresh air
to a diving bell to extend the duration of a dive.
This revolutionary concept .evolves into stan-
dard equipment for the deep-sea diver: a hel-
met (hard hat) connected by a hose to an air
pump on the surface,

Edmund Halley, the English astronomer, in-
vents one of the most famous diving bells. A
weighted barrel is hauled down by ropes to
supply fresh air to the diving bell. Halley and
four others remain at 60 feet under the River
Thames for almost 1% hours. Twenty-six years
later Halley spends more than 4 hours at a
depth of 64 feet.
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John Lethbridge develops a completely en-
closed one-man diving dress: a reinforced,
covered barrel of air equipped with a glass
porthole for viewing and having two armholes
with watertight sleeves. It was intended only
for depths shallower than 10 feet.

David Bushnell designs Turtle, a small, wooden
submarine manually operated by cranks at-
tached to screw-type propellers. During the
American Revolution, Turtle’s crew planted ex-
plosives beneath the British fleet.

Frederic Von Drieberg devises a system in
which air is pumped from the surface to a large
cannister on a diver’s back. Air is delivered to a
mouthpiece by the continual nodding of the
diver’s head.

Augustus Siebe devises an open-dress diving
suit in which a metal helmet has an extension
in the form of a shoulder plate that attaches to
a leather jacket. The helmet, acting as a minia-
ture diving bell, is fitted with an air inlet valve
connected to a flexible hose that leads to an air
pump. The air is expelled at the bottom of the
diver’s jacket. Many improvements, including
closed suits and telephone connections to the
helmets, are made to this dress over the years,
but the basic design remains in universal use.

John and Charles Deane market Deane’s Pat-
ent Diving Dress— a helmet and heavy suit for
shallow watet. Eight years later they publish
the first diving manual.

Benoit Rouquayrol and Auguste Denayrouze
design a self-contained breathing apparatus
using compressed air in an open circuit (the

Xix
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spent air is forced out). The system stores a
small amount of compressed air on a diver’s
back, so that the diver can disconnect the air
hose to the surface and move freely on the
ocean floor for a short time. A regulator con-
trols the flow of air to the diver’s mouth. This
equipment is immortalized by Jules Verne in
his classic Twenty Thousand Leagues Under the
Sea.

Commercial production of air cylinders with
regulators begins.

Paul Bert, French physiologist, discovers the
cause of decompression sickness (bends) in
tunnel workers and deep-sea divers. Bert at-
tributes this painful and sometimes fatal dis-
ease to the sudden change in gas volume when
the human body goes from high pressure at
depth to sea-level pressure on the surface with-
out giving the body time to eliminate excess
gases. Bert advocates recompression (return to

the working depth or lower) for victims of the
bends.

Henry Fleuss develops a high-pressure bottle
of oxygen with a demand regulator, Exhaled
oxygen is recirculated through rope soaked in
caustic soda, which absorbs the carbon diox-

ide and purifies the gas to be rebreathed
(closed circuit).

The first recompression chamber to simulate
rise and fall in air pressure is installed on site to
treat laborers stricken with the bends while

working on the Hudson River Tube in New
York City, at a depth of about 90 feet.

Robert H. Davis assembles the original sub-
marine escape apparatus, consisting of a

1905

1915

1917

1920

1924

The Evolution of Diving

breathing bag, relief valve, carbon dioxide—
absorbent canister, emergency oxygen capsule,
main oxygen cylinder and valve, nonreturn
valve and flexible tube for charging the breath-
ing bag, and a tube leading to the mouthpiece.

John Scott Haldane, British scientist, expands
the understanding of the action of gases under
pressure. He devises a stage decompression
technique that requires the diver to stop rising
every 10 feet for a period of time determined
by the depth and length of the dive. The length
of time required for each stop, or stage, is
listed in predetermined decompression tables
for safe ascent.

The U.S. Navy Mark V heavyweight diving
outfit features a telephone and improved ex-
haust valve. Both the Mark V and the British
Admiralty six-bolt pattern diving dress are
used in commercial projects.

Robert H. Davis develops the concept of using
diving bell chambers to rescue crew from dis-
abled submarines.

In the United States, Elihu Thomson proposes
that helium, an inert and extremely light gas,
be used instead of nitrogen in underwater
breathing mixtures.

Joseph Peress builds a diving suit of stainless
steel, the Iron Man, which weighs about 800
pounds and functions as a personal submarine.
The suit is used in 1935 to help locate the
Lusitania, sunk off Ireland.

The U.S. Navy’s Bureau of Construction and
Repair, responsible for Navy diving opera-
tions, tries to solve problems caused by com-
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pressed air diving by joining with the U.S. Bu-
reau of Mines to conduct experiments with
helium as the main gas in artificial breathing
mixtures.

U.S. Navy divers descend to 150 feet using a
breathing mixture of helium and oxygen.

The first U.S. Navy diving manual is pub-
lished, with decompression tables to 250 feet.

Robert H. Davis develops a decompression
chamber that is lowered to the bottom from a
surface support ship. The diver exits to work
on the ocean bottom and reenters the chamber
through a lower hatch. An attendant assists in
removing the diver’s helmet. The chamber is
raised to the deck of the support ship, and the
diver breathes oxygen from special apparatus
during the long decompression stages. This
technique is used to construct the harbor at
Dover, England, and in laying bridge founda-
tions.

Comdr, Charles B. Momsen develops the sub-
marine escape lung used by the U.S. Navy,

U.S. Navy divers go to a depth of 364 feet

using a breathing mixture of helium and 0xy-
gen (heliox).

Jack Browne develops a lightweight, "air-
supplied mask for shallow-water diving. The
full face mask has an air supply valve and an
exhaust valve.

Yves Le Prieur markets a commercial type of
self-contained, underwater breathing appa-
ratus (scuba) with a manual control valve that
provides up to 10 minutes of air at 40 feet and
up to 30 minutes at 20 feet.

1937
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Auguste Piccard constructs the first bathy-
scaphe, a marine application of his free strat-
ospheric balloon with a tightly sealed cabin.

The U.S. submarine Sgualus sinks at 239 feet
off New England. Thirty-three crewmen are
rescued in the McCann submarine rescue
chamber, a diving bell constructed to lock
with the submarine,

Although the first of 640 salvage dives are
made with compressed air, most of the dives
are made with helium-oxygen mixes. The tech-
nique of helium-oxygen diving proves to be far
superior to compressed-air breathing for deep
diving operations. The Navy establishes 380
feet as the new operational limit for 30 minutes
of hard-hat diving on the bottom.

Capt. Jacques Cousteau and Emile Gagnan de-
velop the Aqualung and provide the break-
through for open-circuit scuba by using a fully
automatic compressed-air regulator,

The U.S. Navy’s Experimental Diving Unit
and School for Deep Sea Divers work out a
continuous progression of decompression ta-
bles. Although dives to 561 feet are successful,
the decompression penalty reaches a ratio of
2 hours’ decompression for 1 minute on the
bottom.

Comdr. George E Bond, USN, in conducting
research in individual submarine escape, es-
tablishes a record for buoyant ascent (no
breathing apparatus) in the open sea from a
submarine bottomed at 322 feet.

U.S. Navy diving scientists George E Bond,
Robert D. Workman, and Walter F Mazzone
begin the experiments called Genesis in the
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Naval Medical Research Laboratory in New
London, Connecticut. Bond tests the satura-
tion theoty, which proposes that after 24 hours
under pressure at a given depth, the tissues of
the diver’s body will have a gas saturation
equal to the surrounding atmosphere. Once
saturated, the diver’s decompression can be
based on depth rather than duration of the
dive. Thus, a diver saturated to 300 feet would
need the same decompression time (about two
and a half days) whether the stay was one day
or one month.

Jacques Piccard, son of the inventor Auguste
Piccard, and Lt. Don Walsh, USN, dive in the
bathyscaphe Tieste to 35,800 feet in the Mar-
ianas Trench, deepest point known in the
ocean.

Hannes Keller, Swiss mathematician, dives to
700 feet in the Navy Experimental Diving Unit
chamber breathing a mixture of inert gases.
Two years later, Keller descends to 1,000 feet in
the open ocean off Catalina Island, California.
Although two lives are lost in the dive, Keller
accomplishes his goal, proving that humans
can dive to incredible depths in the open
ocean.

Edwin Link’s experiment in saturated diving
begins with Belgian diver Robert Stenuit
breathing helium-oxygen in a small recom-
pression chamber for 25 hours at 200 feet in
the Bay of Villefranche. Using a breathing
tube, Stenuit exits the capsule for a short time.
His decompression is completed successfully.

Jacques Cousteau launches Conshelf I with
Albert Falco and Claude Wesley breathing

1963

1964

The Evolution of Diving

nitrogen-oxygen for seven days at 35 feet of
depth off Marseilles. The divers work a few
hours a day at 85 feet, demonstrating that tasks
can be accomplished at depth.

The USS Thresher sinks with all hands lost in
deep water far beyond the reach of the Navy’s
salvage capability The Deep Submergence
Systems Review Group is appointed to deter-
mine the Navy’s capability to rescue sailors
from disabled submarines and to locate and re-
trieve large objects lost in the deep ocean.

Jacques Cousteau expands his underwater ex-
periments with Conshelf IT and puts seven
men in the Red Sea. Five divers live at 32 feet in
the main unit, Starfish House, for a month,
and two divers live in Deep Cabin at 82 feet for
a week, making excursion dives to depths be-
low 330 feet. A prime goal is to test a divet’s
efficiency when working extended hours from
a pressurized habitat. The French oceanauts
also demonstrate that a saturated diver can de-
scend to a lower depth for a reasonable period
and return without difficulty.

Edwin Link and Dr. Christian Lambertsen
send Robert Stenuit and Jon Lindbergh down
for two days at 432 feet off the Bahamas. After
the divers complete their assigned tasks, they
surface in their submersible decompression
chamber, which couples to a large recompres-
sion chamber on the deck of the support ship.
The divers transfer to the deck unit, where
they decompress safely for nearly four days.

The U.S. Navy approves a five-year program to

achieve deep ocean capability. Capt. George
Bond and his coinvestigator, Capt. Walter E
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Mazzone, coordinate Sealab I and send four
Navy divers down for eleven days at around
193 feet off Bermuda. The aquanauts breathe
a heliox mixture and demonstrate that no
short-term physiological damage occurs from
the extended dive and short decompression.

A hooded life jacket developed by Lt. H. E.
Steinke, and tested by Steinke and Comdr.
Walter Mazzone in open-sea ascents, is adopted
as standard apparatus for submarine escape.

Prior to June 1965, efficient decompression ta-
bles were not available for helium mixtures in
scuba diving. Under the supervision of Capt.
Robert D. Workman, MC, USN, tables are de-
veloped over a period of years and tested in
open-sea trials. Prior to the trials, sixty indoc-
trination dives are made by the Navy’s Atlantic
and Pacific diving fleets. The introduction of
new diving tables is completely successful.

Capt. George Bond, principal investigator, and
Capt. Walter Mazzone divide twenty-eight di-
vers into three teams that spend fifteen to
thirty days at 205 feet in Sealab II off La Jolla,
California. Astronaut—aquanaut Scott Car-
penter serves as team leader for two shifts, and
Master Diver Robert C. Sheats leads the third

shift. Extensive physiological data are col- -

lected from the aquanauts, and complex job
assignments are performed on the bottom.

Simultaneously, in Conshelf III, Jacques Cou-
steau puts six divers for twenty-two days at 328
feet off Monaco in the Mediterranean. The
goal is to prove that divers can perform diffi-

cult maintenance tasks over a petiod of time at
that depth.

1970s

1979

1980s
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Tektite I (1969) is sponsored by the U.S. Navy,
Department of the Interior, and National
Aeronautics and Space Agency (NASA). Four
divers submerge for sixty days in 40 feet of wa-
ter off St. John, U.S. Virgin Islands. Extensive
biological studies produce a wealth of scien-
tific data, and behavioral studies prepare for
future journeys into space. After sixty days’
submergence, the aquanauts decompress for
19 houts on a support barge.

In Tektite II, eleven successive five-person

teams spend fourteen to twenty days at 50 feet

off St. John. One all-female team of scientists,

led by Dr. Sylvia A. Earle, prepares the way for

women in space.

In AEGIR, sponsored by the National Oceanic

and Atmospheric Administration (NOAA), six

aquanauts stay for six days at 520 feet off
Hawaii.

Graham S. Hawkes, engineer, designs the JIM
suit, a one-man atmosphere diving system
(OMADS). The JIM suit is named after Jim
Jarratt, the original wearer of the Iron Man ar-
mored suit. It is lowered on a tethered line
from a ship or platform using a winch and
cable.

Dr. Sylvia A. Earle, oceanographer, walks for
21 hours at 1,250 feet on the ocean floor off
Oahu, Hawaii, wearing a JIM suit, establishing
a record for the world’s deepest untethered dive.
Graham S. Hawkes pilots the one-person sub-
metsible Deep Rover to 3,000 feet, a world’s
solo dive record.

In the U.S. Navy, researchers achieve voice rec-
ognition in diver-to-surface communications
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This chronology is based in part on an outline developed by -
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using helium unscramblers from 1,800 feet in
depth.

Solid-state video cameras, hand-held or
mounted on the diver’s helmet, provide broad-
cast-quality color images of the underwater
site to topside viewers who monitor the diver.

Arctic climate diving is made tolerable by
wearing suits designed to circulate heated wa-
ter over the body through capillary lines, while
a small heat exchanger warms the gas the diver
is breathing.

A need reiterated by Capt. George Bond dur-
ing the Sealab experiments is met with devel-
opment of a device to track a free-swimming
diver and to precisely locate objects on the
ocean floor. The diver wears or positions an
electronic pinger-receiver, which ties into a
long-range navigation (LORAN) system. A
flashing light indicates the latitude and longi-
tude of the diver/object on a grid pattern.

In the U.S. Navy Experimental Diving Unit’s
hyperbaric chamber at Panama City Beach,
Florida, a computer monitors the percentages
of oxygen inhaled and carbon dioxide exhaled
by a diver in a breath-by-breath analysis. The
diver’s core temperature is also tracked.

The Museum of Man in the Sea, 17314 Back Beach Road,
Panama City Beach, Florida. The sequence is illustrated by
Paul Grandinetti in a series of original watercolors on per-
manent display in the museum through the courtesy of Bat-
telle Laboratories, Columbus, Ohio.

Lapa ‘lopside



Prologue

After six long years of scientific research in my lab at the
U.S. Naval Submarine Base in New Haven, Connecticut, [
was still regarded by many as a rank newcomer to deep-sea
diving medicine. In retrospect, our first underwater experi-
ments with deep-sea divers might never have progressed to
the Sealab projects if it had not been for sudden recognition
of the Navy’s need to extend its diving depth. But when the
USS Thresher, the Navy'’s lead nuclear attack submarine,
and her crew of over one hundred men and seventeen civil-
ian observers were lost on 9 April 1963, outraged Americans
demanded that the Navy provide a way to rescue the coura-
geous men serving in our nuclear submarine fleet.

I was in my office at the sub base that tragic day in April
when my phone rang. It was Comdr. Bill Rothamel, execu-
tive officer, with a terse message that sent a chill pulsing
through me.

“George, Thresher is reported missing and may be sunk.
Hold your best divers aboard. We may get a chance to res-
cue those men,”

I assembled our diving tank instructors and told them to
stand by for an emergency We held desperately to the hope
that Thresher had landed on the continental shelf, giving us a
marginal chance for rescue operations. But we soon learned
that the sub had sunk far below the crush depth of her hull
and the survival limit of her crew. All persons aboard, many
of them old friends and shipmates, were lost. My wife, Mar-
jorie, who shared these friendships and cherished memories
with me, immediately called to offer whatever comfort she
could. There was nothing anyone could do at that point ex-
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cept grieve for the dead and honor them.

Official reaction in the top echelon was immediate, As the
Board of Inquiry convened, Secretary of the Navy Fred
Korth ordered Rear Adm. E. C, Stephan to assemble a
group of undersea experts to form a committee with almost
limitless powers. Its mission was to call on the best minds
and physical resources of our nation to establish directives
for development of undersea and surface SUpport systems to
prevent, or at least recover from, any future disaster compa-
rable to that which befell the Thresper. Edwin A. Link, the
American aviation electronics pioneer and inventor, was a
key member of the committee, for as Admiral Stephan
noted, “If you get Ed Link, then the others will fall in
behind.”

After nearly eight months of review, this committee, en-
titled the Deep Submergence Systems Review Group
(DSSRG), recommended that a five-year program be initi-
ated in the Navy to tackle deep-sea salvage of large objects,
recovery of submarine personnel, and extension of diving
operations to include useful work from an undersea habitat.
The last aspect would be called the Man-in-the-Sea
program.

Parts began to fall into place when the Office of Naval
Research (ONR) became interested in my proposal to con-
duct sea trials of the results of our laboratory research on
the human capability to live and work on the ocean floor.
Our project would fit into the new Man-in-the-Sea prograin
and would also fill an acute need for exploitation of the basic
physiological studies that made long-duration deep diving
possible—almost all of which had been done under U.S.
Navy sponsorship. It was somewhat ironic that the Navy had
made no effort to apply this research to the ocean and, in-
deed, seemed to have been left at the post by the energetic,
well-publicized efforts of my friends Jacques Cousteau and
Ed Link. I must note that while sharp competition existed
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amongst our three separate groups, we freely exchanged in-
formation and scientific data.

Who was I to share scientific data with the legendary
Cousteau? We first met in New York, backstage at Town
Hall at an international seminar on undersea activities when
I'was just starting our medical research project in diving. We
talked our way from the speakers’ platform to the apartment
of Cousteau’s good friend, writer James Dugan and his wife
Ruth, where we all sat and talked until sunrise. Cousteau
was looking for a safe and practical way to keep divers sub-
merged for an extended period without paying the high
penalty of time spent in decompression. I told Jacques about
my first experiments to test the saturation diving theory and
we agreed to stay in touch.

It was obvious to all of us engaged in the development of
deep-diving techniques that it would be to a diver’s great
advantage to remain on the bottom long enough to complete
any work at depth. I proposed that decompression time in-
creases with depth and duration of the dive up to the point
where the diver’s blood and tissues have absorbed all the gas
they can hold at that depth. At this saturation point, the time
required for decompression remains fixed, and the diver
could work at that depth, if given a shelter to retreat to, for
months instead of minutes.

At that time, conventional Navy diving practices called for
the diver to descend from the surface to a working depth of
perhaps 190 feet for a period of 30 minutes, and then return
to the surface to spend more than an hour in a decompres-
sion chamber. This procedure was satisfactory for brief,
shallow bottom stays with short periods of work but was
totally inadequate for exploration of the continental shelves,
which slope to about 600 feet.

We proposed that the undersea worker be provided with
a sea-floor house pressurized to ambient pressure and filled
with a gas mixture suitable for breathing. From this habitat,
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the diver could exit directly into the ocean for many hours
of useful work and then return to the safety and comfort of
the underwater house, Since the diver would experience no
significant change in pressure between the habitat and the
sea floor, there would be no decompression penalty for
these excursions. Instead, the decompression of the satu-
rated diver could be accomplished all at one time when the
work was finished and the diver returned to the surface.
This concept, if it worked, seemed to offer the needed
breakthrough in manned undersea venture.

After years of struggle to obtain the necessary support,
my coinvestigator, Comdr. Walter Mazzone, and I had
shown that there was no evidence of health damage in ani-
mals exposed to a depth of 200 feet for twelve days while
breathing a helium-oxygen mixture. We were then allowed
to conduct physiological and psychological tests in simu-
lated conditions on U.S. Navy divers. Our tests showed that
after 24 hours at any depth of water, a diver becomes wholly
saturated with the gases that make decompression necessary
and the decompression penalty can be paid in one single lin-
ear ascent. We dubbed this project Genesis and determined
to conduct our work in an orderly, carefully documented,
scientific manner that would progress to our goal of placing
men and women on the ocean floor to live and work freely.

Ed Link’s expertise attracted funding from various
sources that made him one of the first to launch a human in
an underwater living test in the open sea. In September
1962, under Link’s watchful eye, the Belgian diver Robert
Stenuit reclined in a small recompression chamber and was
lowered to a depth of 200 feet in the Bay of Villefranche,
France. Stenuit breathed a helium mixture and exited for
several dives, using a breathing tube, before his 25-hour ex-
periment was over.

Meanwhile, Jacques Cousteau was conducting his first un-
derwater tests in saturation diving by placing his long-time
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colleagues Albert Falco and Claude Wesley at a depth of 35
feet in the Mediterranean off the coast of Marseilles. They
lived for one one week in an underwater house, exiting
through a hatch in the bottom and descending to 85 feet to
perform simple tasks. Compressed air was used in this test
and although the men experienced some discomfort, they
reported no ill effects. Less than a year later, for Conshelf 11,
Cousteau planned an underwater colony off the Sudanese
coast in the Red Sea. Five oceanauts lived for a month at 32
feet in depth, and two men went even deeper for a week.
Cousteau wrote in The Ocean World (New York, 1979),
“Soon the men living in the Conshelf station realized there
were subtle effects of the pressure. Beard growth was re-
tarded. Small cuts and abrasions healed much faster than
similar injuries suffered by our divers living on the surface.”
Toward the end of the month, one French oceanaut noted in
his diary that he was just beginning to be aware of the pass-
ing of time. “I feel I may rise to the surface next week, with-
out having seen and experienced absolutely everything,” he
lamented. This urgent concern to explore the vast richness
of the undersea world was to be voiced by many oceanauts
and aquanauts in the months to come.

Link then fabricated SPID (submersible, portable, inflat-
able dwelling) and submerged Robert Stenuit and Jon Lind-
bergh in it for two days at 432 feet in the Bahamas. On the
last day of June 1964, the two young men descended in the
submersible decompression chamber that served as an un-
derwater elevator to the SPID and 49 hours later emerged, as
Link put it, “home safe.” This was a remarkable advance, as
no one could be positive of the effect of sustained pressure
of 200 pounds on every square inch of the human body:.

Three weeks later, our four Sealab aquanauts, Bob
Thompson, Tiger Manning, Bob Barth, and Andy Ander-
son, stayed for eleven days at around 193 feet off Bermuda.
The aquanauts achieved all our experimental objectives, did
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some useful work, and dramatically advanced the potential
of human beings to live and work on the ocean bottom.

In 1965, we progressed to Sealab II, where twenty-eight
of our aquanauts, divided into three teams, remained for fif-
teen to thirty days at 205 feet. The teams accomplished a
wide range of salvage and undersea construction tasks at
depth, with no significant short-term physiological changes
recorded. Simultaneously, in Cousteau’s Conshelf ITI, six
oceanauts, living at 328 feet off Monaco in the Mediterra-
nean, ruefully concluded that “machines fail more often
than men.”

These events opened up a chapter of diving advance-
ments during a very short span of time. The need to advance
from the old plateau of around 200 feet in diving capability
might be reckoned from the launching of our first nuclear-
powered attack submarine in 1955. The USS Nautilus, under
Comdr. Eugene P Wilkinson, operated routinely at a depth
far below our rescue capability. This challenge was not fully
met until after 1963, when the Thresher’s fate compelled the
Navy to provide technological support for deep-sea search,
rescue, and salvage. Dr. Robert Workman, Navy physiologist
working with the Experimental Diving Unit, Walt Mazzone
(my coinvestigator), and I suddenly found our Sealab proj-
ect on the priority list. A new age of exploration had arrived
and we stood on the frontier.

A Submariner
(1953-1957)

When Walt and I scheduled our visit to the team of aqua-
nauts living in the Sealab II habitat early in October 1965,
we knew it would be our last dive to the Sealab II site. It
might well be our last dive together to any Sealab site, since
the next stage of the project would be going deeper, and we
were growing older. I felt that this trip had a special signifi-
cance—not as a farewell to diving, but as a last look at a
scene I had come to hate and cherish with equal intensity.
That day I would learn to fear it as well.

Walt and I agreed that when we reached the sea floor we
would not enter Sealab II, moored on the bottom, but
would just stick our heads up into the entrance hatch, shoot
the breeze with our aquanauts, then duck down for a lei-
surely inspection of the Sealab II hull, take a few photos,
and make a slow return to the world of sun.

Early in the afternoon, Walt and I were helped into our
wet suits and diving gear: double tanks of 75-25 helium-
oxygen mix, weights, knives, compasses, watches, cameras,
and a buddy line. We flapped awkwardly to the diving sta-
tion and rolled off to swim to our diving bell, scheduled to
take us to within 4 fathoms of the Sealab II habitat. Inside
the bell, we checked our gear and passed the word to lower
away.

With the whine of the lowering cable, Walt and I dropped
quickly through the upper, lucid layers of the Pacific. We
saw schools of anchovies, and other unnamed fish hordes,
which approached and even appeared to attack our open
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bell, only to disappear from sight as we lowered into the
black, colder void below. In less than 2 minutes, we had
reached 180 feet, and the free ride was over. A long scan of
the underwater scene revealed a dim light below, at an azi-
muth unknown to either of us. It had to be Sealab II, but
which end or which side we did not know. Walt nodded to
me and I responded with a thumb down. We started our free
dive downward, independent of the descending line, which
was fouled on an object far above us.

Down, straight down we swam, suddenly aware of the
syncopation of our fin-beats and exhalation sounds, so loud
in the silent, black world. About 2 fathoms off the ocean
floor, we suddenly broke free of the murky cloud through
which we had been descending. Below us, the bottom was
free of all turbidity. Visibility jumped from inches to many
feet, and Sealab stood clear in its entirety. Light seemed to
emanate from the ocean bottom, while above us all was
black. On a mutual impulse, Walt and I rolled on our backs
to stare up at the world from which we had come. It did not
exist; only a forbidding black curtain lay above. Only below
was there light and safety. Surely this was our refuge, and
our home. Suddenly we stared at one another, each reading
the identical thoughts of the other, disoriented in space,
time, and philosophy. This, we recognized for the first time,
must be the “breakaway phenomenon” of undersea exis-
tence, a profound revelation for the divers, a frightening
challenge to the topside watch-standers.

The spell was abruptly broken by a sharp pressure on my
right arm. I spun about to face one of the aquanauts, sent
out to save us from wandering past the security of the Sealab
vicinity and the limited range of our compressed breathing
mixture. We swam slowly to the shark cage, guided by our
guardian aquanauts, to whom this part of the continental
shelf was a familiar front yard. Graciously sweeping aside
the poisonous scorpion fish from the steps, these undersea
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experts and friends brought us to the only safe area of
2 square feet for miles around—the entrance hatch to Sea-
lab II.

Thrusting our heads through the Alice’s Looking Glass of
the undersea habitat, we were greeted by a ring of friendly
faces at the periphery of the hatch. At the moment, I could
not help but reflect that all aquanauts have countenances,
rather than faces. We exchanged banalities, the undersea
veterans suppressing laughter at our squeaky voices, which
sounded like Donald Duck in the helium atmosphere to
which we were unadapted. A word or two, a handshake all
around, and we were ready, with our limited gas supply, to
return to the refuge of our diving bell—followed by nearly
90 minutes of decompression to pay for our brief visit to
such a depth.

According to our prearranged plan, Walt and I were to
part company briefly for individual photography; then meet
in our diving bell, I was to swim along one side of Sealab II,
while he covered the other. After one sweep, approaching
the shark cage, I spotted a nylon line that angled toward the
blackness above. I concluded that this line had been rigged
by an aquanaut as a guide to the diving bell. Blindly, I began
an ascent along my lifeline, confident that a few fathoms
above I would find refuge and a breathing supply to replace
the dwindling gas in my bottle.

I found neither. As I ascended the line, no diving bell
came into sight; for that matter, nothing was in sight, since I
had again penetrated the black cloud. Venting of my middle
ears and common sense told me that I had ascended several
atmospheres—far above the level of the bell. Now my
breathing gas was nearly gone, and might not last if I tried to
retrace my route. However, I started back down the line,
convinced that my gas and, finally, my luck had simultane-
ously run out.

As I broke through the black strata of water, an unseen
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hand seized my flipper and another took my arm. A lateral
tow of 10 yards, an upward thrust, and I swam the last
fathom to the diving bell and safety. Walt was waiting and
anxious. We started our ascent immediately as I tried to ex-
plain my inexcusable blunder. Then I lapsed into silence
while we completed the oxygen phase of our decompres-
sion. Topside, Walt and I undressed, showered, and ate in
introspective silence, then took our watch stations. About
an hour later, Walt came over the intercom: “That was one
weird run and you’re one lucky diver, George!”

It was a strange and wonderful day. Only now does it oc-
cur to me that I made no gesture of thanks to the aquanaut
who saved my life, and I never found out who it was that
guided me to safety. In my heart, I know that the whole
damned team did!

There was little in my medical training or experience
prior to my career in the Navy to prepare me for underwater
exploits. My practice of medicine was centered in Bat Cave,
North Carolina, a small community midway down Hickory
Nut Gorge in the Blue Ridge Mountains. In 1946, Bat Cave
numbered about 170 souls—give or take a dozen; there
were thousands more tucked about in the quiet pockets of
the Blue Ridge. My goal was to establish a rural medical
practice and, eventually, to build a hospital.

As a boy, I had explored the fascinating rock faults found
in the Bat Cave area. The interior of the cave is evenly tem-
pered in all seasons by an underground river that we could
hear but never reach. For a few months each year, the cavern
quarters a horde of bats that migrate from the Black Forest
of Germany. Their presence was not generally appreciated
by the local community. They knew that a cave full of bats
was up there on the side of Blue Rock Mountain, but few
actually climbed up to verify the fact.

As a youngster, I was welcomed into the remote cabins
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around Bat Cave through our family’s close ties with Uncle
Beaufort Heydock, who tended the animals on our newly
purchased Chestnut Gap farm. I often listened to the be-
guiling legends and lilting folk songs preserved down the
generations in the Scots-English lineage of many of the
North Carolina mountain settlers. I knew the surrounding
hill country. The gorge and Rocky Broad River had been my
favorite camping area for many years. As an overgrown ado-
lescent, I had spent solitary summer weekends camping in
Posey’s Cave, far up Broad River. I used local personalities
as a resource for my master’s degree thesis on speech pat-
terns of the people of Appalachia. Yet when I returned in
1946, I sensed that I 'was a stranger to the people. The differ-
ence between being a student philologist and a practicing
physician was considerable.

I had entered a premedical program at the University of
Florida at Gainesville, then stayed on to earn a graduate de-
gree in philology, with the possibility in mind of obtaining a
Ph.D. so I could teach my way through medical school. Al-
though I missed this goal by a short margin, I did get my
master’s degree in language and English literature. I was
lucky enough along the way to marry a wonderful girl, Mar-
jorie Barrineau, and we left, finally, for McGill School of
Medicine in Montreal, Canada, where I was accepted in
1941,

Immediately after Pear]l Harbor, I applied for a reserve
commission in the Medical Administration Corps, U.S.
Army. This commission was awarded in March 1942. As a
medical student, I was then assigned to Ready Reserve, sub-
ject to active-duty call on fifteen days’ notice, and allowed to
continue my medical education.

In my first year of medical school, I found I had been too
long away from the basic sciences and had to repeat much of
this work to rise to an acceptable level of competence. The
next year, following the birth of our daughter Abigail, I en-

11




12

Papa Topside

tered Montreal’s Homeopathic Hospital as a student intern
and began to learn something about medicine and surgery.
Although Thad to cut classes frequently to meet my ongoing
commitments at the hospital and to teach a course in En-
glish literature, my grades gradually improved. The daily ex-
posure to clinical medicine at Homeopathic made up for the
lapses in classroom instruction. I learned that every good
physician is a teacher at heart and will take time to pass along
improvised techniques to an aspiring general practitioner.

In May of 1945, I completed my rigorous final examina-
tion at McGill with creditable grades and went on to North
Carolina, where I started a rotating internship at Charlotte
Memorial Hospital. Meanwhile, a son named George be-
came a welcome addition to our family. As a freshman in-
tern, one of the five available to assist with treatment of more
than five hundred patients, I learned at once the routine of a
regular 18-hour day, which frequently grew to 20 hours or
more. My days and nights at Homeopathic stood in good
stead as chronic fatigue became a way of life. Charlotte Me-
morial was a relatively new five hundred—bed hospital, over-
loaded with patients and critically undermanned by profes-
sional staff. To compound the strain, we had inherited from
nearby counties about 150 youngsters severely ill with acute
poliomyelitis. I became so caught up in my duties that pend-
ing military obligations were forgotten.

The Pentagon did not suffer such a memory lapse,
however, In February 1946, I received an official letter ac-
knowledging that I was now a medical school graduate and,
therefore, a candidate for a commission as first lieutenant,
Medical Corps, to replace my present status as second lieu-
tenant, Medical Administrative Corps. I was further or-
dered to report to Fort Jackson, South Carolina, for physical
examination. In deference to the authoritarian tone of the
letter, T reported to that Army post.

Over the years, I had sustained a skull fracture, a herni-
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ated disc in my back, and a collapsed left lung. Although
these events had occurred during my tenure as a medical
student and Army Reserve officer, I had not reported them
to higher military authority. This oversight was quickly un-
covered at Fort Jackson, when my medical history was re-
vealed. In May came a shocking letter from the Secretary of
the Army that acknowledged my new professional status and
tendered a firm commission in the Medical Corps, subject to
my signature on a document of waiver of physical disabilities.

With utter disbelief, I read the conditions of this waiver:
“This officer, upon acceptance of the enclosed commission,
agrees to waive any and all conditions of the head, chest, or
back, for the purposes of subsequent claims of medical dis-
ability.” This struck me as unfair. Under these conditions, I
could only claim a line-of-duty medical disability if I shot
myself in the foot or otherwise became maimed below the
navel. I returned the commission and waiver unsigned, de-
clining the offer with a negative commentary. Somehow, I
could not feel unpatriotic, since V] Day had just been cele-
brated and the war was over. Three weeks later, I received an
official letter to the effect that, in the light of my negative
response, the commission had been withdrawn. With a sigh
of relief, I continued my hospital chores through May 1946
and made plans to start a country practice centered in Bat
Cave.

From my first day of practice, I devoted a disproportion-
ate amount of time and energy to house calls—though I pre-
ferred the term “family practice in the home.” To offer my
best under these circumstances, I carried with me, packed
securely in my war-surplus Jeep, a complete set of sterile sur-
gical and obstetrical drapes and instruments, plus a load of
drugs for dispensing to patients. In this fashion, I sought as
best I could to bring modern medical care into an eighteenth-
century home environment.

All the while, I knew full well that I was only marking
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time, although I dispensed a reasonably good grade of med-
icine at the meager facility I dared called the Valley Clinic. I
used the Hendersonville hospital, fifteen miles distant, for
all my major surgery and many first childbirths. But these
facilities were stopgaps at best. Home visits—which called
for almost 200 miles of day-and-night driving over nonexis-
tent roads, long hours in wait for difficult home deliveries,
and emergency surgical procedures performed under unbe-
lievably primitive conditions—were a large part of my prac-
tice. As the months passed, I fell into a routine of 18-hour
days, traveling too many leagues and practicing essentially
three separate grades of medicine: home visits, obstetrics,
and surgery. But if at first this pattern was distasteful, it was
educational beyond belief. Much as I was distressed by the
primitive conditions I found in the shacks, cabins, and
houses in my 400-square-mile territory, I developed an in-
delible picture of my patient-families. In that period of time,
I wore out two Jeeps, aged more than a little, and shame-
lessly neglected my burgeoning family, which by then in-
cluded a second daughter, Judy, and eventually the last child,
David.

One night in mid-January 1947, about a week after an in-
fluenza epidemic hit nearby cities, I saw my first case, in a
cabin on Rich Mountain. It was an unusually severe occur-
rence of Spanish influenza, in the midst of a large family.
Somehow, I missed the implication of this viral hazard. Rely-
ing on the basic isolation of mountain families, I thought—
naively—that the virus would not be dispersed. How wrong
I was! Mountain families tend to help one another, In the
course of neighborly assistance, germs are passed that can
grow into an epidemic, which is exactly what happened. The
moment of truth dispelled my complacency. I had grown to
love the pattern of the practice because I loved the people
and their way of life, and felt I could handle their health
needs. The influenza epidemic returned me to reality,
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As soon as I recognized the certainty and scope of the
epidemic, I closed the Valley Clinic and turned my Hender-
sonville hospital practice over to my city colleagues. I was
committed to a program of total home care. How long it
would last, I could not guess. I learned to do a great deal
with very little in the way of resources. As my supply of
fever-reducing capsules diminished, I searched the cup-
boards for Stanback powders or other home remedies for
fever. For the devastating coughs that developed with the
onslaught of the sickness, I ferreted out home supplies of
corn liquor and the juice of canned peaches. A combination
of the two, watered down and with the therapeutic addition
of codeine, worked quite well.

Even in moments of fatigue, chill, and despair, I felt a

strong reliance on the power of prayer. My patients invari- |

ably sensed this and almost always asked me to intercede in
this way. Such an ingredient is important in the healing pro-
cess, and I did not hesitate to use it liberally.

Before the epidemic ended, over nine hundred persons
were stricken. But I was only one physician dedicated to the
medical care of about six thousand people, widely scattered
over a large and rugged area. When the epidemic was finally
over, | realized that my routine of constant travel was clearly
not a solution to the health needs of my patients and, if I
continued, my life span might well be no longer than that of
my Jeep.

A few more weeks passed before I realized I did not feel
well and went home with a temperature of 103° E figuring I
had influenza. As the days wore on, I began to experience
symptoms that were not compatible with a diagnosis of in-
fluenza. A constant headache was a puzzle, as I had never
expetienced one before. There was a pain high up on my left
side. Marjorie called our friend Nick Fortescue and asked
him to make a house call.

After exploring the upper parts of my anatomy, Nick
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turned his attention to my abdomen. As he worked over the
left side of my belly, he grunted with amazement: “God-
damn it, George, you've got a spleen the size of a basketball!
You'll go to the hospital tomorrow.”

Next morning in Hendersonville, I submitted to the inevi-
table bloodletting and collection of body wastes. One at a
time, my colleagues came by to examine me. Obviously, not
one of them liked what they found, but they withheld diag-
nostic judgment until the lab reports were in. Since the lab
results were a focal point of diagnosis, I asked for an in-
terview with Lorraine Brooks, the X-ray technician. She
stopped by my room in the early evening, bringing her films
and the blood studies done eatlier in the day. The radio-
graphs cleatly showed a massive enlargement of the spleen
and of the glands midway in the chest. That was not news to
me, but the hematology report was a shock. My hemoglo-
bin, normally about 15 grams, was down to 11. My white cell
count was approaching 100,000, against a norm of 5,000. A
differential count showed most of the cells to be myelocytes.
The picture was crystal clear. T had myelogenous leukemia
and could look forward to a life span of about three months.

The next morning I was the subject of Medical Grand
Rounds. A dozen close friends on the staff gathered in my
room. Nick Fortescue began the dialogue: “Goddamn i,
George, you look about as ready to talk as you’ll ever be.
Want to hear us out?”

“I think not,” I replied. “The nausea, the glands, the
spleen, and now the blood. I don’t need to spell it out any
further. Acute myelogenous leukemia is a damn sight easier
to diagnose than mumps and has six fewer complications.”

Nick cleared his throat. “The final diagnosis is complete
only when a pathologist looks at your bone marrow and says,
‘That’s it!]” Then, and not before then, do we accept your
diagnosis. You know that as well as we do, George.” My col-
leagues were asking me to go to one of the university hospi-
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tals at the other end of the state for ultimate diagnosis and
perhaps a trial treatment,

“I can’t spare this time away from my family,” I said. “If
we’re right in this diagnosis, then a pathologist can confirm
our estimates at autopsy. If we’re wrong, I'll survive. In ei-
ther case, I need time with my family. Please release me to-
day to go home.” The next day I was transported from the
hospital to my bed in the log cabin on the hill. T did not
expect to recover.

For the next six weeks I stayed in bed, exhausted and
steadily losing weight until I was down to 160 pounds,
against my usual weight of over 200, and well below the
norm for my 6-foot 3-inch frame. The six-week bed rest
gave me many good hours shared with Marjorie. Removed
from the everlasting emergencies of medical practice, I was

able, at last, to admit to myself that since mountain people

had survived their hardships before my arrival, they would
continue to do so regardless of my personal professional at-
tendance. The realization that I was not their messiah was
exhilarating.

Before the end of those six weeks, Marjorie and I also
realized that we had become hopelessly insular in our
thoughts and interests. We began to examine matters out-
side our small, intimate world with new enthusiasm. And as
the weeks went by, I grew less and less concerned about our
future, there or in a different location. It was enough that
our family was together and loved one another very much.

When a radiologist friend telephoned to pass along infor-
mation on one of my patients, he apologized for his tardy
report, saying he had been on the sick list for some weeks.
Almost offhandedly, he remarked that he had seen my
X-rays and that we shared the same medical problem, al-
though I must be somewhat recovered by now.

“I'll be on half-time for a few months, but infectious
mononucleosis is a self-limited disease, after all,” he said.
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When he asked what my heterophile ratio was, I was too
stunned to reply but muttered my thanks and hung up.

Early the next morning I was in the laboratory to take the
one blood test I had ovetlooked: the heterophile agglutina-
tion test for the nonfatal illness commonly known as the
“kissing sickness.” T learned from the test that I was not dy-
ing of leukemia; I was alive with infectious mononucleosis
and, in fact, I was suffering mostly from a swollen spleen
and incomplete self-diagnosis. As soon as I was able to get
back to work, I began the first move to get a hospital built
for my mountain patients.

In April 1947, T called a meeting of about a dozen men,
each a leader of a community within my broad area of med-
ical care. We met in the vast living room of the Esmeralda
Inn, a venerated structutre dating back nearly one hundred
vears. Attendance was 100 percent. I made it clear that my
efforts to practice medicine under archaic conditions could
only result in my death or desertion in a matter of years, with
no replacement in sight. Given an institution in which mod-
ern practice could be assured, we could do better by our
people, and ultimately attract other practitioners, who
would take my place to guarantee continuity of care for the
foreseeable future. In all honesty, I had to point out the
problems of expense, impossibility of state or federal gov-
ernment assistance, and lack of trained personnel, as well as
the need for total commitment.

One at a time, I polled the dozen men who would speak
for nearly six thousand souls. One by one, these remarkable
people gave a verdict that was unanimous. We would build a
hospital—the Valley Clinic and Hospital, a nonprofit, com-
munity-owned institution. The mechanics of its construc-
tion and administration would be clarified at a meeting one
month hence. We shook hands and each returned to his bai-
liwick, to talk to people. For my part, hours of solid plan-
ning lay ahead, but we were off to a good start and I was
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confident there would be no turning back. From that point
to this day, the future of the Valley Clinic and Hospital has
never been in doubt. If collusion was involved at any turn of
the many difficult steps on the way, it was for the best of
possible causes, and could never be proved in any event.

On a bright day in mid-October 1948, the Valley Clinic
and Hospital became a reality. Standing on a podium built
by my best friends, Fate Heydock and Lonnie Hill, I pre-
sented the hospital deed to the board of trustees. In the local
bank, our cash reserves amounted to less than $1,000, but
the hospital was open and prepared to receive patients. In-
side, I already had a patient, a member of the Pitillo family
in labor.

The imminent birth was especially heartwarming since, in
the beginning, I had been persuaded to become a physician
at Bat Cave by Duga Conner, a superlative midwife and
friend. A tireless, dedicated woman, she fully answered my
questions as an ignorant youngster about the nature of her
duties. In a matter of minutes, she clarified her role as chief
midwife of the area and told me, in understandable words,
the vital details of human birth. Then this wonderful woman
turned to me and said, “George, why don’t you get the
schooling to be a doctor and then come back here? We've
never had nary a one and we need one bad.” I promised I
would do as she asked. Hers is the example on which I base
my esteem of obstetrical practitioners. At times, this practice
calls for the diagnostic experience of a good clinician in
combination with the skills of a surgeon. I have learned that
childbirth is a hazardous process, with surprises from con-
ception to delivery, and when a doctor can in any fashion
assist in the birth process, he best fulfills the role of “be-
loved physician.”

During my seven years as family physician on the moun-
tain, I often saw the other side of life’s coin. In the final days
of my country practice, I was called to Remus Lytle’s house,
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high on the upper shoulder of Bald Mountain. It was far past
midnight when I brought my Jeep to a stop in the front yard
of the cabin, but the fatigue I had felt earlier had long since
been washed away in the clear mountain air. No matter the
time of day, I was about my chosen business. A single ker-
osene lamp inside the cabin cast soft shadows of the huge
boxwoods beside the porch, and to the west I had a rare
view of the full moon setting. There was no sense of urgency
as I gathered my small bag of medical instruments. T was not
on my way to treat an illness but to bid farewell to an old
friend and patient, Aunt Silla Lytle.

Remus and his wife, Pearl, met me on the porch with
quiet words of thanks and ushered me into the living room,
where my ninety-year-old patient lay on the sofa, properly
outfitted in her Sunday dress, with a light coverlet pulled up
to her chin. Her eyes were closed but she was not asleep, and
when Remus whispered, “He’s here, Aunt Silla,” the lids
opened wide as she sought my face through the curtain of
cataracts that blurred her vision. As I sat beside her and
took her hand, she spoke in a clear whisper.

“It was good of you to come, doctor. This time, you’ve no
call to use your heart-listener and pressure machine.” She
paused a bit, searching my face with those nearly sightless
blue eyes, then delivered her message.

“You've doctored me goin’ on seven years and fer that
give ye thanks until you’re better paid. I've said my prayers,
and yours will be to say at the burying tomorrow.” Then she
paused, to gain her last ounce of strength. At last, she gave
my hand a gentle squeeze and murmured almost inaudibly;
“Doctor, it’s gettin’ bright light and black dark all at the
same time.” With that mystical announcement, Aunt Silla
Lytle expired in an aura of peace that does not often come
with death. My useless stethoscope remained in the leather
bag, not needed for her silent heart.

At last Remus broke the silence: “Least I kin say, Dog, is

= in
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that Aunt Silla never died of no disease. She just plain
punied out.”

As I helped the couple prepare the body; I pondered
those words and wondered if one day I would have the pro-
fessional courage to write on a death certificate the simple
and adequate phrase “Just plain punied out.”

For no accountable reason, I cranked up the Jeep and
drove up the rocky cowpath to the peak of Bald Mountain, a
mile beyond the cabin. At the bare summit of the peak, I cut
the engine, lit my pipe, and paused awhile to do some think-
ing. A half-mile below, the dim outlines of Hickory Nut
Gorge were faintly visible, lighted only by the setting moon
to the west and the coming easterly dawn. Towering over the
gorge were Chimney Rock and Sugarloaf Mountain, with
Bearwallow and Little Pisgah guarding its high reaches.
Thin shrouds of fog covered the lake below and, far to the
east, the early rays touched the monolithic spire of Table-
rock Mountain.

In this majestic setting, I sat in the Jeep and surveyed the
mountain land to which I had assigned myself. Scattered at
random amongst those hills and rock cliffs were some six
thousand people, all friends, and all patients in times of ill-
ness. Out of sight, in the dark shadows of the gorge, lay our
Valley Clinic and Hospital, and downstream on the Rocky
Broad River rose the Church of the Transfiguration, both
built by mountain people.

The sun began to edge up over the low ridges of Polk
County to the east. This was the Sabbath and my day to con-
duct services in our church. I eased the Jeep into low gear
and drove past the Lytle cabin to the church far down the
mountainside and then to the rectory residence of Father
Frank Saylor, the priest in charge of our Church of the
Transfiguration, and my close friend of many years, Single-
handedly, Frank Saylor had salvaged vital relics from our
early church as it burned to the ground, and he was now
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completing construction of a new structure that would in
time become the most beautiful church in my experience.
On many occasions, we had engaged in long conversations
concerning some of the unclear areas of theology. Father
Frank was a rigid adherent to the smallest rubrics of our
Episcopal church ritual, but welcomed my assistance in de-
livering the homily at Sunday service. My life was filled with
the satisfaction of going about my chosen work in a place I
wanted to be, supported and surrounded by loving family
and loyal friends.

However, with the onset of hostilities in Korea in June
1950, my time at Bat Cave ran visibly short. On the day fol-
lowing our announced military support in that struggle, I
received a brief telegram from the Third Army alerting me
to my active duty status and eligibility for recall for overseas
assignment, This development was somewhat unexpected,
as I had considered myself beyond the pale of military ser-
vice, but I was recalled in due time.

I agreed in 1953 to relieve an Army paratroop doctor,
providing that that doctor would relieve me in Bat Cave.
The turnabout took place in fewer than 14 hours, and I was
on my way. At daybreak on 3 September 1953, I drove my
Jeep through Bat Cave, past the hospital, and over the top of
Hickory Nut Gap, headed for Fort Sam Houston in San An-
tonio, Texas. I did not look back.

The conflict in Korea had ended at Panmunjom in July
1953. In September, after less than a week of close-order
drill at Fort Sam Houston, I joined nearly three hundred of
my fellow recallees to hear that the Army had made an over-
sight; we would be absorbed instead into either the Air
Force or Navy, where doctors were needed. I opted for the
submarine service, since it paid the identical hazard com-
pensation offered by the paratroop service for which I had
originally contracted. Five days later, I found myself at the
U.S. Naval School of Deep Sea Divers, not exactly on my

A Submariner (1953—-1957)

planned agenda. I was not only surprised to be there but
also delighted to find that I loved to dive. This fascination
with diving has stayed with me all my life. After training at
the diving school, I moved on to submarine school, where I
learned to love submarines as well.

However, any officer of our armed forces inevitably en-
counters the oddball who loses sight of the ultimate military
goal and shows a disturbing tendency to pick daisies during
the forced march. This man is not a candidate for the higher
echelons, but he derives an immense store of pleasure dur-
ing a long tour of service and perhaps even makes some
slight contribution to the national effort. I have always
tended to count myself among this very group.

At the conclusion of my six-month course at submarine
school, having been ordered to Pearl Harbor with ample de-
lay time, I left on a leisurely camping trip in the Jeep over the
Skyline Drive and Blue Ridge Parkway. For me it is second
nature to head for the hills and woods, to embrace and be
swallowed up by the great outdoors, forgotten by family and
deep in harmony with the creatures of the wild. On the
third night of my camping sojourn on Sourwood Mountain,
my campsite was approached by a deputy sheriff and a for-
est ranget. They brought news from the Navy: if I hoped to
travel to Honolulu with my family, T must be in San Fran-
cisco eight days hence. I broke camp and raced for Bat Cave,
300 miles distant.

So it was that in July 1954, I abruptly moved my resilient
wite, four young children, and amiable mothet-in-law from
Bat Cave to San Francisco, our port of departure for Hono-
lulu. We were to carty our vital possessions, more or less, in
a tandem arrangement of Jeep and station wagon. On our
last night in Bat Cave, our many good friends, grown dear
with time and shared experience, gathered together to send
us off with a farewell celebration at Sugar Hollow. That
night, for the first time, I experienced the disarming sense of
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loss so often associated with change. As I looked for some
assurance that our friends and this place would remain the
same, | promised myself that I would always hold them un-
changed in my thoughts.

Near the close of our week of cross-country travel, one
hour stands out supreme. In the California Sierra, past Lake
Tahoe, 1 spied a mountain stream too beautiful to pass and
pulled to a stop off the roadside. For a short while, we
played gleefully in the crystal pool, and remembered again
our mountain heritage.

After a five-day ocean passage marred only by uninhib-
ited sea sickness experienced by each member of the family
in turn, we arrived off Koko Head. The rugged contours of
the dank, tropic isle slid by as I pointed out to my children
the landmarks familiar to me. In a matter of hours, we were
settled in temporary housing on the sub base and my naval
service in the Pacific began.

I was assigned duty as medical officer, Submarine Squad-
ron 3, and, already under the hypnotic spell of deep-sea div-
ing, took an immediate liking to my duties as instructor in
the submarine escape training tank. There, in a water-filled
tower 120 feet high, instructors trained all submarine per-
sonnel in a method of individual escape from a disabled
submarine. The training, known as buoyant-assisted ascent,
was conducted at increasing depths down to 100 feet. The
trainee, wearing an expanded life jacket, would step out of a
pressurized lock onto a platform in the water, where he was
held by two instructors. On a signal from one of the instruc-
tors, the trainee expelled the air from his lungs until he ap-
proached residual lung volume. At that point he was re-
leased and rose to the surface at a rate of 300 feet per
minute.

Throughout the ascent, the trainee continued to blow out
air, since the compressed residual air in his chest could pro-
duce overdistension of the alveolar structures, immediately
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resulting in massive arterial air embolism. Because of this
potentially fatal hazard, the submarine medical officer at all
times remained in the water, working with the instructors.
In case of a casualty, the doctor and victim were, within 90
seconds, moved into a topside recompression chamber.

Aside from its value as an escape training device, the tank
served as a research medium in which a wealth of data on
respiratory physiology was constantly being accumulated by
our submarine doctors. Given the vast laboratory resources
of the submarine service, the availability of tank instructors
as human volunteers, and the easily controlled conditions of
experimental work in the escape training tank, the horizons
of research in pressure physiology were unlimited.

Tank instruction was an assignment that allowed me to
dive freely and to lecture on my favorite new subjects— sub-
marines and deep-sea diving medicine. Toward the end of
my tour, I was a member of the team that made the deepest
(546 feet) McCann rescue bell ascent from a sunken sub.
This type of diving research became of special interest to
me., Happily; I was physiologically well suited for diving and
did well at it.

After a number of escapes from sunken submarines, 1
graduated to escaping from a sinking jet aircraft, a pro-
cedure at which I became adept, though I was never able to
persuade the Navy to standardize the course for aviators. I
became a living anomaly among naval officers—a doctor
who couldn’t fly a fighter jet, but sure as hell could get out of
one if it was downed over water and started to sink. After
two years of duty, with one project of independent research
and intensive written examinations in the specialty, I quali-
fied at last to wear the coveted insignia of the Undersea
Medical Service— the oak leaf of the Medical Corps flanked
by two dolphins.

When the final days of our stay on Oahu were at hand and
it was well known that I would return to a country practice
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in the mountains, I had the strange feeling that something
was out of sync. There I was, on the ragged edge of depar-
ture from the naval service, yet chosen as a senior technical
consultant to the moguls of Hollywood for a Navy training
film on submarine escape. True, I was no stranger to camera
crews, having been filmed several years previously when
named Doctor of the Year by the American Medical Asso-
ciation. (That film, which featured the planning and con-
struction of the Valley Hospital and Clinic, depicted a “typi-
cal day” as I raced through the grinding routine of a rural
mountain doctor.) And although not a career officer, I was
the Navy’s specialist on escape from sunken submarines and
downed aircraft, so I accepted my assignment, boarded the
United Airlines flight to Los Angeles, rearranged my diving
gear, and enjoyed the curious stares of my fellow passengers
as well as the unaccustomed luxuries of first-class travel.

Upon arrival in Los Angeles, I was met by Lt. Comdr. Carl
Boyd, USN, complete with staff car and two sailors, who
immediately took charge of my scuba gear, life vest, weights,
and flippers. I was happy to be so warmly welcomed, and I
relaxed as we proceeded to the hotel in Hollywood where 1
would stay until completion of the training film. Expecting
to get to work immediately, I instructed the sailors to leave
the diving gear in the car, as I planned to use it within the
hour. As it turned out, I never did use that diving gear—or
even start the training film. The whole idea was a clever pre-
text to ensure that I would be a thoroughly astounded guest
of honor on the Ralph Edwards television show, “This Is
Your Life.”

At the start of the television program, I thought I had
been set up for a fantastic practical joke by my friends in the
submarine service. This must be their going-away gesture,
satanically contrived, aimed at an old shipmate. But then
came the voice of Duga Conner from Bear Branch, and in a
moment she was sitting beside me on the couch, in the flesh,
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The next to appear was Lonnie Hill, one of my closest
friends back in the mountains, to tell the story of how we
built our mountain hospital with community help. Finally,
in tearful confusion, came all of my living family. Incredibly,
the ruse had succeeded. In the brief time of only two weeks,
the Ralph Edwards crew had pulled off a remarkable bit of
chicanery. But I was grateful, happy to receive the load of
gifts for me and for our community hospital, and to see once
more so many old friends, though on unfamiliar shores. We
all trooped off to a midnight party at the hotel where my
family and friends had been hiding out for several days.
When the festivities were all over, I flew back with my brood
to Oahu for the closing weeks of military service.

The other guests of “This Is Your Life” went back to their
scattered homes and ways of life in the Blue Ridge. At the
time, Marjorie and I were concerned about Lonnie Hill,
who seemed to be overly depressed about the passing of our
shared best friend, Fate Heydock. Three months previously,
Fate, so instrumental in construction of our hospital, had
died of leukemia. I tried to talk to Lonnie about it in Los
Angeles, but he put me off, saying there would be more time
when we were settled back home again. Although the empa-
thy between us was still there, a gray shade had dropped and
1 could not penetrate it. After he returned to Bat Cave, Lonnie
sank deeper into that morass of disturbed body chemistry
of mental depression. Late one night, he escaped his inner
torment at the end of a rope, hanging himself from a dog-
wood tree near the house he had built with his own hands.
He had never meant to wait for my return to Bat Cave.

In late May 1956, my reserve tour of duty terminated. I
was ordered to report to Treasure Island, San Francisco,
there to be permanently separated from the Navy, which I
had come to love so well. Qur return trip to the mainland
lacked many of the cliff-hanging scenarios that had en-
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livened the outbound voyage. Whether the uneventfulness
was due to the sophistication of the elders among us, the
maturity of the youngsters, or the calmer atmosphere on
board the USNS Shanks, I never discerned. It was a peaceful
crossing. We approached San Francisco at closing speed,
were brought to a secure berth, and tumbled off the ship
into the arms of my young in-laws, who had driven west to
meet us for a planned cross-countty camping trip. My
brother-in-law Roy and I, with our elder sons, descended on
a local supermarket to load up for the trip. Over the next
day or so, we packed my new Jeep and trailer with groceries
and prepared for a seven-week camping trip, which would
take us back to Bat Cave.

Return to the general practice of medicine and surgery
was not so simple. The physician we had found to fill my
shoes was lacking, I thought, in the characteristics I consid-
ered necessary for useful service to mountain people. Over
the months, | had been alerted to this fact; however, I had
assured myself and family that I could set it straight once I
returned to practice in Bat Cave. I was quite wrong. As the
months went by, I became increasingly aware of the irrecon-
cilable differences of philosophy between the two of us. Per-
haps it was simply that I had for so long known and loved
the people on the mountain, and had always felt at home
with them. Fuel must surely have been added to the fire
when my former patients made fond reference to previous
years of family care, and referred to Valley Clinic and Hospi-
tal as the institution they had built for Doctor George.
Things like this go poorly with a freshly caught incumbent.

From my view, Bill, my successor, never felt at home with
mountain people, coming as he did from a Kansas flatland
heritage. As he was not trained to do surgery, he sought to
refer all such cases to other hospitals and unfamiliar doc-
tors. Quite predictably, his patients retorted that Doctor
George used to take care of their surgical problems himself.
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Bill's reaction was to say that I was a passable surgeon at
best. That did little to improve the doctor-patient relation-
ship, and my mountain faithfuls gradually stopped going to
the hospital that had belonged to them in the first place.
That was the scene I faced on my return to Bat Cave.

In an effort to keep the peace, I tried to get along with Bill
but failed. His procedure of mailing bills to all patients
came as an affront to many of our people, who regarded a
written statement as a dun, no less. Mountain people pay
what they owe when they find the dollars. Since far too
many lacked the dollars, they deferred necessary care from
Bill. It became obvious to me that I couldn’t ease back into
the picture. I realized, moreover, that I was no longer eager
to return to a job that could best be described as a young
man’s game and, incidentally, a killer. My thoughts fre-
quently returned to the excitement of diving research and
the urgency of undertaking it. I missed diving; I missed the
Navy. Before six months had passed, I decided to volunteer
to return to duty.

One day in late February 1957, I received a terse com-
munication from the Department of the Navy, ordering me
to report within a week to the Medical Research Laboratory,
U.S. Naval Submarine Base, New London, Connecticut. A
week, hell—1 could have done it in one day flat in my cur-
rent state of mind! Actually, I took a full four days, driving
my Jeep over the high mountain trail and camping by the
roadside. There was time for reflection at night by the camp-
fire, with snow all around in a beautifully silent world. In
painful analysis those nights, I tried to justify my decision. I
had brought in another doctor, our people and hospital
would be served, and medical care would always be avail-
able. On my third night on the trail I convinced myself that,
thanks to our hospital, the local people would probably al-
ways have competent medical care. Thus, in a sense, my
original goal of establishing a hospital as a magnet for med-
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ical talent had been not too far from the mark. With that
rationalization, I turned the page and moved on to a career
in the Navy.

Around midnight on the last day of February, I arrived at
the main gate of the submarine base in cold-weather sur-
vival gear, driving a beat-up Jeep. I was turned away despite
my credentials. Next day I appeared in full uniform and was
waved by the guard post without question. I was back in the
Navy—back in research—and that, I guess, is where I

belonged.

The Genesis Experiments
(1957-1962)

Our lively family settled down in a farmhouse outside the
village of Mystic in the quiet Connecticut countryside,
where Marjorie devoted herself to raising our four growing
children. In a relatively brief period of time, I was elevated
to the rank of commander and became deeply involved in
the technical aspects of experimental diving research.

During the course of many months of underwater trials
and adventures, I gradually assembled a team of support di-
vers of truly superlative skills. Over the years of experimen-
tal escapes and regular sessions as training tank instructors,
we developed ties of mutual dependence and deep friend-
ship rarely encountered in any walk of life,

As a class, Navy divers tend to be remarkably clannish,
and for good reason: most people regard professional deep-
sea divers as a little bit daft. Individually, perhaps, a Navy
diver may cut an appealing profile but, in general, we are
shunned as a group. Divers, in turn, recognize the necessity
for total loyalty within our small fraternity and cling to-
gether, literally, for dear life. Even so, my little coterie of
fewer than a score of professionals was almost unique in our
fierce loyalty. We worked together in almost perfect har-
mony, socialized as a team, and made up our own special
squad for recovery of bodies from water under ice or within
caves, as well as for unusual salvage jobs, search of subma-
rine hulls for suspected saboteur devices, and even simula-
tion of weightless training flights of the Project Mercury
crew. In near-defiance of Navy regulations, we fraternized in

good will and fellowship.
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It was only natural, therefore, that as my coinvestigator,
Comdr. Walter Mazzone, and I plunged deeper into the
realm of physiological research, our team served as volun-
teer subjects for almost any experimental project in which
we dared to substitute men for mice. As we explored the
concept of saturation diving, I called on my courageous
crew, first to assist in the animal phases as research techni-
cians, then at last to serve as human test subjects. We delib-
erately set out to prove the revolutionary concept of satura-
tion diving: Decompression time increases with depth and
duration of the dive up to the point where the diver’s blood
and tissues have absorbed all the gas they can hold at a given
depth. At this saturation point, our theory posited that the
time required for decompression would remain fixed—
regardless of how long the diver remained at that depth. If
we could prove this to be true, the implication was that a
diver could work on the ocean floor for weeks instead of
minutes. In standard practice at that time, a working dive of
about 200 feet was limited to about 30 minutes, as the man-
datory decompression time was so long that further sub-
mergence was impractical.

But the promise of the saturation concept went far be-
yond the Navy’s immediate needs; if valid, it would advance
the premise that humans can live in and work freely from an
underwater habitat placed on the ocean floor. In 1957, in one
of my first conversations with Jacques Cousteau, we ques-
tioned the extended length of time required for decompres-
sion after deep dives. The only alternative that made sense
was to keep the divers on the bottom until the job was done!
When Cousteau learned that our group was embarked on
testing my conviction that saturation diving was technically
feasible, he pursued the design and fabrication of underwa-
ter habitats, while the inventor Edwin A. Link undertook
the diver conveyance systems between support ship and
habitat. Dr. Robert Workman, Walt Mazzone, and I contin-

The Genesis Experiments (1957—1962)

ued to experiment with helium-oxygen breathing mixtures
and to juggle the U.S. Navy’s decompression tables ac-
cordingly.

After our six years of experimental work with animals
(the Genesis A and B projects), we received permission
from the Secretary of the Navy to continue the research pro-
gram using human volunteers as subjects. Program Genesis
C was thus begun. The four volunteers selected for the proj-
ect were seasoned U.S. Navy divers, skilled in the use of un-
derwater tools and equipment. These divers, the first U.S.
Navy aquanauts, were not at that time recognized as any-
thing special. As investigators, we weren’t given priority for
material or equipment; we took what we needed from any
place that had it. It was rumored that base personnel locked
their doors when they saw us coming.

The program began with human experiments at sea-level
pressure. Throughout the days and nights of the first experi-
ment, the physiological and psychological readings obtained
from the men were seemingly unaffected by the exotic
helium-oxygen atmosphere. A constant source of com-
plaint, however, was the uncontrollable, excessive humidity,
which remained near 100 percent relative,

We then concentrated on the single apparent medical
problem. From the moment the normal air supply had been
converted to one of helium and oxygen, it became clear that
control of our subjects’ body temperature was a serious
problem. The temperature range within the chamber had
been scheduled to 76° F to 78° E At those temperatures,
even with full clothing, the subjects began to complain of
the cold in bitter Donald Duck tones. Proof of their com-
plaints was in the shivering and occasional teeth-chattering
observed at regular intervals, sometimes in unison. We had
no clear picture of the comfort zone in the heliox climate. It
was obvious, however, that this zone was remarkably narrow
in terms of the figures established by the air conditioning
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industry and other investigators who had worked exclu-
sively with nitrogen—oxygen or pure oxygen environments.
A system of accurate recording of body temperatures was
established that showed dramatically that, in a helium sur-
round, the human body loses heat at a distressingly high
rate. The body heat loss could be compensated for by sig-
nificantly elevating the atmospheric temperature or by rais-
ing the metabolic rates of the men. The solution appeared to
be a compromise between the two. The men consumed
more calories, and the surrounding temperature was raised
to 88° E The thermal problem was solved, but no amount of
silica gel solved the problem of high humidity, which re-
mained a constant source of discomfort.

It was also evident that after the first few hours of expo-
sure to the heliox mixture, the men made conscious efforts
to correct the chipmunk quality of their spoken words.
They did this by deliberately lowering the frequencies of the
speech formats by almost a full octave and by slowing the
rate of speech delivery. In addition, they learned to eliminate
from their vocabulary those words that were most distorted
by the helium. As a matter of passing interest, all the socially
unacceptable four-letter words came through loud and
clear. This prompted one of my linguist consultants to re-
mark that, since the men were Navy aquanauts whose vo-
cabularies were largely confined to such words, it was of lit-
tle concern. I had to concede his point.

From a psychosocial point of view, a few random observa-
tions about the first experiments are worthy of record, since
these patterns have been repeated in varying degrees with
each successive human experiment, whether in a simulated
chamber run or in later operations on the sea floor. First, it
became clear that, although the authoritarian pecking order
was soon established, it bore no apparent relation to the mil-
itary, educational, or social status of the diver. Further, the
status changed from time to time, apparently in response to
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emotional spontaneity and to the nature of the particular
tasks the aquanauts were expected to accomplish. Yet, re-
gardless of the changing psychosocial atmosphere within
the chamber, the group of men presented a solid front at all
times to Walt Mazzone and me as we stood our watches. To
the budding aquanauts, we were dutiful attendants ex-
pected to satisfy any request, reasonable or otherwise. Al-
though at the time we did not recognize the significance of
the master—slave role, in later experiments it would become
known as the “aquanaut breakaway phenomenon,” and
would become a source of potential disaster.

By the time the first critical phase of the Genesis program
was successfully terminated, we had demonstrated that hu-
mans could live for several days in a nitrogen-poor, heliox
atmosphere without discernible physiological damage. To
Whalt and me, that was a clear and beautiful ray of light,
worthy of publication. That was not the judgment of our
parent bureau in the Navy, however, and the experiment was
not officially recorded at the time.

Seven months later, we began the next phase, Genesis D,
at the U.S. Navy Experimental Diving Unit (EDU) in Wash-
ington, D.C. Essentially the same group of volunteers was
used for test purposes. Now, however, the factor of pressure
was imposed. The aquanauts, living in a pressure chamber
immersed in a water tank (or wet pot), were exposed to the
depth equivalent of 100 feet of seawater for six days while
breathing a helium—oxygen mixture.

The pressure chamber had the customaty “lock-out” sys-
tem, whereby test samples could be passed from the inner
chamber to an outer, equally pressurized space, or lock.
When the inner chamber’s door had then been secured, the
outer lock could be opened to replace samples, remove gar-
bage and wastes, and return large objects to the inner cham-
ber without compromising the pressure level. The tempo of
experimental investigation was accelerated. Under difficult
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George Bond talks with the Navy’s first aquanauts at the U.S. Navy
Experimental Diving Unit in Washington, D.C. (U.S. Navy photo)

conditions, more than fifty physiological and psychological
readings were received from each subject every 12 hours.
The tests were conducted in the dry atmosphere of the
chamber as well as in the water environment of the wet pot.
Ambient conditions were under better control, with relative
humidity maintained at about 80 percent, and such added
creature comforts as we could provide.
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George Bond welcomes Navy diver Bob Barth as he emerges after
six days in a dry pressure chamber immersed in a water tank at 100
feet. (U.S. Navy photo)

The results were excellent. Throughout the run, the “sat-
urated” aquanauts were in good spirits. Since much of their
time was spent out of the chamber in the wet pot, we judged
that the simulation was approaching the true undersea envi-
ronment. Blood and other biological samples were drawn at
regular intervals, passed through the medical lock in the
side of the inner lock of the chamber, immediately im-
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mersed in ice, and rushed to the National Naval Medical
Center for rapid analysis.

Generally speaking, living conditions in Genesis D were
vastly superior to those of the sea-level exposure, and the
morale of the subjects improved. In a sense, this surprised
us, as it was clear to the men that any significant material
failure would be almost instantly fatal. Once saturated at
depth of 100 feet, there was no possibility of abrupt return
to sea level. Tn addition, the aquanauts must have realized
that they would be the first human beings in history to be
decompressed after a saturation exposure. Inasmuch as
Walt and T had revised the original decompression schedule
many times, the prospect for success was not absolutely as-
sured. The faith the aquanauts had in us throughout this
crucial expetiment proved that a vital ingredient of success
in such hazardous programs is a high degree of empathy,
loyalty, and trust between investigators and volunteers.

When the time came to start the actual decompression
procedure, Walt and I were exhausted after 18-hour cham-
ber watches and a fair amount of psychic strain. The ordeal
of the decompression did little to improve our appearances,
leaving us in limp condition to face the battery of camera-
men when the aquanauts at last walked out of the chamber
in perfect health. Two hours later, we took our hero aqua-
nauts to a seafood dinner at a nearby cafe. We drove the
Navy truck, parking it beside the restaurant. After a deli-
cious meal of spiced shrimp, we came out to find our truck
blockaded by miliary police, shore patrol, and Air Force po-
lice. They informed us that government vehicles could not
be parked indiscriminately on city streets. Furthermore, our
vehicle was from another naval district. We were all wearing
dungarees and sweatshirts; some of us had not shaved re-
cently. A military police sergeant asked to see our iden-
tification cards. We refused. We asked to talk to higher
authority.
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Three hours later, we were released from interrogation
and began the long drive back to New London. Walt
dropped me at my house long after midnight, and I sat until
daybreak in the kitchen with Marjorie, sipping bourbon,
discussing the experiment, and absorbing the details of our
oldest daughter’s elopement two days previously, I realized,
not for the first time, that for months I had been far more
occupied with the Genesis experiment and our aquanauts
than with my family. I fervently hoped that it would not al-
ways be so.

At sunrise the phone rang. It was an admiral in Detroit,
calling for advice about two men incarcerated in the for-
ward battery compartment of a submerged submarine used
for reserve training. They had been under air pressure of
about 50 pounds per square inch for 48 hours. The U.S.
Navy Diving Manual gave no hint of how they could be
safely decompressed. Could I help? Thank God, I could. At
0700 I was in flight to Detroit for the emergency saturation
decompression. I reminded my fatigued brain that at least I
had the fresh experience of Genesis D behind me. After a
hair-raising but successful recovery of the two men from the
bottom of Lake Michigan, I wrote a Navy directive to fill in
this lapse in the Diving Manual and then joined Walt to plan
our next Genesis venture, appropriately named “E,” as in
Exodus.

With the successful conclusion of Genesis D, no slack was
permitted in the program. Even as the considerable data
were being processed and studied, Walt and I huddled al-
most daily for conferences with staff from the various scien-
tific disciplines of the Medical Research Laboratory. With
the recent installation of our new environmentally con-
trolled compression—altitude chamber, we now had the
most sophisticated chamber habitat in existence, coupled
with a degree of enthusiasm that spread beyond the confines
of our laboratory to envelop the entire submarine base. To a
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much greater extent than before, assistance in the form of
men, material, and ideas came from every quarter, often un-
solicited and sometimes helpful.

The date for commencement of Genesis E was targeted
for August 1962. For this final laboratory experiment, we
planned to expose three men: a medical officer and two en-
listed chief petty officers, to a simulated depth of 200 feet
for a total “bottom time” of twelve days. Insofar as possible,
existence within the chamber would be autonomous. Food,
water, and all other material necessities were stowed in the
chamber prior to occupancy. The prepared diets, although
of excellent quality and quite expensive, were packaged in
drab olive containers stamped with a government stock
number and, consequently, were judged unpalatable from
the outset. In research, as in industry, consumer acceptance
requires careful consideration.

As was the case in Genesis C and D, the artifical at-
mosphere of the chamber habitat would be “captive” in the
sense that it would be continuously scrubbed free of excess
carbon dioxide and offensive odors, while oxygen would be
replenished to meet the metabolic needs of the occupants.
Helium would be added from external sources to make up
for normal leakage. Temperature and humidity could be
programmed and automatically adjusted from the outside
control console.

Portholes in the living compartment of the chamber were
constructed of one-way glass to augment the sense of isola-
tion on the part of the aquanauts and to permit continuous
outside monitoring. Communications could be maintained
via a two-way general broadcasting system, and a private
telephone was provided for person-to-person messages. A
medical lock in the side wall of the main pressure chamber
provided easy access for transfer of biological samples
and other relatively small objects, minimizing the gas-
consuming use of the outer lock of the chamber. The entire
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complex had been carefully checked out by company engi-
neers and certified as safe for human occupancy. The ex-
periment was to begin on 1 August 1962.

Around midnight before the start-up day, the last of the
internal items had been rechecked and properly stowed by
our aquanauts while Walt and I completed a final check of
all lines, valves, and the automatic control-recording systems
installed at the dual operators’ console. During the final cup
of coffee for all hands prior to sack time, I gazed at the
quarter-million-dollar monster to which our aquanauts
would soon be committed for nearly a fortnight. Compared
with the crude, hand-operated chambers that we had pre-
viously worked with, this marvel of engineering sophistica-
tion was an order-of-magnitude expansion of the state of the
art. Every operation that under standard procedure would
be accomplished manually was now performed automat-
ically by a single cluster of programmed sensor—controller
systems. Since these systems represented the ultimate in en-
gineering technology, they were, of course, infallible, and al-
most no manual override provisions had been included in
the final design. I stared at the console for a long minute;
the dials, colored buttons, and strip charts stared back
impersonally.

It was then that I remembered that during the previous
workday, the 24-inch explosive decompression valve had
been briefly disassembled to provide access to another
compartment, then replaced. Certainly it must have been
pressure-checked after reinstallation, but the engineering
checkoff log had been carried back to the motel by the chief
test engineer and was not available.

“Let’s throw in an overnight pressure test for luck,” T
said.

We put down our coffee cups and approached the con-
sole. Walt Mazzone and I sat in our swivel chairs and began
the air pressurization sequence, our aquanauts in the
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shadows behind us. We clicked our stopwatches together.
Walt flipped Auto Control, and a green light appeared. Next
he punched Sensors, then Controls, and once more green
lights sequenced across the panel. I then dialed Azr from my
seat, and listened to the seven solenoids click into the pro-
grammed open and shut positions. “Secure main hatch!”

Outside the chamber three aquanauts easily swung shut
the massive entrance hatch and gave the dog wheel three full
turns. The last red light on my console turned green. All
possible exhaust penetrations were secured. Elapsed time
showed 28 seconds. I programmed 300 feet of depth at a
100-foot-per-minute rate of pressurization and inserted a
master key, turning the switch to Pressurize. The last sole-
noid opened, and air blasted from the reservoir into the
main chamber. Strip charts for pressure, temperature, and
humidity rolled smoothly, reflecting the rapid environ-
mental changes within the aquanauts’ next habitat. The
absolute-pressure gauge climbed steadily, touched 148.1
pounds per square inch. Air flow stopped and the room was
silent. :

“On the bottom,” Walt said quietly. We clicked and com-
pared stopwatches. Elasped time was 3 minutes, 42 seconds.
Walt and I swiveled our chairs around to face the subjects.
We grinned at one another. Then came the blast, shattering
glass in the room windows and rocking the chamber itself.
The chamber pressure gauge rolled swiftly counterclock-
wise to 14.7 pounds per square inch—sea level, The infalli-
ble chamber had failed, blown the cork! All of us in the
room knew that had it been occupied as planned, three of us
would have been dead. Walt and I looked carefully at our
aquanauts. To a man, their faces registered disgust, but no
fear. Bob Barth muttered an unprintable phrase, and Tiger
Manning said, “Back to the drawing board, gents.” We
started a methodical inspection of the superchamber.

Within minutes we had pinpointed the reason for the ca-
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lamity. The 24-inch valve, reassembled the day before, had
been connected with a reversed gasket. In addition, the
flange had not been properly torqued down. When the gas-
ket blew, the metallic separation was nearly complete, allow-
ing explosive decompression of the chamber. Qur work was
cut out for us.

By 0400, a huge hydraulic jack and assorted tools had
been commandeered from undesignated departments of the
submarine base, a 1,200-pound valve had been discon-
nected, the gasket turned, and the whole thing reassembled.
A L-hour pressure test at 150 pounds per square inch held
without leaks. Our damage control system was reviewed.
With the exception of two penetrations, all avenues of gas
leak could be controlled by the chamber occupants. Both of
these penetrations, the medical pass-through and the explo-
sive decompression valve, were too large to be plugged and
had simply to be trusted.

We enjoyed the luxury of a 4-hour sleep, then began Op-
eration Genesis E promptly at 0800 hours on 1 August. For
Whalt and me, this would be a period of nearly continuous
sleeplessness for twelve days. The aquanauts entered the in-
ner lock of the chamber and set up housekeeping for a long
200-foot saturation dive—a first in this new diving game.

For the first 12 hours of the experiment, our gas mixture
of 3.5 percent oxygen, a bit of nitrogen and argon, the rest
pure helium, was easily maintained; carbon dioxide levels
were controlled at our required percentages. The phys-
iological and psychological test programs were on schedule,
and Walt and T indulged in a spate of optimism. Close to
midnight, the time had come to pass blood and other biolog-
ical specimens through the large medical lock built into the
side wall of the chamber. This lock-through was designed so
that a green light showing outside indicated that the inner
lock was secured, hence it was safe to bleed off pressure in
the medical lock and then open the outer hatch door.
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That is how the procedure should have gone, but not so.
When I punched the appropriate buttons, got the green
light, and undogged the outer hatch, the hatch flew out,
striking me in the chest, and a deadly blast of chamber at-
mosphere struck my face. Squalling for help, I braced my
feet and body against the brick bulkhead and forced the
outer door shut. Walt rushed around the chamber and
dropped in the locking pin. The crisis was over. We had lost
only 10 pounds of pressure—but another 10 pounds and we
would have lost the aquanauts themselves.

Walt and I resurveyed the entire engineering system of the
touted chamber. I put in an emergency call for my son-in-
law, Bill, a graduate engineer, and the three of us pored over
blueprints and specifications. Shortly, it became obvious
that the set of prints that we had approved were not repre-
sented in our chamber complex.

The nearly fatal episode of the faulty medical lock
brought us all to the shattering realization that we were run-
ning an unsafe experiment. At 0500 on day 2, Walt, Bill, and
I began to check each hull penetration that could present an
unstoppable leak should the automatic systems fail. Within
18 hours, fifty-four of the deadly spots had been identified
and suitable hand valves had been installed, replacing the
automatic system.

Eatly in the game, Walt and I, and then the aquanauts
themselves, thus lost faith in the operational integrity of the
complex chamber in which they were incarcerated. It was
frightening to all of us. Weeks before, I had planned to sim-
ulate a chamber casualty so that we could check the phys-
iological and psychological response of the aquanauts to a
potentially fatal situation. I could now delete that item from
the program; unscheduled, potentially fatal hardware fail-
ures occurred with such regularity that simulation would
have been a farce. At the conclusion of our twelve-day pres-
sure exposure, more than two hundred equipment compo-
nent failures had been detected and resolved.
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Nevertheless, the experiment continued on schedule.
Our aquanauts gave pints of blood and other biological
products, we completed the necessary analysis, and Walt
carefully recorded it all. Hour by hour we pored over the
results—all acceptable by our standards. Genesis E was on
the road, come hell or high pressure! Walt and I worked
overlapping 17-hour duty sessions, with minimal problems.
Despite the engineering failures, we had control—or so we
thought,

On 8 August, day 8 of the experiment, the aquanauts, like
the outside investigators, had settled into a self-satisfied air
of near-boredom. Lights were dimmed in the chamber. At
0413 hours, I yawned for the tenth time and made another
entry in the log. Ten seconds later, all hell broke loose. The
first shock was a blast resembling a sonic boom. Clearly, we
had sprung a leak and the aquanauts were in danger. The
internal pressure gauge began to fall. I threw open the high-
pressure air source, hit the panic button, and raced to find
the source of the leak. The chamber, now overpressurized,
was held at 310 feet while Walt and I assessed the situation.
Gas had crept into the fluid element of our atmosphere con-
trol system and displaced the liquid in the coils, finally
blowing the cap. Within a few minutes, the leak was stopped
internally by our aquanauts. The emergency was over.

Next day, the completely automated control panel, de-
signed for strictly hands-off programmed operation, began
to demonstrate a dyspeptic tendency that escalated into a
catastrophic bellyache for Walt and me as we watched the
progressive demise of system after system. Initially, it was
possible to insert jumpers in circuits, ablate some automatic
controls, and continually rewrite our operational checklist.
But by day 10, the careful instructions Walt left for my day
watch covered seven pages, characteristically filled with ad-
monitions such as “before crossing emergency jumper 210 to
post 18, check humidity readout. If this reads 92 on the dial
(subtract 8 for true value), then this jumper cross is unsafe,
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George Bond, “Papa Topside” (foreground), and coinvestigator
Walt Mazzone (at controls) work out the first of the revolutionary
continuous-rate-of-ascent decompressions for saturation diving at
the submarine base in New London, Connecticut. (U.S. Navy photo)
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and the problem must be re-evaluated.” It was clear that the
automated system could not be trusted. We shifted to opera-
tions by hand, after carefully labeling, with large red Out of
Order tags, every one of the three-score miscreant elec-
tronic controls. The control panel and most of the chamber
now looked like a decorated Christmas tree.

Inside the chamber, the aquanauts continued to perform
admirably, reeling off yards of valuable data, and enlivening
the action with practical jokes nicely calculated to advance
the physiological age of the two investigators. “Channel
fever” was the certain diagnosis, but there was also a need to
vent emotionally before commencing the dangerous phase
of decompression. This reaction was understandable, but as
outside operators, Walt and I had lost our sense of humor.

At last it was time to commence decompression. On the
basis of some scant animal work and deep personal convic-
tion, Walt and I had agreed to attempt-a-schedule of contin-
uous decompression in a gradual, continuous rise to the sur-
face, predetermined at a rate-of+12+feet~per hour. This
schedule calculated that a human’s slowest tissue would re-
quire 180-minutes.to achieve-50-percent desaturation. In
retrospect, we know that this was a dangerous schedule. 1
must have sensed this, since I halted the continuous de-
compression twice, on pretext of checking all valves of our
external system. It may well be that these pauses, totaling2
hours; averted catastrophe.

During the decompression, Walt and I worked with stop-
watch synchronism. The decompression was calculated for
about 26 hours, with the two of us sitting side by side, save
for rare departures to satisfy any urgent call of nature. Less
than a day later, we completed decompressing the aqua-
nauts. After an additional 24-hours of observation and phys-
iological testing, Genesis E was complete. Our data indi-
cated that we were ready for open-sea application of an idea
that had germinated some six years before. Our next step:
Sealab I.
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I had made several proposals to the Office of Naval Re-
search (ONR) for an ocean trial of the concept of saturation
diving, ranging from using a bottomed nuclear submarine as
an ocean floor habitat, to conversion of a spherical Texas
Tower escape capsule to support two or three divers for sev-
eral days. I readily admit that the submarine proposal suf-
fered from the difficulty of obtaining long and exclusive use
of a high-priority operational submersible, and the Texas
Tower escape capsule would be a very cramped and mar-
ginally usable device. But when ONR in fact decided to
sponsor an ocean trial and we could begin planning the con-
struction of an ocean floor habitat, there was an obvious
stumbling block: we did not have the experience to deter-
mine acceptable design criteria for such a structure. As in
the case of any pioneering project, the only available guide is
sound engineering judgment, backed by competent counsel
in good seamanship and conventional diving techniques,
along with a willingness to accept a rather large number of
mistakes as long as one can learn from them and prevent
them from occutring where they would impose hazards to
human life.

The Bureau of Ships (BuShips) has a long history in ex-
tending the Navy’s diving capability. In a conference with
BuShips in December 1963, bureau support was obtained,
and it was tentatively decided that the U.S. Navy Mine De-
fense Laboratory; Panama City, Florida, would provide de-
sign and shop services for construction of the habitat to be
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used in the project now titled Sealab I. The swimmer re-
search and development group of the Mine Defense Labo-
ratory would play an important role in making competent
advice readily available to the design engineers and shop
personnel.

We felt that primary considerations in selecting the loca-
tion for the initial run should be the prospect of good
weather, good underwater visibility, a level bottom, moder-
ate water temperature at depth, and knowledge of the gen-
eral oceanography. The site adjacent to the Navy’s ocean-
ographic research towet, Argus Island, offshore Bermuda,
seemed ideal; whatever the disadvantages of this site, such
as the remote location, lack of swell protection, and absence

of extensive support facilities, they would be outweighed by
the benefits.

Approval was received from the assistant secretary of the

Navy (R&D), and early in February 1964 a formal request
was made for fleet assistance in carrying out the operation.
In March, the Chief of Naval Operations assigned the office
of the Commander, Operational Test and Evaluation Force,
to coordinate fleet support. The large covered lighter
YFNB-12 was made available to serve as the principal sup-
port vessel for Sealab I.

Plans proceeded for completing the underwater structure
and conducting the operation during the summer of 1964. In
discussions with the Mine Defense Laboratory (MDL), we
decided that some old experimental minesweeping floats
would serve as a suitable shell for the main body of Sealab
and that work should start immediately to fit one out as a
laboratory. The work performed by the ONR project officer
and the MDL engineering and shop force in readying the
hardware for this project in the short space of three months
is truly extraordinary—most observers would not have
been surprised if completion had taken a year.

On 20 May 1964, Sealab I was ready for sea trials. The
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YFNB-12 and Sealab I were towed to an offshore tower in 60
feet of water off Panama City, Florida, and Sealab was made
ready for lowering to the ocean bottom—a seemingly sim-
ple exercise that burgeoned into a nightmare. Final ballast-
ing was done the next morning and slight negative buoyancy
was attained. Because of a misunderstanding in line han-
dling orders, Sealab sank about 10 feet below the surface. As
the bottom hatches were open and there was not sufficient
air blowing into Sealab to keep water out, it picked up
enough extra ballast to sink out of control to the bottom in
60 feet of water. While several nylon lines tending Sealab
were sevetely stretched, none parted and, most fortunately,
no one was injured. Sealab was flooded more than half-full
of seawater. The habitat was blown dry of water by raising
the pressure inside the habitat, and preparations were made
to start lifting it from the bottom. As Sealab was ballasted to
only 1,000 pounds negative, expanding air began to bubble
from the bottom hatches as soon as it was lifted from the
bottom. Sealab formed its own air lift and came riding up to
the surface. Quick action on the part of the line handlers and
winch operators prevented it from sinking a second time.
Sealab was towed back into port, and MDL worked around
the clock to get it ready for sea trials again. By noon on 26
May, Sealab was waterborne and trials were underway. On
27 May, Sealab was successfully lowered to the ocean floor
in 60 feet of water and left for a period of 30 hours to test all
systems. It was not manned. With the test completed,
YFNB-12 and Sealab returned to port, and preparations
were made to get underway for Bermuda.

However, we then began to experience weeks of delays
caused by weather, loading, checkouts, and loss of divers re-
called to their regular assignments from their temporary ad-
ditional duty (TAD) on Sealab. Then came tragedy. On the
morning of 30 June, two Air Force planes were conducting a
combined paramedic ocean drop exercise in making a film
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about Project Gemini. For reasons never determined, the pi-
lot of one plane swerved into the path of the other. There
was a violent midair collision, followed by a minor explo-
sion, and the aircraft began to disintegrate. Together, the
two craft plunged into the sea. In minutes the wreckage
sank, a few bodies floated free, and the balance of personnel
were lost in the sea. Military scuba divers ordered to the
scene were quickly recalled because of water depth and the
presence of many sharks. A few bodies were recovered by
small-boat crews, but at least a dozen paramedics and crew
were missing and presumed dead.

Later that day, when I heard of the tragedy, I volunteered
the services of our topside diving crew. A few hours later, we
were informed that water depth at the site of the sinking was
about 720 feet, well beyond the limits of any conventional
diving. We proceeded with our planned schedule of Sealab
operations. Next morning, however, a reported positive fix
by the Coast Guard showed a water depth of 210 feet— too
deep for standard scuba diving but within the capabilities of
my group. Our services were requested for body recovery,
and we were underway with the YFNB-12 at once.

On the scene, we began a bottom search, first with divers
to determine visibility and then with our underwater televi-
sion equipment. It was immediately clear that the location
marked by the Coast Guard was a false contact, but soon we
were skirting a large area of wreckage randomly scattered at
depths of 190 to 240 feet. There were very few large pieces
and nothing easily identifiable. We buoyed off the more
promising areas, and our divers entered the shark-infested
water.

After two long days of extremely hazardous recovery op-
erations, we encountered conclusive evidence that little in
the way of human remains was left to recover. I returned to
Kindley Air Force Base and advised the commanding officer
that further diving search would be futile. Our assistance
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with the operation was terminated, with sincere expressions
of gratitude for our efforts. Underwater recovery of human
remains is an unhappy and unrewarding chore. In all hon-
esty, most of us feel that, save in the case of a simple drown-
ing in shallow cold water, it is infinitely kinder to consign the
remains to the ocean depths with an appropriate ceremony.
In this way, the dignity of death is preserved for survivors
and deceased as well. Our Sealab aquanauts returned to
Naval Station, Bermuda, and tried to pick up the lost
threads.

By Independence Day, the schedule began to firm up. All
preparations inside Sealab were reasonably complete and all
our divers on TAD were on hand and accounted for. On
board YFNB-12, technicians were tripping over one another
in the control trailer, making last-minute adjustments on the
myriad of complex electronic gear that would monitor every
heartbeat and breath of the aquanauts. In truth, Walt and
[ were being instrumented out of working space, but we
were both thankful to have such a dazzling array of the best
possible gear. In this open-sea experiment, we were intent
on getting a maximum amount of useful scientific data,
without which real progress in undersea experimentation
cannot be expected. For all the fanfare about Cousteau’s re-
markable 1964 Conshelf experiment in the Red Sea, it ob-
tained not one iota of useful physiological information. Ed
Link, with his electronic expertise, had demonstrated that
men could live for a 48-hour period as deep as 432 feet, but
no significant data were derived from his divers’ exposure.
The feats of both these pioneers lacked proper scientific
documentation. In Sealab I, we were determined not to per-
petuate such mistakes.

The next day a dispatch arrived saying that the investigat-
ing board of the Air Force crash had reconsidered its deci-
sion and now desired recovery of all aircraft pieces to deter-
mine the true cause of the disaster. Furthermore, we were
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requested to comment on the opportunity to move the Sea-
lab I operation to the scene of the accident and assign the
aquanauts the entire job of undersea mapping, bottom pho-
tography of the whole mess, and salvage of all parts.

At first, the opportunity was attractive. We could show
flexibility in moving from a planned to a totally unplanned
underwater project. We would be working on a significant
operational job and proving a point L had been preaching for
years—that the Sealab concept was the most effective
means of doing useful underwater salvage and extensive sur-
vey. A successful completion of the task would bring tre-
mendous popular response. The aquanauts would feel
usefully employed and not like just experimental subjects
for another in a long series of scientific reports.

All of these factors I considered over four pipesful of to-
bacco—and I rejected all of them. After Sealab was con-
ceived in 1957, each slow step toward completion had been
aimed at our first undersea manned exposure. As we ap-
proached this goal, I had selected a site of operation. The
site had been studied from the point of view of five-year bot-
tom cutrent reports, daily sea states, uniform ocean bottom
depth, and minimal obstruction hazards to the aquanaut on
a sortie. To change our scene of operation and primary mis-
sion overnight might defeat the purpose of the initial experi-
ment. At least six precious days would be lost, moving us
close to the hurricane season. Important physiological stud-
ies would have to be curtailed or deleted. The ocean bottom
depths were irregular, with abrupt shelving to 600 feet near
the wreck site, and a new factor of decompression problems
could be foreseen with no means of treatment should the
divers experience bends. In addition, a four-point moor for
the YENB-12 in this location would be technically difficult
and of uncertain holding capacity, and no records of bottom
currents or daily sea states were available.

After discussion with Lt. Comdr. Roy Lanphear, project
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manager, we made a conference call to ONR and received a
sympathetic ear. Accordingly, we sent out a joint dispatch
that recommended that we stay on steady course as pre-
viously approved at all levels. The flap was turned over to
higher authority, as is the custom. Unless otherwise di-
rected, we planned to proceed to Argus Island the next
afternoon.

At this time, a phone call from the station dispensary in-
formed me that Comdr. Scott Carpenter had just been ad-
mitted following a motorbike accident, with a compound
fracture of the left arm and assorted other injuries. Com-
mander Carpenter, pilot of Aurora 7 spacecraft through
three Earth orbits in 1962, was on loan to us from the
National Aeronautics and Space Administration (NASA).
When I saw Scott at the dispensary, I realized that his terri-
bly painful injuries were nothing to him in view of the an-
guish of missing Sealab I. But after examining the X-rays,
I had to tell him that he was on the scratch sheet. Off he
went by ambulance for specialist attention at Kindley AFB
hospital, where I revisited him a few hours later by heli-
copter. My guesses were right: he must be evacuated state-
side. I promised him a permanent billet with our next
mission. i

My aquanauts, including Scott Carpenter, are truly a
breed apart. They are immensely resourceful, incessantly
curious, impervious to hazard, and impatient with the prog-
ress of the world. They are the ones who take the chances for
all humanity, who care nothing for fame but seek only the
satisfaction of battling odds and attacking new frontiers.
Scott had long been in this fraternity, and his setback was a
blow to all of us who had grown so fond of the man and
wanted him on this first run.

The weather in Bermuda turned unpleasant, A wind of
almost gale force boxed the compass with monotonous reg-
ularity; rain fell intermittently and the sea state was miser-

Sealab I (1964)

able. We decided that Sealab I could not be satisfactorily
lowered by the barge YFNB-12 with the equipment then
available. To proceed with the project, we adopted a method
of handling from the crane on Argus Island, and on 18 July,
Sealab was again ready to go.

In the course of any underwater venture similar to Sealab I,
three written reports are prepared: (1) a situation report, or
SitRep, which is a dispatch of a few words to Washington,
D.C., authorities, outlining all project successes and mini-
mizing unhappy events; (2) the daily log of the operation, an
expanded version of the daily SitRep, with a small amount
of personal commentary by the watch-stander; (3) the
Chronicle, of different caliber and texture, in which the
principal investigator records a distinctly personal evalua-
tion of the total scenario. The Chronicle is a biased account,
twisted to meet the needs of the author, but it deserves some
credence. For this reason, the following selections from my
Sealab I Chronicle are presented without abridgement or
apology, starting with the factual account of the precarious
descent of Sealab I to the bottom of the ocean.
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19 July 1964

Today the ocean was nearly calm and the wind slackening.
We had punctured one rubber boat, and two other support-
ing small craft had been put out of action. But the umbilical
cable had been installed at the unbelievable depth of 63 feet
without wetting a single component. Our planned com-
munications network had given up the ghost, and we were
running this tremendously complex procedure with the aid
of semaphore, bullhorn, runners, swimmer—messengers,
and a rare bit of mental telepathy. When a communications
system of sorts was established, messages went invariably to
the wrong stations, and were garbled in nearly every in-
stance. Meanwhile, Sealab I was being lowered under orders
from the command at the tower, while we sat in the control
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shack in the trailer, desperately trying to keep up a gas flow
adequate to prevent flooding. On occasion, we fell behind,
or at least our gauges said so, and at least twice we had
minor casualties requiring temporary interruption of gas
flow. Yet somehow we got her down safe and dry—more a
tribute to the built-in engineering safeguards of the habitat
than to our handling procedures, which were atrocious.

By early afternoon, Sealab I was settled on the ocean floor
at 193 feet, dry and with all systems functional. T breathed,
with all the rest, a prayer of thanks.

20 July 1964

The day dawned clear and glassy calm. To me and to all the
rest came the strong conviction that the project would go as
planned. No room now for pessimism; no time for aught but
to get our aquanauts into their habitat safely. We ate an early
and hearty breakfast, and began final diving activities.

Our first set of divers entered the water to repeat the in-
spection dive and to complete unbuttoning of the habitat.
They returned to report a low water level in the entrance
hatches, excellent position of the habitat, and all ready for
final ballasting, which began at once. One at a time, with
ponderous care, the great anchors were lowered to Sealab I,
delicately poised above the bins through TV control, and
placed in position, after which the divers descended 190 feet
to unshackle and allow the cycle to be repeated. It was slow,
dangerous, delicate work.

Meanwhile, word came that the first visit of reporters and
photographers was scheduled around noon for a brief tour
to observe final checkout, to interview the aquanauts, and to
witness their final watet entry. Walt Mazzone and I, as plank
owners in this long series of experiments, reserved the right
of final inspection of the habitat. Accordingly, we swam
from the barge to Argus Island in company with some large
but friendly barracuda and entered the submersible de-
compression chamber (SDC).
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With Chief Ray Lavoie as operator, we lowered rapidly to
the vicinity of Sealab I, which soon became visible with star-
tling clarity on the ocean floor beneath us. Remarkably, even
at this late hour and great depth, the international orange, or
fluorescent red, color of the habitat showed clearly. Such
clarity is contrary to divers” experience and to known laws
of physics, but there it was. The reflected light from the
coral sand on which our baby rested was remarkably bright,
and the water absolutely clear. The SDC came to a halt at
about 160 feet of depth, which meant a long breath-holding
swim of about 90 feet before we reached the shark cage and
entered the hatch to the habitat. I went first, after a last deep
breath from the area of the SDC, with Walt right behind.

The swim was beautiful, but at first a little frightening. It
was certainly the deepest breath-holding skin dive I'd ever
made, and possibly the deepest in history. Sealab I seemed a
long way off, with much interesting marine life in between. I
wondered if the back porch might be accidentally shut, or if
the shark cage might be full of large groupers, as we had
seen on TV the night before. I wondered if the hatches were
really open, or if my divers had played a grisly practical joke
on us and removed all bolts save one. The wondering ceased:
[ was in the cage, past the first hatch and rolling on my back
to enter the hatch to the living quarters, which gaped open.
I bobbed up inside, breathed a wonderful atmosphere, and
was immediately joined by Walt. We announced our safe ar-
rival in helium chipmunk voices that could not be under-
stood topside. A fast inspection of both compartments, and
we were off for a leisurely free-ascending swim back to the
SDC, blowing bubbles all the way. We surfaced, swam to the
barge and bade farewell to our aquanauts as they prepared
to descend to the ocean floor. As they submerged in the
SDC, Walt and I took our stations in Sealab control, he at
gas monitors and I in communications. Minutes passed, and
more minutes. Then a chipmunk in Sealab I began to sing
“O Sole Mio.” It was Anderson, the happy gunner’s mate.
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In the vertical mode, the Sealab I submersible decompression
chamber transported aquanauts under pressure to and from the un-
derwater habitat. In a horizontal orientation, it served as the on-
deck decompression chamber. (U.S. Navy photo)
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The Navy’s Sealab I is a 40-foot undersea laboratory now on display
at the Museum of Man in the Sea, Panama City Beach, Florida.
(U.S. Navy photo)

Five minutes later, the aquanaut muster was complete and
all hands at work. Operation Sealab I had become a reality.

21 July 1964

Walt and I are heel and toe on the watches; Walt takes the
night and I the day shift, with each of us easily slipping back
into the routine of earlier years. On the ocean bottom, how-
evet, our aquanauts have set a different watch. For them,
with exception of the single wake man, the day commences
at 0900, with activities continuing until nearly midnight.
Since most of the interesting and previously unobserved
marine activity occurs from sunset until dawn, these hours
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are tremendously productive for careful observation and
photography. Late last night, Manning observed a 400-
pound tuna feeding on schools of jacks just outside the Sea-
lab. That is probably one of the very few times such a scene
has been witnessed by a human, and it is only one of many
unusual situations that are almost commonplace to our un-
dersea observers.

Meanwhile, the aquanauts live, work, and swim, all at a
leisurely pace that, in the course of nature, will quicken to-
morrow and again the next day, until they attain a normal
pace on about the fifth day on the bottom. Such an involun-
tary initial slowdown has been our experience in all past
chamber experiments, and such was Cousteau’s experience
with his two undersea projects. None of us has a satisfactory
explanation for the phenomenon. Perhaps it is a natural con-
servation of body energy, pending an unexpected environ-
mental emergency, or awaiting the process of acclimatization
to a new environment of multiple stresses. Characteris-
tically, most mammals move slowly in the face of a potential
but undefined threat, including humans in an unnatural
surround.

Although this experiment is only 72 hours old, a tremen-
dous fallout of engineering and psychological problems is
evident, in addition to our mass of scheduled daily data.
Thus, as we had hoped, this exercise will uncover new prob-
lems in number far greater than the questions answered.
From an engineering point of view, the outstanding prob-
lems have had to do with handling a mass such as Sealab I
from a surface vessel or even from an ocean platform as sta-
ble as Argus Island. Of more interest is the fact that the ab-
sorptive properties of seawater can be made to work for un-
derwater architects in heating or cooling their houses, and in
providing and purifying the atmosphere. Medically, we have
found that, once the human body is essentially purged of its
nitrogen content, the narcotic effect of high levels of nitro-
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Navy diver Bob Barth tests an electrically heated, lightweight wet
suit. (U.S. Navy photo)

gen is markedly increased. This phenomenon has consti-
tuted a serious hazard in the present experiment, where the
men have been obliged to work for short periods in com-
pressed air at the relatively shallow depth of 187 feet. Unex-
pectedly, after 24 hours of undersea existence, the aqua-
nauts became severely narcotized upon entering the air
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space. So much was this a threat that it became necessary
today to dilute the air in this space equally with helium, and
to do likewise with the air in the open-circuit scuba bottles
used by the aquanauts.

Incidentally, I am again a papa. Back in the days of Gen-
esis, [ was Papa Gen and my subjects Genitalia. Here I am
Papa Topside. It is strangely comforting to sit in Sealab con-
trol, listening to our pioneers and watching them around the
clock, feeling that they are as safe as seven years of hard
work and planning could make them, and knowing, too, that
we have only turned the first page of a potentially great
chapter in human achievement.

27 July 1964

All things considered, it is time to terminate the bottom stay
of the aquanauts and to commence decompression, provid-
ing weather conditions are nearly ideal. A good many factors
enter into this decision, but the one of overriding impor-
tance is weather, as each passing day drives us a bit deeper
into the hazardous hurricane season. Last year, Hurricane
Arlene hit here with full force on 5 August, bringing 70-foot
waves to Argus Island and damaging much of the structure.
More important, the area had only 3 hours’ warning of the
direct hit—far too little time for protective measures for
our aquanauts. While Sealab I would undoubtedly ride out
such a blow very nicely on the bottom, our surface support,
on both the barge and Argus, would probably be eliminated
for days, if not weeks. Moreover, by compressing our sched-
ule, we will soon have acquired all the physiological data
that we can process with any degree of success. Extension of
time to the planned twenty-one days would lengthen our
curves, but would not likely produce much more of value, A
very long stay of at least sixty days would be required to give
results for a “chronic” experiment, and this we cannot do at
this time. Although we have priority to dislocate other im-

Sealab I (1964)

portant Navy projects for our requirements, the wisdom of
doing so is questionable. In the years to come, successive
Sealab projects will have to live with other Navy bureaus,
and it would be unwise to create friction on the first opera-
tional venture,

29 July 1964

On this day, unfavorable weather predictions prompted ter-
mination of the experiment, and at midnight Sealab was
lifted off the bottom. The rate of ascent was 1 foot every.20
minutes and was uneventful until about 110 feet, when wave
forces began to make themselves felt again. We stopped the
ascent at 100 feet for several hours, hoping for abatement of
the seas, and finally started it again. Sealab was brought to
81 feet, at which point shock loads of 20 tons were being put
on the crane, and further ascent was not considered safe.
The aquanauts were transferred to the submersible de-
compression chamber and brought up on Argus Island. Sea-
lab was floated off on the same four buoys that had been
used to transfer it to Argus Island and was brought astern of
the YFNB-12. Ballast weights were jettisoned until positive
buoyancy was attained and Sealab floated. Once on the sur-
face, it was secured for sea and towed back to port.

1 August 1964

Like all natural phenomena, any human experiment, after
its conclusion, continues to send out backwash vibrations
that decrease exponentially, as with the ripple pattern on a
millpond surface. So it is with human physiological and
emotional circadian wave patterns after a prolonged period
of artificial living and unrelenting stress. For the aquanauts
and topside scientific observers alike, the days following the
successful completion of the project had slowly receding
patterns of activity and rest; of mental activity and emo-
tional boredom; of hunger for, and satiation with, the com-
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pany of fellow men; and finally, of happiness and marked
irritability, Personally, T had an overwhelming desire for soli-
tude and the opportunity for introspection. I sensed that the
others felt the same. None of us, however, had much oppor-
tunity for privacy, the requests of the news media being what
they were. So we were all a bit short-tempered and impa-
tient with the multiple intrusions on our brief hours of
solitude.

For my part, I had a great deal of writing to complete, and
each interruption broke the continuity of my thought. To
me, there was a great sense of urgency about making a writ-
ten record of Sealab I before my impressions became flat-
tened by the passage of time. For Walt Mazzone, the best
outlet was to assume responsibility for packing and ship-
ment of all Sealab gear destined for return to New London
and for arranging return travel details for the project per-
sonnel. When he met with postexperiment apathy and he,
too, became irritable, a degree of alienation occurred be-
tween investigators and subjects. But we are all bound to a
common cause and we like one another very much. For a few
days after any experiment such as Sealab, we should each
look in a different direction until the feelings pass.

4 August 1964

Today a planeload of admirals and captains was to arrive
from Whashington, D.C., with journalists from all the major
newspapers. Extensive preparations had been made for this
session, the climax of all the Sealab I press conferences. The
stage would be set in the outdoor theater and martial music
would pitch the emotional tenor of the occasion. Before
dawn, I was awakened by peals of thunder and blinding
lightning flashes. An unpredicted squall had struck Ber-
muda, accompanied by lashing rains. By breakfast the rain
had abated, but not for long. By the time the plane from the
capital was due, torrential rains were falling and visibility
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was zero. We switched our press conference site to a spa-
cious air hangar near the heliport, where a shaky platform
was installed and a public address system hooked up. I
tested the microphones in the reverberant hangar we had
chosen and found that the echoes produced were of quality
equal to those I had enjoyed as a student on the campus of
my old military school, Posey, located on the Alpine slopes
of Zweisimmen, Switzerland. On the whole, the sensation
was not unlike being in a giant echo chamber. Strangely, the
press seemed content, perhaps because if they missed an an-
swer on the first bounce, at least a score more opportunities
were presented before the words died away in a simple roar.

The questions posed were sensible, and the responses re-
laxed and informative—at least, up to the point at which
Andy Anderson, gunner’s mate, took the microphone. Andy
has a fantastic vocabulary, not one word of which is accept-
able in polite society. When he was called to speak, many of
us felt a real need to be elsewhere. Yet talk he did, and with-
out so much as a whisper of blasphemy, profanity, or vul-
garity. As we watched in awe, Andy sweated each word, visi-
bly sorting through his repertoire in search of acceptable
thetoric and syntax. He pulled it off, though his pauses
tended to accentuate all the scurrilous four-letter words that
he detoured. At last it was over, but the strain on the man
was obvious; possibly this was his longest printable com-
munication since he was weaned.

Finally, the visitors’ buses cranked up and we were alone.
I entered the bar at the Officers’ Club wearing my hat, and
was charged with a round of drinks according to naval cus-
tom. Somewhat later, I bought a bottle of sparkling wine to
romance my wife on her imminent arrival and returned to
bachelor officers’ quarters (BOQ), where I lay down and
slept serenely for 16 hours.
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(August 1964—August 1965)

Sealab I was over. OQur data were complete. It was clear that
prolonged manned undersea ventures were practicable and
relatively safe, perhaps at much greater depths. The job was
done, the reports were written, but the future was bleak. We
were only a handful of determined pioneers, somewhat
shaken by our inability to handle the mass of Sealab in the
open sea, completely out of money, and facing a bureaucracy
that would have been content for us to return to matters of
operational importance. The Office of Naval Research had,
with difficulty, absorbed the financial brunt of Sealab I, but
there was no budgetary provision for extension of the proj-
ect—nor were there other decent prospects for future
funding. The Bureau of Medicine and Surgery, although
lately cheering from the sidelines, had no intention of pick-
ing up the tab for further work, and the tab, by my estimate,
would be very large.

Back once more in New London, my assessment of the
situation was realistic: we had accomplished an exceptional
exercise, but we would not have the financing to extend out
diving and working depth to the average depth of the conti-
nental shelf—about 600 feet.

But three of us could not drop the torch. Bob Workman
continued his work at the Experimental Diving Unit; Walt
Mazzone applied his newly acquired physiological knowl-
edge to our lab program; and T worked alternately as boss of
the outfit and doctor—instructor in the submarine escape
training tank—back again to my original training and first
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love. Sealab II seemed far over the rainbow. Then I learned
that public concern over our apparent inability to locate the
remains of a sunken nuclear attack submarine had drama-
tized the need for the Navy to develop diving and opera-
tional competence in deep water. Heartbreaking as the loss
of the USS Thresher was for the families and friends of the
men who went down with het, the lessons learned from this
tragedy led to the essential Man-in-the-Sea Program for the
U.S. Navy.

My role in this program began unexpectedly in August
1964, a month after the wrap-up of Sealab I. I was in the
Washington, D.C., area to accompany my mother-in-law to
Bethesda Naval Hospital for major surgery and to remain
for several days until her successful recovery was assured.
While I was in Bethesda, in came a call from my old friend
and commanding officer, Rear Adm. Walter Welham. Would
I attend a conference with him in the office of Rear Adm.
“Pete” Galantin? My answer, of course, was yes.

Admiral Galantin’s workshop was spacious and quite
worthy of occupancy by the director of Special Projects. Af-
ter introductions by Walt Welham, Admiral Galantin or-
dered a round of coffee, made a pleasant comment about
the Sealab project, then dropped the bomb: “George, the
DSSRG [Deep Submetrgence Systems Review Group] rec-
ommendations have been approved and the whole program
awarded to us here in Special Projects. I want you to direct
the medical end of the Man-in-the-Sea effort.” With bog-
gled intellect and swirling senses, I gasped out a quick ac-
ceptance. Almost immediately; plans were put in motion to
design a new, improved habitat and to select and train more
than a score of aquanauts.

Sealab IT would be an underwater house capable of shel-
tering ten aquanauts at a depth of about 200 feet for a pe-
riod of thirty days. The habitat’s optimum size would be 50
feet long and 12 feet in diameter, with four separate areas: an
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entry, laboratory, galley, and the living space. As the atmo-
sphere would be predominantly helium, extra insulation
would have to be provided. Temperature would be held at
88° F and humidity at 60 percent relative. The Hunter’s
Point Division of the San Francisco Bay Naval Shipyard
would design, construct, and outfit this new marvel of the
undersea world.

The selection of Hunter’s Point was based on the yard’s
experience in building submarines and its willingness to un-
dertake the job for completion in the specified time of four
months, which would be nothing short of a miracle. Lt.
Comdr. Malcolm MacKinnon III, USN, assistant planning
and estimating superintendent for submarines, took charge.
It became apparent to him early on that this operation was
going to proceed under a different set of ground rules than
those he was accustomed to. Clear-cut specifications and
contract plans were nonexistent. Basic design decisions were
made and production was often started from as little as a
pencil sketch scrawled on a paper napkin during lunchtime.
He frankly described the project as “a bootstrap operation
all the way” and brought the full range of his engineering
expertise and considerable common sense to designing and
fabricating the vessel from our wish list.

Right at the outset, MacKinnon conceded that the nature
of the Sealab project, primarily research and development
involving a large number of people and activities, made de-
sign of the habitat a nightmare in systems engineering, in
that each decision either required interaction with, or was
governed by, other members of the project team. In addi-
tion, the guidelines we advanced to him, based on feedback
from the difficulties encountered in Sealab I, were unique
in terms of provisions for personnel safety and physical
comfort, which he held paramount throughout the design
process.

As a result of the flooding that we had experienced more
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than once in trying to lower Sealab I while simultaneously
keeping internal gas pressure slightly higher than hydro-
static, we asked that the new habitat be capable of being
fully pressurized to bottom pressure prior to submergence.
MacKinnon noted that, with this requirement for full work-
ing pressure within the habitat while still on the surface,
Sealab II had to be an internally nonfired pressure vessel
under the American Society of Mechanical Engineers boiler
code. The cylindrical shape, moreover, required an ellipsoi-
dal dished head at each end, and the threat of a national steel
strike meant that the ellipsoidal dished heads were not avail-
able commercially within the short delivery time of thirty to
forty-five days. The shipyard thus entered a new field of en-
deavor: the underwater explosive forming of large steel sec-
tions. Fortunately, however, several small-scale steel pieces
had been successfully formed using this process at the
Navy’s West Coast Shock Testing Facility, conveniently lo-
cated within the shipyard. Meeting the challenge head-on,
MacKinnon decided to make a quantum jump from the small,
simple pieces previously fabricated to a 12-foot-diameter,
1-inch-thick, mild steel section with complex curvature.
Happily, the results were phenomenally good and only mi-
nor straightening in certain areas was required.

To eliminate the disasters encountered with Sealab I in
the submerging phase, MacKinnon designed the habitat
along submarine principles. The variable ballast would be
water, providing stability during all phases of submergence,
as well as negative ballast on the bottom to ensure firm seat-
ing. The Naval Ordnance Testing Station in Pasadena devel-
oped an ingenious winch-counterweight lowering system to
make feasible the controlled lowering of Sealab II against
negative buoyancy. The necessary negative buoyancy would
be obtained by flooding tanks 1 and 3 and the conning
tower. A remote-reading level indicator measuring pitch an-
gle and list would be monitored during descent to effect
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propet bottom positioning. When the bottom position was
deemed satisfactory, tank 2 would be flooded by surface div-
ers, making Sealab II ready for our aquanauts.

To raise the habitat, the resting pads would be washed
clean to break any suction and tank No. 2 blown dry. The
lowering process would then be reversed, hauling up the
5-ton negative buoyancy. When the top of the conning tower
appeared at the surface, the conning tower would be blown
dry and Sealab II would float at the midheight of the con-
ning tower. The pressure would then be released from inside
the habitat, blowing tanks 1 and 3, and Sealab would float at
1 foot, 8 inches freeboard, her normal surface condition.

The end result of Lt. Comdr. MacKinnon’s efforts was a
magnificent piece of engineering. Almost precisely one year
after completion of the Sealab I experiment, we had a
brand-new habitat, to be placed at 205 feet on the edge of
Scripps Canyon, several hundred yards offshore La Jolla,
California. In contrast to the warm, clear waters of Ber-
muda, our undersea environment was cold, dark, and
damned hazardous. Our primary source of surface support
was an improvised catamaran originally configured to assist
in the initial Polaris missile underwater launchings off San
Clemente Island. Many modifications were made in the ves-
sel, including stowage for the personnel transfer capsule
(PTC). It was the means of returning the aquanauts to the
surface. The men entered the PTC and, by closing the bot-
tom hatch, trapped the ambient bottom atmosphere and
pressure. The ascent was then made using a winch on the
staging vessel. At the surface, the capsule was transferred to
a crane, which lifted it clear of the water and into position
for mating to the deck decompression chamber (DDC). The
pressure was then equalized between the PTC and the
DDC, and personnel were transferred to the larger DDC for
decompression. The PTC could also be used in an emer-
gency if the habitat had to be vacated; it was kept on the
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bottom with a clump of lead weights. When the weights
were cast off, the PTC, under positive buoyancy, could be
raised and restrained by a rachet mechanism; a cable was
firmly attached to the ballast clump. If necessary, decom-
pression could take place inside the PTC on the surface. A
small diving bell was provided for short-term excursion
dives to the habitat by surface support divers. In addition to
the staging vessel, the salvage ship USNS Gear and various
service craft would be available if needed.

By July 1965, I had at last finished with the travel, confer-
ences, and desk work associated with the planning of Sealab
IL. T joined the project members on station at the Long
Beach Navy Yard, California—the finest group of men who
could be gathered for this project. We stood nearly four
hundred confident people, funded to more than twenty
times the extent of Sealab I, and with the interest of our na-
tion and our Navy supporting us. It struck me that the whole
story of Sealab had been a tale of difficult escalation against
seemingly hopeless odds. My first proposal had been re-
jected with the curt official remark that it was ill-conceived
and impossible to accomplish. I was admonished to work on
matters of operational importance. At last, eight years later,
we were underway.
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10 July 1965

Things are moving along at a good clip, with the staging ves-
sel getting a badly needed coat of paint, the audiovisual
trailer control being outfitted, and equipment rolling in
from every direction. After a new suit of paint, the staging
vessel, renamed the Berkone, after the combined names of
Joe Berkich and Walt Mazzone, will look as good as any stag-
ing vessel can, Walt and I are pleased with our accommoda-
tions topside, where the decor reminds me of Voyage fo the
Bottom of the Sea.

This has also been a time of waiting, retreat, and self-
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assessment by everyone connected with the program. A few
weeks ago, in the depths of North Carolina’s Linville Gorge
and Gingercake Gap, I had the opportunity to study the
stars, the universe, and my own soul in solitude. I find that
each one of us in the program goes through his own reach of
self-examination. In many cases this scrutiny is postponed
by the excuse of late, wild hours of play or by impulsive,
prolonged hours of work. But each one of us, it is hoped,
will find a time to square this enterprise with himself and his
God.

Shortly after my arrival at Long Beach, Capt. Jack Dolan
came by for a fast walk through Sealab II and a brief conver-
sation, Like myself, he is dumbfounded by the escalating
cost of the project, and rather articulate on this point, un-
doubtedly a sore one throughout the Deep Submergence
Systems Program (DSSP). To me, the whole matter of cost
estimates and program management is a closed book and
probably one that I will never open with any degree of suc-
cess. To me, it is fun to run a program, but I find managing
one to be a tricky system of double-entry bookkeeping. A
financial manager does not bear responsibility for the end
result. Unlike the investigator, the financial manager is not
expected to identify with the emotional demands and physi-
cal rigors of the divers and support people. I find it impos-
sible not to have empathy with the doers, and it shows in my
management.

16 July 1965

This day was not improved by the sad spectacle of Adlai
Stevenson’s funeral services in our nation’s capital. I
couldn’t help but speculate that had the nation seen him in
action as a public servant as in his later years, rather thanasa
campaigner, we would have better measured the worth of
the man and he would have been a runaway favorite for
president. Adlai Stevenson served his country and mankind
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in a superlative fashion, and his mark in history is assured.

Now come the people problems that have to be antici-
pated in the latter stages of a project. From every quarter I
am told of apparent conflicts of management and control of
vital program elements, team personality conflicts, and
alarms and loud noises all over. Much of this I have provided
for, yet a few people in the program feel a compulsive need
to uncover new (to them) problems, often only to underline
their own personal value in the program. For this very rea-
son, I established clear-cut lines and areas of responsibility
months ago. This day alone, I received several false reports,
any one of which, if true, could have stalled the project. All
were Incorrect; more important, not one was checked out
before being brought to my attention. Tomorrow, the tempo
will again increase. After next week, we are locked in, with
the job in its final phases of acceleration. No more time,
then, for reflections or second guesses.
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20 July 1965

A call from Capt. Jack Bennett concerned his efforts to
change our billets (assignments to duty) from temporary ad-
ditional duty to permanent assignment for the duration of
the project. Jack worked hard on our behalf just before his
transfer, and he was assured that our billets would be imme-
diately forthcoming, Alas! When his back was turned, so
were the tables, with a prompt return to status quo. I plan to
visit briefly with him in San Diego, and to have Scott Car-
penter join me in a presentation to a group of young officers
at Ballast Point. Scott, happily recovered from the motor-
bike injury that prevented him from taking part in Sealab I,
will serve as a team leader for thirty days in Sealab II. Scott
is the first American aquanaut—astronaut and one of very
few people I know with the required charisma, knowledge,
and experience to endure the tests he will undergo during
his month at the bottom of the sea.
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Today, more news that the Bureau of Medicine experts
will require added paperwork relative to my crew selection
and other items. The hour grows late, and shuffling papets
at this point could do real damage to the program, but I
make the effort to comply because I can do nothing better
in the interest of the project. These late-season willies are
also apparent in the Special Projects Office, where I will be
required to justify at length a number of critical program
features T had considered to be accepted fact. I sense a great
deal of BuShips influence in these negative developments
and predict that considerable effort will be expended to
prevent our use of the MK I swimmer propulsion unit, ’'m
keeping my fingers crossed for a favorable hearing.

It is because of the ultraconservative, nilhilistic attitude of
many people in the Navy that diving practices and capabili-
ties made no appreciable progress during the past quarter
century. Now comes our operation, and backsliders set into
it with a will, perhaps because it shows up their own un-
imaginative programs. But we have made progress and will
continue to do so. Our project has too much intrinsic merit
to suffer defeat because of petty personal jealousies or bu-
reaucratic politics. Still, it would be an easier and happier
road if we didn’t have to fight every step of the way.

23 July 1965

Today Sealab IT was christened. At first blush, things
seemed to be in reasonably good order. That in itselfis a bad
omen in any of my projects. It is the simple, straightforward
situation that will inevitably parlay into tragedy or worse,
The morning press conference was scheduled in a working
area of the shipyard directly in front of the impressive mass
of Sealab II. A battery of microphones was set up for all
major networks, and TV cameras were appropriately placed.
All hands were properly garbed, and the setting seemed
ideal. At this point, the situation began to deteriorate.

S T
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Commanding officers on two of the nearby Navy fighting
ships made a decision to test their radar equipment. Ordi-
narily, these test sweeps are innocuous enough, but on this
day they were unerringly tuned to the frequency of our pub-
lic address system. The result of this combination was a se-
ries of waves of nerve-shattering sound sweeping the area at
15-second intervals. Angry protests were relayed to the com-
manding officers of the offending vessels, but without re-
sults, save for a few clearly audible and unprintable retorts
asserting their prerogatives to test equipment. The news
conference continued, with each speaker trying to time the
words between decibel blasts and being consistently out-
guessed by radar operators, who changed their timing on
each sweep.

Ultimately; quiet was restored and a deadly silence blan-
keted the scene, punctuated only by two wildcat chippers
who had found a piece of steel to hammer. Capt. Lew Mel-
son presented a general rundown of our program. Speaking
without notes, he started off splendidly, but later the factual
material assumed a life of its own in the media. I heard that
the operation would take place ## the Scripps Canyon, that
the habitat would be located at 215 feet (we had slipped
10 feet downhill), that Sealab II had gained 25 tons since
yesterday, and that we would provide all gas requirements
from the staging vessel. (This may not be an exact record of
the appatent errors, but the facts came out distorted that
way in the news.)

The christening ceremony itself came off quite well. Capt.
Jamie Adair led the show with exceptional ease and grace.
The parade of the colors was moving and the benediction
more so, as a splendid band played a muted Navy hymn
throughout. I wept unashamed and not alone. Next, a beau-
tifully prepared speech by the Secretary of the Navy, a
smashing blow on the nose of Sealab II by Heidi Nitze, a
concluding prayer, the retiring of the colors, and the show
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was over. Our aquanauts and the supporting team were
magnificent throughout a great day.

24 July 1965

Our Sealab IT crew is largely handpicked and, in my opin-
ion, the most highly motivated and best trained group avail-
able in the U.S. Navy. However, they possess complex per-
sonalities and are prone to development of prima donna
attitudes with minimal provocation. To an extent this is
healthy, since they must see themselves as a breed apart if
they are to perform at maximum efficiency.

Since the tragic chamber fire at the Experimental Diving
Unit last spring, which brought instant death to two of the
Navy’s finest divers, one of the aquanauts has shown a
marked recurrence of outbreaks of his latent rebellious atti-
tude against authority. This is not a new attitude for A, as 1
will call him, but I believed that he had whipped himself
into line and would fit into our command structure without
further outbreaks. I was dead wrong. After we arrived at
Long Beach, and without any advance warning, A chose to
challenge authority. The instrument was simple—as uncom-
plicated as the reasoning of the aquanaut: A refused to par-
ticipate in morning physical training. When directly ordered
by Comdr. Scott Carpenter to join in, he disobeyed the or-
der. When Scott attempted to reason but got nowhere, he
disqualified A from the aquanaut team.

For reasons apparent only to himself, A thought that I
would take his part and overrule Commander Carpenter.
Further, he informed Scott of this belief as an added goad to
authority. I was told of the situation, reassured Scott that I
agreed with his decision, then sought to get hold of A, with-
out success. He evaded me throughout the night, and was
absent during the christening of the habitat yesterday.

At long last, this afternoon he became available, thanks to
Navy divers Bob Barth and Wilbur Eaton. A and I had a
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closed session at the motel. I pointed out the obvious fact
that he had let down the aquanaut team, himself, and me. I
then tried to ferret out the reasoning behind his misbehav-
ior. His answers were devious, specious, and loaded with
rationalizations and self-pity. Finally, I asked him to look
within himself and stand ready to talk with Scott and me
tomorrow, anticipating dismissal from the program at worst,
and retention as a surface support diver at best.

As a sad clincher, today I received a personal note from
A’s wife, noting that A would be on the bottom during his
birthday and asking me to send him a cake and sing “Happy
Birthday” over the communications system. How to answer
a proud wife who has agreed to a most hazardous venture
for her mate? Can I send this man back, branded as a quit-
ter, or should he be retained in some minor capacity, pet-
haps to damage the morale of our remaining aquanauts?
The decision is mine, and the isolation of command grows

by the hour.
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26 July 1965

Shottly after lunch, Scott, Walt, and I held a final conference
regarding aquanaut A. When we agreed that it was best for
the man and the program that he dissociate from the project,
Whalt came up with an excellent suggestion. Since a relief was
required for diver Bob Sheats at the Torpedo Station before
he could be released to us, let us send A up to relieve Sheats.
The Torpedo Station would thus be getting an outstanding
substitute diver, and Bob Sheats would be available to us
early in the game.

And so it shall be. If all goes well, I will have A relieved in
time to join us as surface support for the third run, when the
situation and the personalities will have mellowed. He is a
valuable diver who must learn to solve his problems without
revolt against authority. When I gave my decision to him in
private, he accepted it in good grace and with humility.
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Today Paul Cohen of Spetry came by with news of his
physiological telemetering system, which sounds very good
indeed. We went over the prints, then checked out our vari-
ous recording systems for compatibility. It now appears that
we may be able to telemeter or record a free-swimmer’s
physiologic responses using three separate systems. Even if
only one system works, we are ahead of the game,

Documentation, both before and after the fact, is vital to
the success of any project of this magnitude. It is, however, a
dreary pastime and no less frustrating in the light of certain
knowledge that all carefully spelled-out procedures will in-
variably be subject to daily and often drastic change. Still,
without a suitable frame of reference, chaos would be com-
pounded. It is during this period of agonizing reappraisal
that the long, painful moments of doubt put in appearance.
Now we begin to consider not what we have carefully planned
for, but rather what factors we have overlooked, perhaps be-
cause they seem so evident as to obviate need of documenta-
tion. We know that the risk of getting “bent” is the monkey
on the back of every diver. The condition known as bends
occurs when pressure forces into divers’ blood streams part
of the gas mixture that they breathe. When pressure drops
inappropriately during ascent, the gas may emerge from the
blood in the form of bubbles, causing such excruciating
pain that the diver “bends” over in agony. The condition can
be fatal. The responsibility for preventing any incidence of
bends in our aquanauts during decompression lies squarely
in my hands.

Two areas are of major concern to me at this point: the
possibility of a communications breakdown and the proba-
bility of an aquanaut breakaway phenomenon. Against the
former contingency, we have developed and are using the
finest possible array of modern new equipment. Yet diver-
to-diver and diver-to-surface communications have never
been reliable, and it is difficult for me to believe that they
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will work this time, after so many failures in the past. Ac-
cordingly, I have calculated all my procedures to allow for
total failure of these two communications links. The second
hazard, aquanaut breakaway from topside control, cannot
be fully predicted, but may be partially avoided by precept,
prayer, and brainwashing my subjects. Further I cannot go.
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27 July 1965

Scott and I had a poolside conference this afternoon to re-
solve the details of the day. He sees many similarities be-
tween the Man-in-the-Sea Program and the Manned Space
Flight Program. The problems the engineers faced in de-
signing the first closed systems for the Mercury spacecraft
were very similar to the problems we face on Sealab. Both
require the same types of machinery, in many cases the same
chemicals, the same accuracy of monitoring equipment, and
the same redundancy of backup systems. Scott sees a need
for us to design and follow a well-planned selection and
training process for the Navy’s Man-in-the-Sea Program, as
stringent as the program designed for space flight crews.
The reasons for this are glaringly obvious. Considering the
weight of seawater, the pressure differential imposed on the
aquanaut diving to only 33 feet in depth will exceed that
imposed on the astronaut walking on the surface of the
moon. Again, comparing decompression problems, the as-
tronaut can be guaranteed protection against bends through
proper denitrogenation in all but the most severe accidental
circumstances—such as rupture of the spacesuit during ex-
travehicular activity. But for the aquanaut, exposed to high
ambient pressures of inert gases over varying periods of
time, there is virtually no guaranteed protection against
bends, and the cure for this dreaded disorder is not simply a
return to atmospheric pressures of sea level, but the applica-
tion of added pressure, often many times that of the original
exposure, It is a stunning fact that in the year when an as-
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tronaut was able to emerge from his capsule into the near-
vacuum of space more than 100 miles above the earth, the
free-diving aquanaut could descend only about 300 feet be-
low the surface of the ocean.

Although Scott calls himself a “dry-land Colorado boy,”
he has been fascinated by the sea since his first tour in the
Navy which, like me, he spent in Hawaii. “I began to do
some diving,” he said, “and it grew on me, as it does on
some.” The problems originating from isolation and confine-
ment, experienced by both astronauts and aquanauts, don’t
concern him as much as the problems in maintaining en-
vironmental control of a closed ecological system. The as-
tronaut has a relatively simple single-gas oxygen supply,
whereas the aquanaut requires a multiple-gas mixture, syn-
thesized in proportion to pressure and often having ex-
tremely low percentages of oxygen. Although these dif-
ferences exist, control of the breathing mixture remains a
common denominator of both programs. Scott noted that
NASA is now able to simulate an entire range of environ-
mental systems, as far as the atmosphere is concerned, and
the Manned Spacecraft Center in Houston has a stable of
simulators that out aquanauts would find incredible. NASA
can accurately duplicate the conditions that the humans on
the moon will find and can train their subjects in these simu-
lated conditions. In fact, Scott said, by the time they get a
crew of astronauts on the moon, some will already have been
there for all practical purposes. But this degree of simula-
tion, unfortunately, does not yet apply to our assault on the
ocean floor.

Another concern we both share is the human—machine
interface, where good basic design and fabrication resultin a
reliable machine that is safe to operate, easy to control, and
reasonably comfortable to live with for long stretches of
time, in confined areas. “Nuclear boats are great,” Scott
agreed, “although I think nothing today approaches the
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compatibility of the man and the machine that is found in
modern jet aircraft and modern spacecraft.”

In further extension of the comparison, we readily see
that small-group interaction, captive atmosphere contami-
nant control, sensory deprivation or alteration, stress phe-
nomena, and a host of other problems not directly related to
the engineering obstacles harass both programs. If, right
now, we had the capability to put free-ranging divers to a
depth of 600 feet, we would open up the continental shelves
of the world, which are 2 million times closer than the sur-
face of the moon. We know great abundance of food lies
there. But the implication of this fact has not yet b