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Introduction

HIS paper presents the economic and technological frame-

work within which advanced underwater systems will fit.
Any manufacturer-developed underwater system must meet
reliably the needs of a customer who has the financial capabil-
ity to capitalize on its use in performing a particular mission or
carrying out some operation. The ocean-based system must
compete economically with existing and possibly land-based,
airborne, or satellite systems. In addition, the hardware and
vehicular subsystems must conform to existing or readily
acquired design and fabrication capabilities of the company
designing the system, based on a reasonable extension of past
performance and experience.

Water-based systems are unusually attractive in exploiting
the ocean’s resources whenever land-locked sources are in the
processof being rapidly depleted or possibly are not sufficient to
meet an increasing demand. Also, advanced underwater
systems may fill an operational void, particularly when the
needs of the nation and the military are extrapolated, con-
sidering the significant advances being made and systems that
are becoming feasible through marine technological innova-
tions.

To establish the required framework for advanced under-
water systems, it is necessary 1) to examine the probable
financial commitments and system requirements of potential
governmental and industrial customers engaged in exploiting
the sea for political, military, commercial, or recreational
purposes; 2) to assess briefly the capabilities and past
experience of the aerospace industry as applied to underwater
systems development; 3) to examine the state-of-the-art of
marine technology; and 4) to consider a representative group
of missions and operations. From this framework, we hope to
determine which advanced systems, component vehicles, and
associated hardware should receive a more detailed feasibility
study. These considerations are examined in further detail
in the following sections of this paper.

Potential Customers

The techniques needed for designing and fabricating outer
and inner space vehicles are very similar in many respects, but
the organizational/economic framework for the exploitation of
the oceans is somewhat diffecrent from that needed for the
exploration of outer space. The huge capital investment in
proportion to the relatively meager financial gains expected
from outer space activities requires almost complete funding
by the U.S. Government with industry supplying contracted

hardware and services. The benefits are strictly of an in-
tangible nature such as national prestige, advancement of
scientific knowledge, and military potential.

These benefits certainly will also acerue from oceanographic
work. However, where technology has advanced to the point
of demonstrating feasible, commercially adaptable systems,
economic incentives should draw industry to participation in
their further exploitation.

Industry has made large capital investments in developing
and harvesting the more accessible resources of the sea and has
demonstrated its tacit acceptance of responsibility in this
area. Industry’s efforts in this direction have been greatly
assisted by the U.S. Navy’s extensive operational experience,
basic research, and support of education associated with its
prime responsibility, i.e., national security. Also, numerous
nondefense governmental agencies have contributed signifi-
cantly to the present level of oceanographic knowledge.
Thus, the Presidential Panel on Oceanography! has recom-
mended a continuance of this three-way split of responsibility
regarding undersea activities: 1) U.S. Navy—national
security, 2) industry—commercial exploitation, and 3)
governmental agencies (nondefense)—additional services.

The annual expenditures by the governmental agencies
engaged in oceanography, along with the capital investment
and annual sales of representative industries committed to
exploiting the oceans, provide the economic framework within
which the national oceanographic effort is operating. Federal
expenditures for marine sciences and technology are presented
in Table 1. Industry’s participation is shown in Table 2.

Table 1 indicates that a large proportion of the available
government funds for oceanographic purposes is being used
by the Department of Defense (primarily the Navy), a
substantial share of which is allocated for the Deep Submerg-
ence Systems project. The sizable commitment to exploiting
the sea by industry, in particular the petroleum industry, is
readily apparent from Table 2.

At present, there does not seem to be any impending spec-
tacular achievement by the Soviet government within the
marine sciences which might require an order-of-magnitude
increase in the U.S. funding of oceanography. Therefore,
the Presidential Advisory Panel on Oceanography has recom-
mended a rather modest $150 million increase in governmental
spending mainly in research and the Navy’s security-related
oceanographic efforts. The panel has not seen the need for
extensive reorganization within the government to create
an inner space agency comparable to NASA, but rather
envisions combining some non-Navy oceanographic activities
under one agency. This agency would be responsible for the
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description, prediction, environmental modification, and
development of the ocean’s resources. The new agency would
bring under one organizational roof:the Environmental
Science Services Administration (ESSA), Geological Survey,
Bureau of Commercial Fisheries and (Undersea) Mines, and
some of the Coast Guard’s oceanographic activities.

Whether any or all of the panel’s recommendations will in
fact be carried out, and in what final form, only future de-
velopments will tell. In any event, it seems probable that the
Navy’s support through the Office of Naval Research (ONR)
and its laboratories will continue. During 1968, the National
Science Foundation began implementation of university
support through the National Sea Grant Program which is
oriented to develop information and processes to assist indus-
tries in the development of the resources in the oceans,
particularly in the shelf areas. Funding was $5 million during
the 1968 fiscal year. This is scheduled to increase to $6
million for 1969 and $15 million for 1970.

An alternative approach that has received some considera-
tion is to expand NASA to encompass oceanographic activi-
ties, thus unifying and broadening the base of technology by
means of a balanced search for scientific knowledge on all
frontiers, including those of inner and outer space. The
advantages of such an approach are as follows.

1) A minimum of organizational disruption. Most de-
partments within NASA would merely expand their areas of
responsibility in a natural way either by broadening their
capabilities, redirecting activities, and/or by adding oceano-
graphic specialists where needed.

2) TIf the necessary funding for oceanographic activities in-
creases at the same time as that for outer space activities
decreases, then the over-all shift in funding would be within
the same organization and would be noticeable only as a shift
of emphasis to other national goals.

3) The existing contractual relationships would remain
intact between the government and those aerospace companies
that are developing the required capabilities for the design and
fabrication of hydrospace vehicles.

This, then, is the present and possibly the future framework
within which any advanced underwater systems must develop.
There is obviously a great need for new methods as well as the
combining of existing techniques to solve a number of im-
portant problems facing the nation and the world, particularly
the following.

1) The increasing demands of an expanding population for
food can be met by improved systems applied to harvesting
the vast fish-protein resource of the sea.

2) The world’s mineral needs are in part being met through
the present exploitation of petroleum and gas beneath the
continental shelves, and the ocean may in the future yield
increasing amounts of other minerals and chemicals as well.
However, new techniques are needed to solve the adverse
weather threat to offshore installations and to extend petro-
leum exploitation to the land beneath the open oceans.

Table 1 Federal oceanographic program budget

1967, 1968, 1969,
Department or agency $ X 108§ X 108§ X 108
Defense 278 257 298
Interior 64 74 76
National Science Foundation 25 38 41
Commerce 35 38 38
Transportation 8 11 33
Atomic Energy Commission 11 13 12
Health, Education, and Welfare ] 6 8
State Department 51 5 5
Agency for International
Development 2 3 3
Smithsonian Institution 2 2 2
NASA e 2 2
Total 438 449 518
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Table 2 U.S. industry oceanic exploitation

Capital Annual
investment,  sales,
Industry $ X 108 $ X 108
Petroleum (o1l and gas) 12,750 910
Mining
Sand, gravel, and shells 50
Sulfur 35 37
Platinum dredging 2
Chemical (minerals from sea water) 300 117-127
Desalinated sea water 8
Fishing 1,400 500
Maritime
Marine engineering (shipbuilding,
salvage, and harbor work) 2,500
Transportation (freight, passenger,
and port income) 11,500
Secondary outlays (trade employment
and income) 8,000
Recreation (boating, diving, ete.) 4,000

3) By proper pollution control, the recreational potentiali-
ties of the seas, seashores, rivers, and lakes may be used to
help satisfy the needs of our expanding population’s increase in
free time. All of these problems demand our return to the
sea with renewed interest and require the development of the
systems, advanced underwater configurations, and the tools
ultimately necessary for their solution.

Inner/Outer Space Technology

Much of the experience that industry has gained in extend-
ing technology into outer space can now be applied to solving
the problems of inner space. The solutions to these problems
are being facilitated greatly by using the systems and opera-
tions analysis techniques which have been highly developed
in their application to outer space systems. For example, the
operational techniques of rendezvous and docking are cer-
tainly applicable to underwater search, salvage, and rescue
operations.

Both outer and inner space vehicles require a carefully
regulated cabin environment supplying oxygen at just the
right pressure, temperature, and proportions to other gases so
as to maintain a reasonable degree of crew comfort and safety.
The outer space system may utilize a pure oxygen breathing
atmosphere at relatively low temperatures (75°F) and less
than atmospheric pressure (3.7-5 psi) for ease of transition to
extravehicular activities (EVA). The hydrospace vehicle, on
the other hand, may be designed for an 809, helium/159%,
nitrogen/5%, oxygen system to reduce oxygen toxicity effects.
A temperature of 90°F will probably be maintained to offset
heat losses due to using helium; and high pressures on the
order of 100-200 psi will be needed (as in the case of the Sea
Lab and the Conshelf operations) to permit saturation diving.

The psychophysiological problems of extravehicular excur-
sions during inner/outer space missions are quite closely
related. The astro/aquanauts need space suits with either
portable breathing gas supplies or tethers of the “hookah”
type. The suits themselves must provide adequate protec-
tion against heat or cold during what may be somewhat
stressful conditions induced by weightlessness, disorientation,
or anxiety.

Auxiliary equipment and special-purpose tools must be
designed for use in the new extravehicular environments,
ncluding locomotion-assisting devices for longer excursions.
Examples of the latter range from the simple devices of hand
holds or flippers, to hand-held or body-mounted jet propulsion
devices, and to undersea sleds or lunar roving vehicles. The
viscous effects or lack of them sometimes aid and sometimes
hinder operations. In general, experiments in the one en-
vironment may readily be a proving ground for gaining ex-
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Fig. 1 Comparative material strength of rib-stiffened
cylinders (from Ref. 6).

perience applicable to the other environment. Commander
M. Scott Carpenter’s dual participation in the Man-in-the-Sea,
project as well as the space flight programs and the underwater
extravehicular activity simulation and training of Astronaut
Edwin E. Aldrin Jr., prior to his Gemini 12 excursion, are
typical examples of the interrelationship existing between
inner and outer space activites.2-3

Large payload-to-displaced-weight ratios of deep-sub-
mergence vehicles will be needed and attainable only through
stringent weight control and the application of new materials.
Weight-saving techniques by means of new fabrication
methods as well as the development and application by the
aerospace industry of what were at one time considered
exotic materials have solved the atmospheric re-entry
problem. Similarly, the application of massive glass, glass-
ceramics, filament-wound fiberglass, or new materials in
combination with conventional materials will permit efficient
operations within the ocean’s depths.

Also, the requirements of reliability of equipment and
systems as a whole are particularly stringent in both inner and
outer spacecraft where the safety of astro/aquanauts is of
primary concern. The Man-in-the-Sea program revealed the
need for reliable equipment properly tested under conditions
simulating the high pressure and highly corrosive environment
of inner space.

Marine Research
Oceanographic Research

Oceanographic research is not merely recording the velocity,
temperature, and salinity fields of the sea for their own sake,
but is seeking to discover those regularities necessary to
establish general laws that may explain oceanic events and
form a basis for prediction. The increasing use of the sea for
scientific purposes, underwater habitation, military missions,
and commercial exploitation requires a precise description, as
a function of time, of the ever-changing oceanic environment.

Commercially, sudden storms with accompanying wave
damage to shore and continental-shelf emplacements cost
many lives and large sums of money, both of which could be
considerably reduced by advance warning. Militarily, the
accurate prediction of oceanographic conditions is needed by
those engaged in naval surface and subsurface operations.
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For example, the accurate prediction of environmental con-
ditions would double the effectiveness of antisubmarine war-
fare.t However, only from the analysis of sufficient pertinent
data will come the techniques with which to predict environ-
mental changes reliably. Such foreknowledge is necessary for
the safety and efficiency of both undersea and surface opera-
tions.

Deep Submersibles and Materials Research

Special-purpose manned submersibles are evolving for
operations at various depths. Since the operating depth of a
submarine is limited in many cases by the strength of its
hull, and since the largest single weight item is the hull, any
effort to extend significantly the submarine’s capabilities must
be done through weight savings achieved on the hull. There-
fore, there has been particular emphasis upon utilizing new
improved hull materials so as to 1) increase the payload
carrying capacity, 2) increase the depth capabilities, 3)
increase velocity and submerged duration, 4) increase safety
and reliability, and 5) at the same time decrease cost and
maintenance.

The single spherical steel pressure vessel of the Trieste has
evolved successively into 1) a faired, single sphere of HY-100
steel* used for the “Alvin” and the HY-80 steel “Deepstar”;
2) a bispherical (200,000 psi yield strength, maraging steel)
pressure hull for the “Deepquest’”’; and 3) the trisphere
(HY-140 steel) to be used in the “Deep Submergence Rescue
Vehicle.” One concept, the “Willm Bathyscaph’,5 combines
as many as five spheres to form the pressure hull. In addi-
tion, cylindrical pressure shells of steel and aluminum have
been developed as exemplified by the Dolphin (HY-80 steel)
and the Aluminaut (7079-T6 aluminum). A large percentage
of the deep submersibles (e.g., Aluminaut, Archimedes, etc.)
rely on the fail-safe technique of using electromagnetically
held steel pellets for ballast and for changing buoyaney, which
was developed for the Trieste.

Military submarines are severely limited because of the
sacrifice of pressure hull depth capability in favor of using
conventional hull materials and carrying large payloads at
high speeds for long submerged durations. One of the major
parameters which gives a measure of the structural efficiency
of a submarine’s hull is its compressive yield strength. Figure
1 (from Ref. 6) presents a comparison between various metal-
lic and nonmetallic rib-stiffened cylinders. The higher the
ratio of the displaced water weight minus the vessel weight to
the displaced water weight, the higher the payload-carrying
capacity (assuming that all the other parameters are the
same). Thisfigure shows that only glass and/or ceramic hulls
can withstand the pressures of great depths without compro-
mising the payload-carrying capacity of the submarine. Thus,
the only foreseeable method for increasing operational depths
by an order of magnitude is to use the increased strength-to-
weight ratio materials of the glass-ceramic group. Similarly,
commercially feasible submersibles can only operate at in-
creased depths by going to these more efficient materials,
which will permit the large payload-to-displaced-weight
ratios necessary for competing economically with other
systems.

Preliminary studies of various pressure hull materials have
been made by various private industrial organizations, as well
as by the U.S. Navy. Tradeoffs between the advantages and
disadvantages of the different materials have resulted in many
successful submersibles covering a wide range of missions.
However, a large increase in the load carrying capacity of
materials applied to submarine technology is needed to
achieve a truly efficient deep submersible.

There are indications that the search for these materials,
and research, should be intensified in the direction of glass
and/or ceramics for marine applications. Indeed, there has

* HY-100 steel has a compressive yield strength of 100,000
psi.
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already been considerable preliminary work done in the study,
fabrication, testing, and actual design and construction of
manned and unmanned submersibles using glass as a pressure
shell material. Particularly valuable work has been done by
H. A. Perry of the U.S. Naval Ordnance Laboratory. In one
of his studies,” he verified experimentally the explosion resis-
tance of glass pressure hulls. Glass cylindrical and spherical
models actually tncreased their resistance to bending loads and
to dynamic explosive pressures with increased depths (see
Fig. 2).

In contrast, the thick metal shells required for achieving
moderate depths have a number of disadvantages, besides
their extremely low payload/displacement ratios, when
compared to glass. The required high yield strengths of steel,
aluminum, and titanium are susceptible to 1) brittle fracture,
2) corrosion (steel) and pitting (aluminum), 3) plating and
cladding deterioration, and, most importantly, 4) decrease in
strength with increasing depth due to their low compressive
strength, as shown in Fig. 2.

The very high compressive strength of glass permits an
increase in strength with inereased operational depth. This
fact ecombined with the many other advantages of glass, such
as 1) its high corrosion resistance, 2) creep resistance, 3) high
strength/weight ratio, 4) low cost, and 5) transparency, has
led to the forecast of glass as the pressure vessel material for
submersibles of the future.! Exploratory investigations have
shown that probably all of the problems of applying glass to
this new use are solvable. However, further experience in
building composite structures of practical sizes is needed.
The development and testing of new materials, as well as the
design and fabrication techniques associated with what
amounts to an entirely new application of glass technology,
will require considerable effort in order to gain the confidence
of submarine designers, manufacturers, and users.

Underwater Missions and Operations

The sea, with its vast resources and its use as a supply route
and, in times of war, as a platform from which to mount
military attacks, has been of great value to those nations
sufficiently capable to understand and utilize it. The re-
covery of resources from the sea has been a particular
challenge to man since the beginning of time. This challenge
is now being met more fully by the scientific-technological
community which is providing answers to significant questions
and is developing systems for exploring and utilizing hitherto
inaccessible reaches of the oceans. The resulting conquest of
the sea will, in all probability, be a blend of governmental,
military, and commercial missions with homesteading opera-
tions opening increasingly larger areas at greater depths for
exploitation.

Homesteading

The continental shelf, with a slope averaging less than 1°,
is a subsurface plain adjacent to most large land masses. It
extends from the mean low water line to the point where there
is a marked increase in gradient. This point is the beginning
of the continental slope which has an average gradient of 4°
but frequently reaches 25° in its plunge to the floor of the
deep ocean basins, The sharp break point in gradient which
separates the continental shelf from the continental slope is
generally at a water depth on the order of 200 m, averaging
42 miles from shore but in some places 750 miles seawards.

The International Convention on the Continental Shelf
states that coastal nations have sovereign righis over their
adjacent continental shelves “to a depth of 200 m or beyond that
limit to where the superjacent waters admit of the exploitation
of the natural resources of the said areas.” Virtually all of
the sea bottom is thereby explicitly opened to “homesteading”
and the evolution of manned and unmanned subsurface
emplacements permits the encompassing of vast oceanic
bottom areas by those nations that are so inclined.
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A number of experiments, projects, developments, and
feasible extensions of existing vehicles and systems could
conceivably be combined to yield commercially competitive
systems operating at underwater homestead sites. The
exact time and manner in which these independently evolving
fragments should be combined requires further study and is
beyond the scope of this paper. However, a number of
general trends may be examined and conceptually combined.

Significant factors pertaining to the exploitation of under-
water petroleum reserves, are apparent in the following
examples.

1) Dr. Jacques Piceard’s excursion to the bottom of the
deepest part of the sea has shown that man can readily be
provided with a protective environment for bottom habita-
tion. A time extension would allow operations at these
depths.

2) TheU.S. Navy, with its Man-in-the-Sea experiment, and
others have conclusively demonstrated the feasibility of
underwater habitation for time periods up to six weeks with
productive extravehicular excursions of the saturation diving
type on at least the continental shelves (see subsection on
diving).

3) Oil- and gas-producing geological structures are in many
instances related to salt domes® On land, dissolving the
salt in shallow salt domes has provided cavities for oil storage.
The same technique could be applied to underwater sites.

4) Many offshore drilling operations are suspended during
bad weather and heavy seas, sometimes catastrophically.
The petroleum industry is particularly anxious to emplace all
oil drilling operations on the sea floor to eliminate weather-
induced downtime, reduce vulnerability to hurricanes, and to
simplify operating procedures.

An idealized commercial homestead for exploiting the
petroleum resources of the bottom of the sea is now readily
visualized. It would consist of a series of bottom-emplaced
oil wells with sufficient proven reserves to justify the capital
investment in the site. The oil would be pumped into ad-
jacent submerged tanks or into & cavity in a nearby salt dome.
Submarine tankers with automatic hook-up attachments,
possibly similar to in-flight refueling probes, would then take
on oil from these storage areas for subsurface shipment to
refineries and users.

Sulfur is believed to rank second only to oil and gas in po-
tential as an exploitable mineral of the shelf areas in the Gulf
of Mexico. It is usually found in the cap rock of some salt
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domes. Eighteen of the 230 salt domes discovered in the
Gulf of Mexico up to 1956 contained sulfur in sufficient quan-
tity and quality to make its recovery commercially competi-
tive.8 This occurred despite the fact that the effort required
to exploit a deposit of ore is an order-of-magnitude more
difficult than that required to recover oil.

Sulfur is in ever-increasing demand by industry. Very few
reserves on land are being discovered, whereas those that are
known and are of good quality are rapidly being depleted.
The resulting escalation of prices makes the exploration for
and recovery of sulfur from underwater sites more and more
attractive. Efficiency and safety of operations could con-
ceivably require homestead mining for sulfur from self-
contained bottom emplacements similar to those envisioned
for oil wells. Again, submarines designed especially for
logistic operations would be required.

The offshore sulfur mining industry has been in a particu-
larly fortunate position. TFirst, the discovery of sulfur sites
has been somewhat of a spin-off from oil exploration since the
petroleum industry has also been seeking out salt domes for
their attendant oil and gas reserves. Secondly, it has become
competitive in price with land-locked sources. Thirdly,
recovery techniques are adequate to get offshore operations
started. Profits from this approach can thus be reinvested in
the development of improved recovery techniques.

In contrast, the advantages of mining other minerals from
sea-bottom sites are not readily apparent. Since known
sources adequately satisfy present industrial needs, capital is
not available to search out or to test the extent and quality of
even shallow water sites. Consequently, there has been no
need to improve on the old bucket dredge technique. Unless
the government anticipates future needs, and supplies the
necessary impetus for exploration, the development of the
techniques necessary for competitive exploitation of undersea
minerals other than oil, gas, and sulfur from homestead sites,
is clearly not going to proceed very rapidly, if at all.

There exists a large number of sea mounts and ocean ridges,
some of which rise 12,000 ft above the ocean floor and to
within 6000 ft or 8000 ft of the surface. Scientific emplace-
ments on these sites or possibly military outposts would be of
great use. Undersea habitations could serve as ocean en-

vironment sampling stations, submerged acoustical communi-
cation and navigation centers, as well as geological camps or
bases of operations for geological survey missions. Militarily
they could serve as submarine supply and repair facilities,
fixed launch platforms, and underwater acoustical observation
outposts which would be safe from the radioactivity and the
overpressures of nuclear attack.

One preliminary step towards homesteading the sea bottom
should be increased research efforts aimed at developing
corrosion- and pressure-resistant materials and structures.
Advanced glass technology provides an avenue of approach
which could be unusually rewarding. Glass and ceramics
may be tailored to meet a wide range of requirements. Be-
cause of their low cost in quantity production, their depth
hardening, and their corrosion resistance, they could be used
for a variety of undersea applications including: 1) structural
materials for hemispherical or cylindrical bottom emplace-
ments with panoramic viewing; 2) pressure hulls for deep
submergence logistics vehicles; 3) syntactic foam flotation
devices; 4) deep sea corers; and 5) pipes, valves, and ball
joints.

A number of firms have developed commercially successful
underwater systems based on the Sea Lab and the Conshelf
experiments.»  The use of helium-oxygen breathing systems
and saturation diving techniques have increased the efficiency
of divers manyfold. However, the perfecting of gilled breath-
ing systems, fuel cells, small nuclear power plants, and desali-
nation systems is needed to make manned underwater em-
placements more self-sufficient. This would help to ease the
present logistics problems associated with sustaining men on
the ocean bottom.

Commercial Exploitation

Offshore petroleum deposits are receiving by far the greatest
exploitation effort at present compared to the other resources
of the sea. Considerable research and development work is
aimed at emplacing the wellhead on the ocean bottom in order
to increase efficiency and to reduce the chances of catastrophic
disruption of drilling operations by weather-generated surface
phenomena. The Sealab projects in this country and the
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French Conshelf series, although taking different approaches,
both revealed their vulnerability to the vagaries of weather.

The Sealab I experiment went to great pains to select a site
near Bermuda which had not had any hurricanes for a con-
siderable length of time. In spite of this precaution, the stay
time on the bottom had to be terminated because of an
approaching hurricane, the first in 22 years. The recurrence
time is, coincidentally, the same length of time as the average
22-year solar cycle when both magnetic orientations of sun-
spot pairs are considered.

Similarly, the Conshelf Three project encountered a severe
storm with the heaviest swells in 19 years threatening to cut
the power line between the sea bottom emplaced agquanauts
and their shore-stationed generator. Through great efforts,
disaster was averted. After the storm subsided, the aqua-
nauts stayed at a 370-ft depth for a total of 21 days. During
this time they did extensive saturation diving and performed
many useful tasks. An oil-well “Christmas tree’” was placed
at their 370-ft depth which the divers serviced under simulated
operating conditions. The Christmas tree is a derrick-like
structure supporting the wellhcad. It is 810 ft in height and
weighs approximately 5 tons. The main component of the
wellhead is a large valve called the “McEvoy valve” which
weighs 400 Ib.  Since the men did not have to fight their own
weight, they were free to range unhindered in the vertical
dimension as well as in the horizontal plane, and, since their
tools weighed relatively less, by virtue of the buoyant forces,
the McEvoy valve was replaced in less time underwater than
had ever been done on dry land.

The sea surface remains the Archilles heel of all operations
tried thereto, but with present undersea technology it can
readily be sidestepped. A submersible, tailored to the needs
of the oil industry, is now needed and can be designed utilizing
the technology developed in the Sealab and the Conshelf
projects. J. V. O’Neill et al. have patented a submarine
design for performing all of the oil-well drilling operations
while positioned on the ocean bottom, remaining unperturbed
by surface weather phenomena (see Fig. 3).

Once the well has been “brought in,” periodic service, main-
tenance, and repair could be accomplished from an oil-well
service submarine. Such a submarine might be visualized as
combining the advantages of the Sealab for extended stay at
working depths with mobility for moving from harbors to
drill site and/or from drill site to drill site. It would have a
“lock-out” chamber to permit scuba or hookah divers free
access to an from the sea and would maintain a helium-oxygen
atmosphere at ambient pressure in the divers’ quarters during
oil-well servicing operations. Decompression could take place
during return to port. TLogistic support and/or crew replace-
ment could be accomplished by having two such vehicles or by
having a cargo submarine provide the necessary support.
The submersible would require either a self-contained power
source (possibly nuclear) or, for smaller vehicles, a hook-up
with a serviee line dropped from a centrally located “FLIP”-
type ship. This would permit periodic recharging of its
batteries, during favorable sea-state conditions, while main-
taining operational depths.

An offshore petroleum exploration, production, and trans-
portation system could be made entirely invulnerable to
adverse weather or ocean surface conditions. This system
would combine the following subsystems: 1) service sub-
marine to be used for a) seismograph exploration and b)
service, repair, and maintenance of wellhead; 2) well-drilling
submarine for a) drilling exploratory wells and b) drilling
production wells; 3) Cargo submarine for a) providing logistic
support and b) transporting personnel; and 4) tanker sub-
marine or pipeline for transporting crude oil to refineries.

This system would eliminate the ocean bottom-to-surface
section of the drill string and potentially could be designed for
any depth, providing that all operations could be conducted
from inside the submarines. In the interim, extravehicular
saturation diving by acquanauts seems possible at depths of
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Table 3 Revenues of oil rig contractors

Revenues, $§ X 108

Oil-well drilling 1968,

rig contractors 1963 1964 1965 1966 1967 Est.
Dixilyn Corp. 3.4 5.5 5.5 5.1 7.5 6.8
Global Marine 15.0 18.4 21.5 33.5 35.8 34.4
Qcean Drilling 10.7 14.0 18.2 22.6 28.2 31.2
Pike Corp. 52.9 55.1 53.5 59.4 63.0 67.8
Reading & Bates 17.7 21.2 19.5 31.1 36.3 34.0
Rimrock Tidelands 4.5 6.1 6.5 6.1 4.2 8.7
Santa Fe Drilling 60.7 51.3 65.0 83.4 86.9 104.5
Southeastern Drilling 13.9 13.4 15.5 26.8 35.4 38.8
Zapata Offshore 9.4 10.5 11.9 12.9 19.7 20.9
Totals 188.2 195.5 217.1 280.9 317.0 347.1

600-1000 ft on the continental shelf, a mere 79, of which has
been explored for petroleum to date. Eventually, the
technology evolving from liquid breathing experiments may
permit saturation diving at much greater depths.¥

Offshore production of oil has reached a total of four million
barrels a day and accounts for 159, of the free world’s supply.
The great unexplored potential of the continental shelves,
coupled with the fact that most producing wells are only
operating at a fraction of their potential, has led to forecasts
that offshore oil production will eatch up and surpass onshore
output by the mid-1980s.

It has been conservatively estimated that the offshore
reservoir holds at least 700 billion barrels of oil. Twenty
countries are producing from underwater fields, most of which
are located in the major producing areas such as the North
Sea, Libya, Nigeria, the Middle East, Australia, Alaska, the
Gulf of Mexico, and the U.S. Pacific coast, and many coun-
tries with excellent potential remain to be tested. Explora-
tion is also continuing in the waters off Senegal, the Cam-
eroons, Gabon, Surinam (South America), and Denmark.

A number of independent offshore drilling contractors own,
operate, and contract out the use of their multimillion-dollar
rigs to the major oil producers for use all over the world.
These contractors own 150 mobile rigs worth over $600
million, whereas the 1970 fleet is expected to reach 200 units
valued at more than $1 billion. The revenues derived from
the leasing of these oil-well drilling rigs are shown in Table 3.

Offshore drilling costs are 3-5 times as high (depending on
depth) as they are on land, but the higher success ratio (1
well in 4 is a producer offshore compared to 1 in 10 onshore)
tends to offset the additional investment risk. At present,
drilling rigs are in critically short supply, with every rig in the
fleet hard at work. Therefore, opportunities undoubtedly
exist for the imaginative combining of submersibles into
economically competitive, integrated systems. These sys-
tems could offer oil producers substantial reductions in
their operating costs as well as the unique advantages aceruing
from underwater or under-ice operations with service beyond
the reach of adverse weather and unhindered by vulnerable
links to the ocean surface.

The fish-protein resources of the world’s oceans are receiving
increased attention by many nations. Seientific methods of
increasing the efficiency of fish harvesting techniques are
actively being sought and found. The locating of large
schools of fish by sonar, attraction by lights, luring and herd-
ing by electrical fields into the suction nozzles of large pumps,
coupled with improved on-board processing and deep-freeze
storing by large fishing factory-ships, has led to icreased
efficiency of the large Soviet marine fisheries fleet. Synthetic
fibers have been used in making larger and stronger fishing
nets and trawls. These have been studied extensively by the
Japanese through underwater observations and have resulted
in improved trawling techniques. Also, experimental fish
farming has been carried on in Japan and elsewhere with very
promising results.

t The following four paragraphs summarize pertinent informa-
tion published in the March 10, 1967 special stock supplement
of Indicator Digest, Indicator Digest Inc., Palisades Park, N.J.
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The U.8. fishing industry is composed mostly of small,
uncoordinated groups. Neither they nor the government are
willing to risk investing the necessary capital in research in
order to develop the new tools and techniques required to
remain competitive with their nationalized counterparts in
Russia or Japan. Thus, within this country the new methods
developed by other countries are being examined and ousr own
new methods are being developed with somewhat less than the
sense of urgency or financial support which should be required
in response to world conditions, certainly far less than that
required to attain an international leadership in this area.

The United States’ interests in the food shortage and in
particular the protein shortage, however, go beyond our own
needs. The prevalent diseases affecting one-quarter of the
earth’s population are directly attributable to protein starva-
tion, which is the leading cause of death in children between
the end of weaning and 5 years of age.! Increasing popula-
tions are bringing about a crisis in the food problem. If our
fishing industries were encouraged and given the right kind of
governmental assistance and direction, they could aid
tremendously in helping to meet the world’s food require-
ments.

Other commercial underwater operations are at present in
rather an embryonic stage. It is difficult to foresee how long
a period of relative latency will be required before their
growth reaches sizable proportions. Obviously, the exploita-
tion of underwater mineral resources other than petroleum,
and sulfur or gas, will depend on exploration by submarine-
borne geologists with the capability to examine speci-
mens and formations while on the sea floor. The vehicles
required are similar to those proposed for offshore underwater
oil-well service applications. It is relatively easier to train
geologists as scuba divers than vice versa. Similarly, salvage
of sunken ships, both ancient and recent, can be accomplished
at depths to almost 1000 ft with essentially the same type of
submersible providing a mobile underwater base for “satura-
tion” divers. This would be considerably more efficient than
present techniques.

An undersea pleasure craft industry is a distinet possibility.
At present, recreational use of the ocean supports a 2-4
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billion dollar industry in the U.S. alone. Of the 3 million
people directly interested in diving, there are 1 million active
amateur divers using either snorkels or scuba and skin-diving
gear. Probably with proper promotional techniques this
potential customer base could be expanded into a market of
sizable proportions consisting of those interested in buying
more sophisticated types of gear and vehicles. A small glass-
sphere, pressure-vessel submersible!! could provide a versatile,
safe vehicle for exploring the wonders of the sea in three
dimensions.

Marine Technology—State-of-the-Art
Buoys

Surface ships have been used for centuries as drifting obser-
vation platforms, sometimes by design and at other times by
the force of circumstances. The floating logs, rafts of the
Kontiki class, sailing ships, and more recently freely drifting
ships of the Indian Ocean expedition have measured the sur-
face currents of the oceans and associated weather conditions,
the sophistication of measurement varying as a function of
the technological era in which they evolved.

Weather data are needed over a wide range of horizontal
and vertical grid scales to establish the order necessary for
prediction purposes within this highly complex field of inter-
acting media. Commercial aircraft frequently transmit in-
route weather data to appropriate weather data collection
stations. These data are of considerable use in establishing
weather patterns and pinpointing unusual disturbances in
remote areas. Increasingly, satellites are providing accurate
large-scale pictures of the world weather situation.

Similarly, the tremendous need for oceanographic and atmo-
spheric data near the surface has led to utilizing merchant
ships for gathering data along the course of their regular
travels. Although the data are somewhat arbitrary as to
their sampling location, i.e., along the trade routes which try
to avoid bad weather, they still help to fill the knowledge gap.
Vertical fluxes of heat, momentum, and water vapor must be
determined in order to predict large-scale atmospheric be-
havior for periods longer than 48 hr.  This requires a carefully
planned and coordinated collection of data by means of fixed
platforms, buoys, and submarines, rather than hit~or-miss
random samplings, in order to obtain meaningful results.
Buoys are a critical link in the data collection chain since in
many cases they are positioned on the highly sensitive air-sea
interface.

There are a number of different types of buoys suitable for
a variety of purposes. They may be classified as to 1) types
of mooring, a) bottom moored, b) drifting with submerged
drogue, ¢) freely drifting and 2) depth locations of buoys,
a) surface, b) intermediate depth, ¢) bottom. In addition,
they may be classified as manned or unmanned and as to
function, type of equipment used, or type and manner of data
transmission.

During the early stages of development of buoy technology,
special-purpose buoys were developed which either served as
markers for channels, obstacles, fish traps, etc. or which
measured only a limited number of parameters (e.g., tempera-
ture, salinity, current velocity). The Navy Oceanographic
and Meteorological Automatic Device (NOMAD), although
an order of magnitude more sophisticated than earlier buoys,
was limited to the transmission of meteorological data. By
utilizing a 60-w nuclear generator, it was capable of unat-
tended operation for up to six months and was used to warn
of approaching storms.

The Ocean Data Station!? developed by the Office of Naval
Research and the Convair Division of General Dynamics is a
significant step towards furthering buoy technology (Fig. 4).
This unmanned, 50,000-lb, 40-ft-diam, 7-ft-thick, discus-
shaped buoy is capable of withstanding 60-ft waves, 150-knot
winds, 10-knot currents, and may be moored in depths to



JANUARY 1969

30,000 ft by its 2-in.-diam nylon cable. A variety of sensors
are located on its 38-ft antenna mast, within its hull, and are
distributed at intervals along its mooring line. Thus, a wide
range of oceanographic/weather data are gathered, stored,
and transmitted over its high-frequency channels every 6
hr on command from a shore station located up to 3000 miles
away.

The Ocean Data Station is designed for one year’s unat-
tended operation; however, its conventional propane-powered
generator system carries a two-year fuel supply. Buoys of
this type appropriately spaced could provide synoptic data on
weather conditions, air-sea interactions, ocean currents, deep-
ocean tides, animal migrations, and other phenomena of
interest to the weather forecasting service, scientific research-
ers, the fishing industry, and the Navy’s Antisubmarine War-
fare Fnvironmental Prediction Systems (ASWEPS).

The National Oceanographic Data Center (NODC) was
established in 1961 to acquire data from all of the afore-
mentioned and additional sources including those of foreign
countries. After suitable processing, these data are stored
for future reference and are disseminated throughout the
oceanographic, scientific, commercial, and military communi-
ties for their many uses. The Presidential Panel on Oceanog-
raphy recommended increased funding so as to extend the
scope of this valuable service.!

The required buoy and sensor technology, submersibles as
underwater sensors, satellite sensors or relay subsystems, and
efficient data handling-distribution subsystems are ready for
expansion. The need exists for a completely coordinated
environmental sensing, sampling, measuring, and, therefrom,
analysis and prediction system. What remains is the
necessary financing, organizing, and sense of urgency required
to fill this need with its resulting step forward.

FORDS-FLIP-SPAR-STOP

The analysis and prediction of oceanie acoustic properties
is the subject of intense research by the Navy in support of its
submarine detection efforts. Four somewhat similar concepts
have been developed to provide the unusually stable floating
platforms necessary to perform precise measurements of
sound waves at depths to 300 ft. All four concepts require a
large proportion of the weight of the float to be submerged,
thereby providing a stable platform in heavy seas.

The Floating Ocean Research and Development Station
(FORDS) concept developed by the Naval Research Labora-
tory envisions a 300-ft manned, floating, vertical tower, 250
ft of which would extend below the surface.’* The tower
would be towed in an upright position on a barge to the
emplacement site, but thereafter would be self-sufficient for
up to four weeks since it would contain its own fuel, power,
and housekeeping facilities. The station would be used in the
evaluation of acoustic transducer design and has the added
capability of being able to lift a 900,000-1b load and lower it to
a depth of 5000 ft.

Similarly, the Floating Instrument Platform (FLIP) devel-
oped by the Secripps Institution of Oceanography for the
Office of Naval Research!* and the Seagoing Platform for
Acoustic Research (SPAR) developed by the Naval Ordnance
Laboratory® are primarily intended for acoustic research and
are emplaced in a vertical position (50 ft above/300 {t below
the surface). However, FLIP and SPAR are towed in a
horizontal attitude and by the flooding of tanks flip to the
vertical position at the emplacement site. Blowing of ballast
tanks by compressed air with the subsequent return to a
horizontal attitude readily permits redeployment. FLIP
is self-sufficient for up to two weeks and provides living
quarters for four people. The unmanned SPAR is controlled
and receives its power via a 3000-ft umbilical electrical cord to
a mother ship.

The Stable Ocean Platform (STOP) concept’® is an
advanced FLIP-type ship that has been proposed as a platform
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for tracking spacecraft from remote ocean areas as part of the
global tracking network. Alternate usages could include
incorporation into the early warning system, weather data
collection, or even as a missile launching platform. It would
maintain its position either by a mooring system or dynamic
positioning (e.g., the MOHOLE platform, see the following
subsection).

All four platforms rise and fall less than 3 ft with a 1°
side-to-side maximum oscillation in a heavy sea (30-ft waves)
and negligible movement in normal seas. The future appli-
cation of these exceptionally stable platforms, which can
safely ride out hurricanes and heavy seas, may be particularly
useful not only for acoustic research and tracking, but possibly
for other uses such as offshore oil drilling operations. The
FLIP ship, with its ease of deployment and redeployment,
adds a new operational module which may well provide a
springboard to more advanced concepts aimed at solving
existing problems.

Offshore and Deep-Water Platforms

The increasing rate of oil consumption throughout the
world, coupled with the increasing difficulty of locating major
new reserves on the extensively probed continents, has pushed
the search for oil to the shallow waters of the continental
shelves and has even now led to developmental techniques
for eventual use at open ocean depths. There has been a
particularly close cooperation and exchange of ideas between
the government and the petroleum industry with the result
that a number of innovations have significantly advanced
undersea drilling technology in recent years.

During the 1930’s, inshore areas and marshes of the Gulf of
Mexico and Lake Maracaibo were exploited by mounting
conventional drilling equipment on fixed wooden pile-sup-
ported structures and floating barges. Operational water
depths of 6 ft were typical of this period. These early marine
drilling efforts were followed by steel and reinforced concrete
pile-supported platforms of relatively small size (40 ft X 80 ft)
for operation 20 ft above the surface in 80 ft of water. Con-
verted naval craft tended the platforms and supplied power,
pumps, and mud tanks, as well as accommodations for the
crew during drilling operations. At present, there are 90
tender/platform combinations of this type in operation. The
tenders are now especially designed for this task and include
helicopter pads for rotating crews and transferring some
supplies. This combination can drill 20,000-ft holes in up to
200 ft of water.

One out of four wells is a producer of oil; thus, of necessity,
semimobile drilling platforms evolved for exploratory work.
Some were merely rigs that had the ability to float and could
be towed to the drilling location. Upon arrival, flooding of
the buoyaney tanks and structural members caused the tower-
supported platform to settle in such a way that the legs
rested on the ocean bottom. A similar type was a barge, the
retractable legs of which were lowered to the sea floor, thus
permitting the barge-platform to jack itself up for wave
clearance.?

Floating, semisubmerged types of platforms have been
developed for use in deeper water. The bulk of the weight is
beneath the surface, resulting in a relatively stable base for
the platform which is 30-70 ft above the surface. Position is
maintained using conventional anchors. Increasing depths
require bigger anchors; thus as many as nine 30,000-1b
anchors are used for station keeping in 600-ft depths of water.

Concurrently, drill ships are being developed for operations
in even deeper water. A catamaran-type hull has been used
for the drill ship “E. W. Thornton.” The advantages of
greater stability, less heel, and better position holding capabil-
ities, compared to conventional hull types, make the cata-
maran very attractive for use as an oil drilling platform.

Particularly important bas been the success attained by the
group composed of the Continental, Union, Superior, and
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Table 4 Costs of offshore oil rigs

Drilling
depth Cost of
Type of rig in water, ft rig, $
Fixed platform (self-contained) 100 500,000
Dynamic positioning (floating) 1,000 5,000,000
Dynamie positioning (floating) 10,000 50,000, 000

Shell Oil companies who converted a YENB Navy barge into
the drilling ship CUSS 1. This unique ship with its dynamic
positioning capabilities was used for drilling in water depths of
1500 ft at rates of 450 ft/day and has demonstrated its unusual
mobility by changing from one hole to another in less than a
single day.'®

In 1961, CUSS I was contracted to the National Science
Foundation (NSF) for testing preliminary cores in ocean
depths never before attempted. The MOHOLE project,®
using a dynamically positioned, semisubmerged floating plat-
form was, prior to its cancellation, seeking answers to some of
the most important scientific questions of our time: 1) How
old is the earth? 2) What is its origin? 3) Is it getting
hotter? 4) How did life begin on earth? 5) How old are the
ocean basins? 6) How did they get filled with water? and
7) Why do they differ from the continents? At present, many
theories about the earth are based on studies of less than 1%
of its volume and 309 of its surface, hence the desperate need
for supporting data and in the case of contradictory data,
revision and updating as required.

The aim of the NSF-supported MOHOLE project was to
drill a hole 30,000 ft below sea level in 15,000 ft of water north
of the Hawaiian island of Maui. This penetration was to
have gone through the “Mohorovicic Discontinuity” which
marks the boundary between the earth’s crust and the mantle.
Thus, by direct sampling of the mantle, which makes up 85%
of the volume of the earth, data were to have been sought
extending 2 billion years backwards in time and would pos-
sibly have led to answers for the preceding questions. In-
deed, preliminary drilling in 11,700 ft of water off Guadalupe
Island near southern California by CUSS I has already
required the revision of existing geological theories. New
data have shown the internal temperatures of the earth to be
higher than expected and the seismic velocity in the upper
layer of the earth’s crust to be 1.6 km/sec slower than pre-
viously estimated.

The drilling platform for MOHOLE was designed to stay

. within a 400-ft radius of its center position so as not to exceed
the allowable stresses of the 30,000-ft drill string. This was
to have been achieved by a dynamic positioning system which
senses the platform’s position by sonar and radar reflections
from a series of bottom-anchored, taut-line subsurface and
surface buoys, respectively. An onboard analog computer
digests the bits of position information which, through appro-
priate displays and an integrated control, commands six
vertical-axis, variable-pitch underwater propellers to generate
the forces necessary for the platform to maintain an optimum
position for a period of up to three years in the face of pre-
vailing winds, currents, and weather.?

Unfortunately, politics and rising costs forced the cancella-~
tion of the MOHOLE project prior to the achievement of its
ambitious goals. In spite of this, it went a long way toward
proving the feasibility of the associated drilling coneept which
will, with modifications, continue to be utilized by the petro-
leum industry for probing the ocean’s depths. This concept
has thus gone full circle back to its originators.

Drilling in depths of water two orders of magnitude deeper
than two decades ago has been achieved by a corresponding
inerease in drilling rig costs, also by two orders of magnitude.
Typical oil-rig costs for drilling an oil well in various water
depths are shown in Table 4.

An oil-well rig for drilling on land costs about $150,000 by
way of comparison. However, the higher cost for the off-
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shore platforms are justified by their higher ratio of successful
producing wells (} compared to #g). In general, mobile
platforms are higher in original cost but since self-contained,
fixed platforms are difficult to salvage and impossible to move
intact, reusable mobile platforms are especially advantageous
for exploratory work to find out quickly whether a lease is
commercially productive or not.

The costs of leasing mobile rigs from drilling-rig contractors
are given in Table 5 for units which are anchored convention-
ally instead of dynamically positioned. Also shown are 150-
ft water drilling depth fixed platforms, self-contained and with
tender.

The costs shown in Tables 4 and 5 are typical of platforms
operating in relatively calm waters such as the Guif of Mexico.
When weather conditions are typically more severe, e.g., the
Pacific coastal waters off California, then costs begin to
multiply rapidly. The ice-floe conditions in the Cook Inlet of
Alaska multiply costs tenfold. A fixed platform there in 100
ft of water costs $5 million.

Thus, drilling costs are increasing as greater water depths
in areas of unfavorable weather and ocean surface conditions
are encountered. This will eventually require that well
drilling and eompletion systems be emplaced on the ocean floor
with servicing by submarines. The economic situation will
spur the necessary technological advances.

Although the continental shelves will probably provide
enough territory for exploitation in the near future, only the
vast reaches of open oceans will sustain the petroleum de-
mands of developing countries, increasing world populations,
advancing technologies, and aggressive international oil
diplomacy.?

Diving

The familiar “hard-hat,” canvas-suit, heavy-breastplate,
conventional diving suit was developed in 1837. With
minor modifications, it has been in use until recently, but the
much more efficient scuba (self-contained underwater
breathing apparatus) and hookah equipment are in the
process of taking its place.?? Safe and relatively inexpensive
scuba gear has captured the fancy of the public and has
turned shallow scuba diving into somewhat of a national
pastime.

Scuba divers, by eliminating the umbilical life line/air hose
and by relying on a portable back pack of oxygen/helium, can
operate unhindered at depths never before possible. The
hard-hat diver, breathing normal air as supplied convention-
ally, becomes unable to perform simple tasks at 200-ft depths
and reaches his limit at 300 ft. If he were to continue to a
depth of 350 ft, he would lose consciousness. The narcotic
effects of oxygen/nitrogen under pressure become lethal at
this depth. The conversion to a predominantly helium
breathing atmosphere with some nitrogen and oxygen allevi-
ates this problem considerably and will probably permit dives
to 1000 ft with very little impairment of the diver’s faculties.

1t seems that the lower the molecular weight of the gas
breathed by the diver, the greater the depth which he can
reach before the narcotic effects of the gas become noticeable.2?
From this standpoint, a hydrogen/oxygen mixture would be
ideal if it were not for the explosive potential of the mixture.
The Swedish engineer, Arne Zetterstrom,4 using this mixture,
was able to descend to a depth of 525 ft as early as 1945.

Table 5 Rental costs of offshore oil rigs

Drilling depth  Rental cost,
Type of rig in water, ft $/day
Fixed platform (self-contained) 150 3000
Fixed platform with tender 150 4200
Mobile rigs 100 6000
Mobile rigs 150 7500
Mobile rigs 250 8500
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The U.S. Navy’s Man-in-the-Sea concept, which has
evolved through the Sealab I and II experiments, has success-
fully placed men in a steel chamber in 200 ft of water at
ambient pressure breathing in 85%, helium, 119, nitrogen, and
49, oxygen mixture for up to 63 weeks.? The Sealab
aquanauts used scuba gear to take dives from their labora-
tory/living quarters and demonstrated their abilities to per-
form useful tasks for relatively long periods of time. Their
excursions only needed interruption for changing helium/
oxygen tanks as the supplies became depleted. Also, it was
found that short “bounce dives” could be made to 300-ft
depths without the need for decompression to return to the
200-ft level.

This technique of staying at working pressure between
dives permits decompression time to be amortized over an
extended period so that a scuba diver may put in an 8-hr
diving day with no decompression time. The decompression
penalty of a few days is paid for only at the end of the work
schedule, which could conceivably last anytime up to 3 months
or longer.

The feasibility of extended undersea diving operations has
thereby been amply demonstrated. Useful work was
accomplished at these depths on a routine basis and shows
clearly a definite commercial potential.

This potential is being exploited by a number of companies
presently servicing dams, doing salvage work, and repairing
ships in situ, ete., but, for the immediate future, they have set
themselves the goal of working at 600-1000-ft depths in
support of offshore oil production.?

Conclusion

Many individuals and groups within various companies and
governmental agencies are continuing research into a large
number of areas directly or indirectly connected with oceano-
graphic activities. Environmental analysis is yielding in-
creasingly more aceurate and longer-range predictions as well
as control in some instances. Mathematical models (exact
and empirical) combined with new computers are providing
powerful methods for mission and system analyses. In
addition, new subsystems (e.g., nuclear power, scuba, dy-
namic positioning, ete.) and new or improved materials are
extending vehicle system capabilities by orders of magnitude,
thereby permitting missions only dreamed of heretofore.

The gathering of small grid scale (5-10 km) oceanographic
and weather data in selected areas from a system of buoys is
possible using state-of-the-art components. These data are
vitally needed before the dynamics of oceanographic processes
can be accurately analyzed or before long-range environmental
predictions can be attempted. Environmental analysis, by
providing model environments and probability assessments of
what and how frequently extreme conditions will be encoun-
tered in various regions, would be particularly valuable in
both military and commercial operations.

The use of new materials may readily facilitate the exten-
sion of undersea activities to much greater depths with glass
and glass ceramics as prime contenders for use as deep sub-
mersible hull materials and ocean bottom emplaced structures.
Considerable pioneering work needs to be done in this area to
solve the design problems of applying these materials so as to
develop their full potential.

New subsystems, in particular the application of nuclear
power to cargo/tanker submarines, can provide tremendous
potential for the achievement of homesteading, military, and
commercial missions of inestimable importance.

In conclusion, it may be stated that oceanographic activities
require support across the board in order to fulfill this nation’s
military and geopolitical obligations as well as to remain
commercially viable and competitive in the rapidly changing
technological environment. There are indications that we are
falling behind in many areas, fishing, large oceanic vehicles,
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and the applications of nuclear energy to name a few. In-
creased research efforts and their application to vehicle tech-
nology, system and mission analyses combined with the full
utilization of present technology to increase further the scope
and accuracy of environmental analysis, can provide the
springboard for new and vastly improved systems for the
benefit of all.
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