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I INTRODUCTION

-

" For a long time, the world's oceans played a rather
prosaic role in the life of man. The sea was looked upon
as the great void and, aside from some inconsequential fishing
at its very edges, it remained largely ignored, until man's
inquisitiveness and desire for riches launched himiinto the
age of exploration. No sooner did man put to sea than it
became (and, unhappily, still is) a glorious battleground.
With the advent of serious world commerce, several hundred
years ago, the great seas, functioning as‘highways of frade,
still separated land masses and masses of people, although
there was gradually developing a considerable awareness of
things and people in distant places.

As the world continued to "shrink", we learned that
the waters around us, once thought to be of infinite extent,
in fact do cover some three-fourths of our plahet. Mereover,
as we barged into the twentieth eentury, we were titiileted
to learn further that the ocean was full of a lot of valuable
things, besides fish. | o _

What prompts our current excitement about the oceans?
Like most of man's endeavors, it is sometimes fueled by greed
or, more charitably, by a desire torimprove our well-being.
It is a small matter that man's'survival.may soon depend
on his knowledge and use of the sea. This notion is largely
ignored; indeed, man has a great propensity for bﬁiiding
immunity to survival. Fortunately, there are sufficient
future-~thinkers who care enough about fhe fate Qf'man and
the oceahs to hopefully restrain the kind of mismanagement
that has decimated land resources. _ '

In any case, we are keenly aware that the sea possesses
untold wealth in natural resources. At least equally important
is the space it possesses and, of course, water itself.

All these we desire. Thus, the sea beckoﬁs'and:we respond.

Unfortunately, it is a rather hostile environment to us.
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We require an interface that will ameliorate the hostility
- and, to this end, we conceive devices that will hopefully
afford an accomodation between man and the marine environment.
Chief among such devices is the stable ocean platform that
is'designed to permit man to operate in the sea with a ;
minimum of travail. _ - | ‘ . > _

The uses of stable ocean platforms are the subject of o
the study\reported here. 1t has been undertaken none too soon,
because things are moving very fast in the world of offshore
man-made structures. Indeed, there is a veritable_frenzy
of activity in gefting new kinds of platforms off the
drawing boards and 1nto the ocean. There 15 every indication
that man is no longer content to be eatran31ent at seaj he
is there to stay - today to work, tomorrow to play and perhaps
ultlmately to llve. If that is the case then it behooves
us to design and bulld platforms that are opt;mally efflolent -
that Wlll do the Job, w1th safety and at reasonable cost,
without exce551ve damage to the marine ecosystem. _

The purpose of this program is to ascertaln the state
of the art of stable platforms, to determlne present and .
future m1551on requ1rements, and to assess, if possible,
the optlmal characteristics of platforms so that man can
operate’ effectlvely and profltably in an often hostile
envzronment. .We are attempting, in effect, to synthesize
all the available knowledge on platform design and behavior
~in such a way.as to provide the best utilization of technology
to achieve mission objectives. Or, alternatively, we aim
to provide the means of choosing between alternatives in
a way that will résult in practioal.and eoonomical realization
of.oertain mission objectives. The end result will hopefully
be greater_oommercial'henefita. |

The first phase of the program is completed and is the
subject of this report. Tts primary purpose is to establish
+the framework of the stﬁdy program and to provlde the body of
data from which all work will proceed.
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We began the investigation with a definition of stable
platform that would permit the "sea-based system" to be considered.
That is, if it was meant primarily to operate at sea rather
than transit the sea, it was of interest. Thus, an oil
- tanker does not quélify but a fishing trawler does. The
structures considered here may be as commonplace as a dredge
barge or as far out as a jetport (wetport).

Having once established a working definition, the
literature yiélded almost 300 relevant references, with
new material appearing almost daily and some certainly
still undetected. This source material permitted us to
determine that there were roughly 30 separate missions that
required some kind of stable platform.(Section I1.) It was
also possible to list the kinds of platforms that are utilized
in such missions. (Section III.) With this background material,
we then undertook to develop the general requirements appropriate
to platforms in terms of performance, logistics, economics
and environmental effects. (Section IV.) Lastly, we examined
each of 12 mission classes (that comprised 30 different
missions) to determine the platform requirements for those
missions. (Section V.)

This phase of the study concludes with a discussion
of the salient features of the problem. This is followed
by a list of all the references used in the study (classified
according to general requirements and mission requirements -
Section VII) and a set of 56 figures (Section VIII) depicting
a wide variety of stable platform concepts.
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II. LIST OF MISSIONS

The approach taken in this study is mission—qriented.
That is, we are interested in stable platforms to the extent
that they can perform a particular mission under certain
constraints. This notion étill admits of the.poséibility
that a platform, with special capabilitiés, may suggest
a hitherto not considered mission to which it can be
applied. It goes without saying that a single mission
may be served by more than one platform and, converéely,
that a particular platform may be advantageously émployed
in different missions. |

The literature search (Section ViD) revealedha number
of missions of which some were well defined and others
were either vague or generally similar to prior-défined'
missions. Since there were about 30 such missions, they
were classified in & dozen groups that reflect the closest
commonality of platform reguirements. This permitted a .
certain ease of handling, even though there was some
arbitrariness in grouping, as will bé seen.

Tab;e I is a list of missibns that shows the twelve
general categories and the particular activities appropriate

‘to each.
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- Table I. LIST OF MISSIONS

OFFSHORE DRILLING (Petroleum)

a. Geophysical exploration
b. 0il and Gas Production

OCEANOGRAPHIC RESEARCH

ELECTRONIC TRACKING AND SURVEILLANCE

a. Satellite Tracking
b. Communications
c. Radar Stations

WEATHER MONITORING AND NAVIGATION

OCEAN RESOURCE RECOVERY AND BOTTOM MODIFICATION

a. Mining
b. Dredging

FISHING

a. Artificial Fishing Banks (Lures)
b. Fish Harvesting -
c¢. Fish Product Processing

QFFSHORE PROCESSING

da. Sea Water
b. Minerals
c. Petroleum
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Table I. Cbntinﬁéd

8.

10.

11.

12.

OFFSHORE POWER GENERATION

a. Nuclear
b. qupent-Driven
c. Therinal

SURFACE SUPPORT OF SUBMERSIBLES AND
BOTTOM STRUCTURES

OFFSHORE WORK
a. Construction
b. Salvage and Retrieval-
c. Pipe Laying

OFFSHORE PERSONNEL SUPPORT
a. Living Quarters - Cities
b. - Récreation - Hotels
¢. Transportation - Air Terminals
d. Military Operations

OFFSHORE COMMERCE

a. Breakwaters and Artificial Hapb?rs
b. Deep-Water Mooring
c. At-Sea Storage



There is no special'pattern in the arrangement of.
Table I, each mission has one or more aftributes that are
coinmon to the group. Hewever, some missions might have
been just as suitably located in other groups. Thus, 6C,
Fish Product Processing, is included quite naturally in
Fishing but would also have fit in Offshofe Proéeésing.

From another point of view,'it is seen that both mining

and dredging, which comprise the group of Ocean Resource
Recovery and Bottom Modification, utilize ship-like platforms
almost exclusively and hence are appropriately grouped.

On the other hand, Oceancgraphic Research ﬁtilizes_virtually
every type of platform available. So, what may be argued

as arbitrary grouping in Table I is really an &tfempt at

some form of organizafion of highly interrelated elements
only for ease in handling. For the purposes of this study,

particular groupings have no significance.
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III. TYPES OF PLATFORMS

In Section II, a number of missions were listed.

The common denominator of that wide spectrum of marine
activities is the notion that a platform, of some type,
is required to carry out the mission. Just as -the missions
are diverse, so are fhe piatforms ~ in concept, size, and
performance. Some are nerely contiguous extensions of
man's land domain, such as municipal jetports created

by landfill projects; others are true offshore "islands"
such as drilling platforms:and fish factories. Some

of these platforms are fixed to the bottom while others
are floating. They may range in size from little ﬁore
than a buoy handled by a couple of men to something

like a small city.

In view of the foregoing, it will come as no surprise
that grouping platforms, in some sensible way, is likely
to be an onerous task; and so it was. Grouping by mission
is quite impossible, since it has already been pointed
out that a single platform may serve a variety of missions
and that, conversely, a single mission (e.g. oceanographie
research) may be served by a variety of platforms.

It was decided, somewhat arbitrarily, that the major
divisions would correspond to that basic attribute of

platforms which described whether it was fixed to or
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resting on the bottom (submersibie), floating with thé
flotation unit below the sufface (semisubmersible), or
floating with the flotation unit in the free surface
(floating).  Further subdivisions within the major divisions
were likewise arbitrary but, as can be seen in Table II,

it is a relativelj simple matter to locate platforms

according to the breakdown of attributes as given.
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Table II. TYPES OF PLATFORMS IN CURRENT USE#*
- (numbers in parentheses correspond to figures
in Section VIII)

I  SUBMERSIBLE

‘A. Temporary

1) jack-up (1-3)
2) monopod (5)
3) articulated column (6)
4) perforated (55)
Permanent
- 1) triangular (27)
© 2) quadrupod (28)
3) multi-leg (41,% 44A)
4) landfill (36, 44C)
IT SEMISUBMERSIBLE
A. Spherical
1) buoy (18)
B. Vertical columns
1) single (24, 25)
2) double (26)
3) triple (12)
4} quadruple (13)
5) V-shape 4)

C. Hull-shape

1) multihull (11, 1%, 15, 44B)

% Indicates concept only.
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Tabie-II (continued)
ITIT FLOATING

A. Single Unit

1) ship (8B, 35)

2} barge (8A, 10, 3u, 38,

. 39, 40)

'3) buoy (16, 18-24, 29,
. : ' . 30, u6)

4) cylinder - (17, 48)

B. Multihull
1) catamaran B (8D)
2) trimaran & outrigger . (8C)

€. Module assembly - (42)



The classification in Table II distinguishes between
sea-based systems that have the same physical appearvance
but have different modes of operation. Thus, the monoped
(Fig. 5) is a narrow vertical cylinder that sits on the
bottom (I~-A-2 in Table II) while the S$PAR and FLIP ship
(Fig. 25) type of oceanographic research vessel are
designed to float (II-B-1 in Table II) and thereby avoid
any depth restriction. The buoys (II~-A~1 and III-A-3)
cover é very wide range of designs.

Only one concept not now in existence was listed
(Fig. 41), because most of these sea-based éystems of
the future do not utilize new platform principles,
except the module approach (Fig. 26).

This section, dealing as it does with the spectrum
of platforms, complements Section II which listed the
different missions. The goal is to métch missions with
platforms, in order to achieve objectives. The next
step toward this end is the establishment of general
platform design requirements that will permit assessment
of effectiveness so that pairings between mission and

platform can be undertaken within a praétical framework.,

IIT-5
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IV. GENERAL REQUIREMENTS

There are a mﬁltitude of pertinent design cdnsiderations
in ocean platform design. This section is intended to
outline and briefly describe the most important of these
considerations; the next section will detail the specific
requirements for each mission. The format of this section
will be that of an "annotated outline," because a fully
descriptive text would be prohibitively lengthy and not
more informative for the purposes of this phase of the
program.

There are four basic sets of requirements:

4.1 Performance
h.2 Logistics
4.3 Economics
B.b Environment and Ecology

Each of these will be briefly structured in the

following subsections and each of the elements will be

discussed.
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IV. GENERAL REQUIREMENTS

There are a mﬁltitude of pertinent design cénsideratibns
in ocean platform design. This section is intended to
outline and briefly describe the most important of these
considerations; the next section will detail the specific
requirements for each‘mission._ The format of this section
will be that of an "annotated outline," because a fully
descriptive text would be prohibitively lengthy and not
more informative for the purposes of this phase of the
program. |

There are four basic sets of requirements:

4.1 Performance
4.2 Logistics
4.3 Econcmics
 h.b Environment and Ecology

Each of these will be briefly structured in the

following subsections and each of the elements will be

discussed,
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4.1 PERFORMANCE .

a) Motions

(1)
(2}
(3)
(4)

Operation
Survival
Environment input (waves, wind and current)

Stabilization

b) Station Keeping

()
(2)
(3)

Bottom connected (fixed or anchored)

Free (dynamically positioned)

- Variable requirements

¢) Structural Design

(1)

(2)
(3)
(4
(5)
(6)

Loading - waves, wind, current, and towing
or moving

Corrosion allowance
Design problems
Analysis techniques
Cyclic loading analysis

iHlaterials
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4.l1.a Hotions

Motion requirements vary with the miSSion and particular
platform type. For e#amplé, motion specifications that .
may be reasonable for a semisubmerged'piatform may be
impossible to meet if applied to a monohull ship. ‘Table
IIT illustrates the diversity of operational motions ex-
perienced by various types of platforms. The DISCOVERER
II is a "conventional" research vessel in the sense that
it has a ship's hull. Using it as a datum, it is seen
that FLIP and FORDS la are exceptionally stable in heave,
which is their ‘design intent, while the BRAVO, which has
no such requirement, merely responds to the waves as
would ‘a bit of flotsam. The semisubmersibles strive for
resistance to heave, pitch, and roll and the measure of
achievemént is either better or worse than the ship form,
as shown in the table. The catamaran performs sufprisingly
‘poorly. The DSRVT-1 has exceptionally bad seakeeping
characteristics which is to be expected of a true
submersible.

As stated above, the motioh requirementé afé.fixed
by the mission. The spectrum of platforms is likely to
provide a choice from among those that can meet the
'requifements. This is but one of the Qariety of constraints

that must be satisfied to fulfill mission requirements.
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A range of sea-state, wind, and current influences
must be acecounted fpr in_any successful platform design.
For this reason, most designs consider several motion
performance criteria. Among these are two regarding sea
state: one for continued operational capability and
another, higher sea state, for survivability. In addition,
many platfd}ms must be able to function in two different
physical states, that which applies in transit and that
which obtains on station. This is perhaps most obvious
with the SPAR-type system which is towed to its station
in the horizontal position and operates in the verticalf_
The motions that are considered to be most important
vary with the requirements of each particular mission.
For example, ro0ll and pitch angles are very important to
a drilling platform, but are of secondary importance for
the mother ship of.a small submersible vehicle. For
the mother ship, heave motion and relative amplitude between
the platform and the submersible below are of primary
importancé, as is the case with all transfer at sea prqblems.
Table IV ranks some of the floating types of platforms
according to severity of motion. In the table, a ship of
normal forh is taken as the norm. The higher a platform's
number, the better its performance in waves. Clearly, the
ship form.sufférs the, greatest motion while the submersible,
semisubmersible aﬁ& spér ship are relatively "transparent"”

to waves.
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As stated above, platform motions ﬁndef tow'or in
self-propelled transit must also be considered. Damaging
effects.due to slamming and severe motions can occur,
especially for platforms that are forced to transit with
much of their ordinarily submerged superstructure exposed
to the wind and seas. The factors that lead to seaway-
induced speed loss are not well understood for other than
ship-like forms.23 Since, from Table IV, ships are the
worst performers, both in transit and on station, stabilization
is often necessary to the extent fhat the mission requires

such augmentation.



Table III. MOTION DATA FOR SOME OCEAN PLATFORMS#

IV-6

o ‘Wave ' ‘Motion
Platform Height (ft.) Heave (ft.) | Pitch {deg.} | Roll (deg
Bucys |
BRAVO (same as waves)
FLIP 25~35 0.25
LABCUEE 20 3.3
FORDS 1la 20 0.5 1.12
1 I
Semisubmersibles
SEDCO 1365#%#% 20 2.2 1.8
SEDCO 135#%#% 40 ! 11.5 5.3
1
- BLUEWATER®#* 20+ i 2.0 2.0
MOHOLE 20 f 3.3 1.7 1.7
FORDS 7a 20 | 1.38 1.4y
?
!
DISCOVERER II 10-26 ! 3-7 3.0 2-4
|
ASR Catamaran 14.5 | 13.06 9,72 5,44
DSRVT-1 10.0 12.0

28

ke n

%*Abstracted from Reference 15.

**Sample of model test data furnished by owner.



Iv-7

Table IV#* RANKING OF PLATFORM TYPES BY SEVERITY OF MOTION##®

CONDITION OF LOADING :

In-Transit =~ On-Station
Platform Type (light draft) (deep draft)
Ship 1 | 1
Spar ship 2 4
Jack-up 3 -
Cataméran, Trim&ran .4 2
Submersible 5. .-
Semisubmersible 6 - _3-

*Taken from Reference 23.

#%First rank goes to the relatively worst platform
(i.e. most severe motions). '
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4.1.b Station-Keeping
| Station;keeping for floatiné piétforﬁs is aécompiished
in two wayﬁ:_
(1) Anchoring
(2) Dynamic Positioning
- In general anchoring is cheaper. Dynanmic positioning, on
the other hand, is not restricted by depth of.water and
by the nature of the bottom. As the technology of dynamic
positioning advances, it is becoming more popular and will
undoubtedly continue to enjoy increased use.
The anchoring of floating platforms in deep water
can be a complicated task. Several good references on the
topic are available, however, and industry seems to have
developed suitable ~~choring techniques for most operations.
49, 50, 52, 5S4, 56, 57, 59, 62, 6u.
Dynamic positioning seems to hold great promise as
an open ocean position-holding technique. Several designs
have proven feasible and the future locks bright for this

technique.Sl’ 53, 55.

Dynamic positioning systems become
more desirable as the water gets deeper and anchoring

becomes progressively more difficult. Dynamic positioning
has been accomplished using a variety of proﬁulsion schemes
including regular marine propellers, tunnel thrusters and
cycloidal propellers. The relative merits of the competitive
schemes depend largely on the platform configuration and
missibn.. References 55 and-Bl tfeat sdme of the advantages

and disadvantages of the three schemes for a particular

type of platform, a monohull drill ship.
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4.1l.c  Structural Design

Structural Design of fixed ocean platforms hés received
much éttentién.in the literature and some reasonably
sophisticated design-analysis tools are now available.

87, 91, 96, 97, 101, 10%. -

An ‘extensive body of data concerningrwave-induced force

analysis on fixedI0cean structures has also become avail-

93, 82, 108. The stresses experienced

able in recent years.
during earthquakes and storm wave conditions have been
dynamically modeled to assess the behavior of fixed platforms

88, 10u. These references

under severe conditions.
cover a span of the last two decades. To review the literature
on. the subject of forces on structures is to engage in a
project of dimensions equal to this one. Thus, only a
hint of what there is appears heré. ‘

The state-of-the-art of structural design fof.
mobile or floating platform design is not as well developed.
Efforts to-impfove existing analysis techniques have been
hampered due to the structural redundancy incorporated

23. The American

into the design of floating platforms.
Bureau of Shipping has published a set of rules for building
and classifying mobile drilling units and several firms

are actively.pursuing full scale test programs.au’ 92, 111.
Comparisons between actual and theoretical stresses are
difficult to obtain for two reasons: 1) the expense of
instrumenting full scale platforms and 2} the difficulty

in properly measuring (or estimating) actual wave heights.
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The results of studies performed and reported to date

suggest that present methods tend to overpredict dynamic

stressés.au’ 9z.

From these and other studies, the following preliminary
conclusions regarding structural design of platforms have
been drawn:

1. Designing for maxinum wave height loading
may not be enough to assure survivability.
Cyclic loading, induced by waves of lesser
amplitude but greater frequency of occurence,’
may cause more damaging stresses.

2. Cathodic protection is effective in reducing
corrosion in underwater portions of the
structures (and thereby prolonging structural
life).

3. Stresses experienced in transit (under tow,
or self-propelled,) can be very severe,
especially for the legs of jack-up type
platforms. This explains the dual design
criteria, one for transit conditicon and one
for operation on-site.

4. The design'maximum wave heights for early
floating platforms were probably toc low for
most ocean areas. This accounts for the
high mortality rate of those platforms.

§

The most common material used to construct almost all

.

mobile and fixed platforms has been some alloy of steel

even though the effects of corrosion can be serious,
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especially if mild steel is used. Careful consideration
must be given to corrosion characteristics in selection
of materials}ﬂ7' Much can be done to reduce corrosion in

'the'“splash zone'" and this area has received considerable
" 100. '

attention.
The use éf prestressed concrete is gaining in popularity,

because it exhibits the desirable attribute of increasing

in strength with immersion in seé water. Most of the large

floating or submerged structures of recent design have

utilized concrete.l’9s 184, 227, 252, 2%3.
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4.2 LOGISTICS

©a) Mobility
(1) Primary or secondary requirement - required speed.
(2) Sea state, wind and current influences
(3) Maintenance and drydocking requirements
|

b) Delivery System

(1) Self-propelled
{(2) Towed
(3) Stability in transit

1. Intact
2. Damaged

¢) Support Systems

(1) Supplies
(2) Personnel - habitability
(3) Emergency and Safety

1. Equipment failure
2. Accident/fire
3. Reserve buoyancy and damaged stability

(4) Product handling

1. Removal
2. Storage

(5) Interface between platform and subsystems

1. Ship, boat, barge or surface effects craft
2. Helicopters

3. Pipe Line

4, Electric power lines
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4.2.a Mobility

The mobility requirements for a platform refer to the
need for the platform to get around, as it were. There
~are several aspects to mobility. Since survivability is
“the prime concern, it automatically defines minimum
mobility. After survivability, the mission role dominates,
if greater mobility is required. From a logistics stand-
point, delivery of the system and maintenance and drydocking
requirements are nexé and are considered to be second order
mobility reQuirements. That is, they don't determine if
a platform can perform but rather how well it can perform.
The relationship between mobility and mission requirements,
for a given platform activity, will be discussed in Section
V (Mission Requirements).

Certain offshore vessels, such as work barges, are
not designed structuraily to withstand severe weather
conditions and must therefore possess a reasonable degree
of mobility to assure their safety. Likewise, platforms
that require drydocking or protected harbors for maintenance
operations must'be mobile enough to avoid lengthy delays
in transit to and from the work site. Drilling pl&tforms
are an interesting example. They are designed and constructed
to withstand the most severe operating conditions. Hence
mobility is no problem, unless the drilling platform is
in transit;li.e. at any time when it is not performing its
primary function of on-site operations. Many drilling rigs
have been lost or severely damaged by bad weather while in

transit or during a jacking operation.
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-

4.2.b Delivery System .

The decision between éelf-propulsion or towed delivery
is a function of platform's mission requirements, expected
on-station service time, and availability of towing vessels.

One of the primafy concerns of the designer is the
~intact and damaged stability of the platform while it is
in transit, whether under its own power or towed.zs’_vo’ 73, Th.
Most sea-based systems are highly susceptible to severe
wind and wave ioads during transit. The controllability
and course keeping ability of a transiting platform is
a prime design consideration. Bad wind, wave, or current

-conditions can severly limit transit speed, cause extensive

damage, and even loss of improperly designed platforms.
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4,2.c Support Systems.
.. The "life-line!" of the ocean platform is the set of
support systems that service it. There are many aspects
to support but, in the first instance, it may be said that
the kind of support required will depend mainly on: the specific
mission, platform type, location (distance ffom supply
sources), number of personnel and required safety margins.
Since the function of support is to maintain operations
safely and efficiently, it is cléar that fhere is virtually
no service that is ndt called upon to satisfy these objectives.
Support systems are basically of two kinds, those
that interface between the platform and the "outside" and
those that provide ancillary services aboard. In the latter
case, services run the gamut from maintenance, repair,
and firefighting to feeding and entertaining personnel.
The interface between the platform and the "outside"
is largely a means of transferring a product (equipment,
supplies, personnel, etc.). The kind of interface used
ﬁill be determined by: type of ﬁroduct being transferred,
geographic location, safety and emergency requirements, and

72, 76, 184, The most common interfaces

weather conditions.
are: ship, boat, barge, helicopter, pipeline, electric
power line. Serious problems often arise when the weather
is bad and transfer is being made between two systems,

in close proximity, and both responding to the seaway.

The transfer-at-sea problem is one of concern to the U.S.

Navy and is presently receiving attention.
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From the foregoing, it is evident that even an ocean
platform is not an island unto itself. There is a strong
requirement to consider sﬁpport systems in basic design,

especially those systems that interface with the platform.



4.3 ECONOMICS

2)
b)

e)

)
e)

f)

g)

h)

i)

Initial cost

Operating cost

Maintenance cost

1. In position
2. Drydocked

Insurance costs
Expected service life
Down~time costs =
Moving costs
Subsystem economics

Product market development

Iv-17
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Economics, of course, pervades all design and mission
decisions. If any one element is too costly, then a more
economical alternative must be found or.the project may
have to be abandoned. Likewise, if a suitable product
market does not ekist, then it is likely to be foolish to
invest in a system designed to produce a product for which
there is not sufficient demand to justify investment.

Very little detailed economic information appears
in the literature. This is probably due to the proprietary
nature of such information and because the literature
usually (and quite properly) addresses itself almost
exclusively to techqical matters. There are some exceptions;
i.e., initial cost data for some drilling rigs are available.
Table V lists some representative tdata on the initial
cost of drilling platfofms. The reliability of such data
is not known. However, it is generally acknowledged that
some rigs can cost 20 million dollars and more.

If capital investment for platforms is not generally
published, then data on operation and maintenance is even
more scarce. These costs are likely to be buried in a
morass of bookkeeping. However, it is equally likely
that such figures are available for specific platforms
(although highly proprietary), espécially when it is
required for company policy decisions. 1In either case,

the data exists; accessibility is the problem.
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Table V MOBILE RIG CONSTRUCTIQN COSTS#

Deseription

Water
Depth
(in ft.)

Estimated
Cost
{in million $)

IvV-19

Delivery
Date

Earl Rowe-
San Antonio

Ocean Tide

Penrod 60

Marlin No. 6

J. Storm II
Stormdrill VII
Penrod 61
Zapata®#*
Penrod 62

Diamond M##%

Fluor
Drilling#=%

JACKUPS

Three triangular
legs, triangular
hull, LeTourneau
design.

Four legs, ship
shape, self-

propelled, Offshore

Mercury type.

Three square legs,
triangular hull,
LeTourneau design.

Three legs,
Levingston design,
National jacking
system.

Three cylindrical

legs, mat supported,

Bethlehem design.
Three cylindrical

legs, mat supported,

Bethlehem design.

Three square legs,
triangular hull,
LeTourneau design.

Three leg,
triangular hull
LeTourneau design.

Three square legs,

~triangular hull,

LeTourneau design.
Three square legs,
National jacking

system, Levingston

- design.

Three legs,
triangular hull,
LeTourneau design.

250

250

300

300

250

250

300

300

1300

300

300

8.5

11

11

1l

11

11

July 1497

July 197

Aug.

Oct.

Oct.

Nov.

Late

Jan.

Feb.

Apr.

May

197

197

187

197

1387,

197:

197

197

1972

®Q0ffshore News, June 1971

*#*%Jame of Company, if rig has no formal name.



Table V (continued)

India - Ship shape, self- 200
Government¥# propelled, Offshore
(0ffshore Co. lercury type,
labor 4 legs.

- contract)
Crestwave . Three legs, 300
Offshore triangular hull,
Serviceg#®#% LeTourneau design.
Rowan Three legs, 250

International®® triangular hull,
LeTourneau design.

Rowan Three legs, 200
International®* triangular hull,
LeTourneau design.

SEMISUBMERSIBLES

Penrod 70 Similar to Project 800
Mohole design.

Sedco-J 3 columns, tripod 800
design. '

Sedco-K 3 cclumns, tripod 800
design. -

Pentagone Propulsion assisted, 600

81-2 pentagonal hull,
S5-colunns.

Sedco-700 Rectangular with 2,000

2 lower barge

shaped hulls,
dynamic positioning,
self propelled.

III~Mark 2 - Self-propelled, 2 600
lower hulls, 6
columns, 1 rec=-
tangular upper
hull. -

Ocean Voyagen Self~propelled, 600
"Ocean Prospector"
type.

14.65

12
15
15

20

20

20

12
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Late 1972

Fall 1971
1972

1972

Dec., 1971
Sept. 197
Dec., 1972

Late 1972

Spring '7

Early 19?

Fall 1873

“*Name of company, if rig has no formal name.



Belle Isle
Sedco 44b

I.J. Pierce

Cyclone

Le Pelican

Saipem IT

Glomar XII

Petrobrag##®

Table V (continued)

SHIP SHAPE AND BARGES
Inland, posted 22

445 ft., ship éhape, Unlimited
self propelled,
dynamic positioning.

Tender/platforn.

Ship shape, 380 ft., 600
self propelled,

converted Cl-HAV1

cargo hull.

Ship shape, 476 ft., Unlimited
self propelled,
dynamic positioning.

Ship shape, dynamic Unlimited

positioning, 431 ft.

Ship shape, self 600
propelled, Grand
Isle class, 400 ft.

. Ship shape, self- 600

propelled,
Discoverer type.

2.5

15

1y

13.5

10

Iv-2]1

Aug.
Oct.

Qct.

Nov.

Dec.

Feb.

Apr.

1973

1971
1971

11971

1871

1971

1972

1972

*%Jame of company, if rig has no formal name.
Source: Ocean 0il Weekly Report
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Reference 23 provides some comparative figures for
insurance costs of platforms of conventional ships that
may be useful in estimating such expenses;' See Table VI
for a summary of this data. General insurance information
may be found in Reference 68. It is quite clear from
Table VI that insurance rates for semisubmersibles are
considerably higher than for regular ocean—going.ships.

- The record of marine insurers has not been good and that
may accouht_for the high rates. However, when one considers
that the annual premium on a platform may be as high as
2-million dollars, it is small wonder that consortia of

oil producers are banding together to self insure.
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~Table VI COMPARATIVE INSURANCE COSTS*

Configuration

Oceangoing Ships
Ship Type Platforms

" Semisubmersible Platforms

Insurance Costs -
Percent Per Annum Insurance Rates

4-1/2 - 5-1/2

7-1/2 - 9-1/2

#*Reference -~ 23.
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The éxpected service life of a platform is a prime
consideration in estimating return on investment. The
key elements here are the expected longevity of the mission
_and the ability of the platform to perform during that
period. Obsolescence is a potential hazard to expected
service life thét is even more difficult to assess.

Down-time costs are fairly easy to estimate for design
purposes. Statistics of past experience in similar situations
are utilizéd to establish an annual reserve of say 3-6%
of capital costs, or some other appropriate figure, in
terms of restoration of the platform to duty. The
loss in production, due to down-time, is quite another
matter-and depands entirely on platform production records
under similar conditions.

Moving costs and subsystem economics fall logically
under operating costs and are fairly easy to calculate.
Acquisition of such data, from proprietary sources such

as o0il companies, is not often achieved.
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4.4 ENVIRONMENT AND ECOLOGY

a) Pollution and waste disposal
(1) Normal production by-products
(2) Accidental

b) Aesthetic design and "fitting" with natural surroundings
¢) Interaction/Compatibility

-Environmental and ecological considerations have
come'to the forefront in recent years. Every day newspapers
feature articles on air and water pollution and their adverse
effect on our environs and ecological base of life. It
is the responsibility of engineers and designers to minimize
the_likélihood of any type of leakage or spillage of a
harmful substance that might occur in the operation of a

platform.zsl'

This may require costly redesign or additional
development work, but both the public and the law make
it quite clear that the environment must not be placed
in undue jeopardy as a consequence of either government
or commercial ventures. The likélihood that pollution
will result from product handling, waste disposal and/or
normal production by-~products must be assessed and
accounted for in the design process.

The effort to alleviate two important sources of
pollution - air and noise pollutioh by aircraft and thermal
pollution due to generation of poﬁer‘- have led to proposals

for new types of ocean platforms. Section V will provide

descriptions of these platforms.
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For those platforms that may‘opérate in locatiogs;.
that bring them under the scrutiny of the public eye,
(e.g., in harbors or close to recreational beach areas),
the physical appearance of the platform can be an important
factor in acceptance by the public. Por such areas, the
aesthetics of a.proposed design can be very important.l79‘

The technology of ccean platform design must be rooted
in a thorough understanding of the marine environment.

A designer must account for the many added design parameters
_ that the sea forces upon him. Corrosion, waves, accessibility,
weather, bottom topography and erosion are but a few of the

problems the offshore platform designer must consider.lls’ 114, 115.
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V. MISSION REQUIREMENTS

In this section, the requirements for each of the missions
listed in Table I (pp II-2,3) will be analyzed according to the
framework developed in Section IV and will comprise discussions
of:

Performance .

%

* Logistics

% Economics

* Environment and Ecology

to the extent that information on thesé elements are available in
the open literature. In Section II (List of Missions), an attempt
was made to.grOup missions on the basis of similar platform
reguirements aﬁd on similarity of performance criteria. However,
as stated earlier, there are nases where several different types

of platforms may satisfy one mission (oceanographic research) or

where one platform may perform well on more than one mission.

The purpose of stating the mission requirements is to provide
a basis for selection of the optimum platform to satisfy each set
of mission constraints and/or to select those design characteristics
.that will produce a multi-mission platform system. To arrive at
either or both of tﬂese solutions, detailed analyses Qf total systems
(of which the platform is one element) are generally required.
This is beyond the intended scope of Phase I which is aimed at
providing input to solution of the optimum platform-design problem.
To that end, this section describes concepts for ocean platform
utilization and illustrates existing and/or proposed platform-

mission relationships.



It will not come as a éﬁrprise thaf there is coﬁsiderable
data available on some missions and a paucity of data on others.
Thus, oil drilling and oceanographic research, which have been
active for some time, claim a large portion of space, while
electronic surveillance and resource recovery occupy considerébly
less space, as befitting their roles as relative'ngw¢omers.
Moreover, there has been much published on the techﬁieal aspgcts
of performance and design yet cost data is virtually nonexistent

in many cases.

It may be said that whatever we have learned from the
literature has been augmented by what the literature has failed

to reveal thereby focusing attention on one deficiency or another.



5.1 OFFSHORE DRILLING

.There is a mass of data and information available on oil-
drilling and production-type platforms. The oil companies, in
their search for new oil and gas deposits, have spearheaded the
development of offshore platforms and the results have been
phenomenal (Fig. 7). Originally, their efforts were restricted
to shallow-water (30' to 150') fixed-type platforms, but the
search for oil has been leading the industry to.greater aﬁd
greater depths. To meet this challenge, the oil companies
have been supporting the development of new types of semi-fixed
(jack-up) and floatihg type platforms. The development of these
platforms has. enabled companies to drill and produce oil in deep
water (1000' and more) énd thus tap previously untouchable oil
reserves. A rapid growth of technology is occurring because
of the oil company efforts. Figures 1 to 6 show a variety of
vertical-column platforms. TFigures 8- 10 are ship form drilling
rigs. Figures 11 - 15 are semisubmersibles designed exclusively
as drilling platforms but combining the attributes of vertical
columns and ship hulls. Figures 16 and 17 are proposed drilling
rigs without any design precedent. Figure 7 shows the interesting
evolution of offshore drillihg platforms.

0il industry technology and experience has formed the basis
for other deep ocean drilling activities. The principal benefactors
to date have been geophysicé; research drilling effofts.127’ 134
The well-heralded éuccess.of the "Glomar Challenger" (Fig. 7,
bottom)135 is evidence of the fruits of this technology sharing.

-

Other industries and agencies have likewise found applications
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for oil industry drilling expertise and offshofélfixed éhd mobile
rig tech_n_qlogy.-la6

Almost every type of marine platform or structure has .
founﬁ a use in the offshore,petroleum exploration and production

industry. Following is a list of specific missions and the

types of vehicles most often used to f£ill the job.

1. Exploratory oil and geophysical exploration:

Ship-type forms are most often employed for
these activities (Fig. 8). Their primary
rattributes are high mobility and deep water
drilling capabilities. Most of the platforms _
'used for this type of mission are self~propelled
and most of the new ones have dynamic positioning
capability (Fig. 9). | '
The petroleum industry is also using large
semi-submersible and jack-up type rigs for
this type of work. They are generally less
. .mobile than ship-types but are capable of
performing as production platforms in the
'event it is neceséary. They also possess a
high degree of stability and low motion response
while drilling. |

2. Pilot well drilling,and'intepim'oil production

All types of semi—subﬁersibles, jack-ups, barges,

submersibles, fixed platforms and even buoys are

employed for this phase of offshore oil production -

(Figs. 1-15). In general, whatever is available

is used. If anything, there is a present shortage
in this area. ) ' '



3. Long term o0il production and workover of existing

wells

In shallow water (up to 100'), this work is performed
exclusively by fixed-type platforms except where
Bottom conditions are so bad that submersible-

type platforms or barges must be used. In deepér :
waters (100" to 300'), articulated columns, buoys,
jack~ups and a few fixed platforms are employed.

It is anticipated that as production goes even

deeper (in excess of 1000 feet), anchored semi-
submersibles and even buoy-type platform concepts
such as appear in Figs. 16 and 17, will eventﬁally

be used. Feasibility studies on very long articulated
columns alsc indicate their suitability for deep

The motions of ship-like stable platforms can cause drilling
difficulties. Several schemes for reducing the angular displacements
(roll, pitch) of such vessels have been proposed, including both

active and passive compensation systems.ua’ W4, 45, 48

For drilling,
it would appear that heaving is of secondary importance and can
be ccmpensated for in the drill-line r:lssel'ﬂl:nly.u2 Yaw and surge
motions of floating type platforms can be of serious éonsequence
in drilling operations.and are of primary importance in the design
of anchorihg and/or dynamic-positioning systems.

ﬁost exploratory drilling platforms and production platforms.
are constructed of some type of steel; The only exceptions are
some of the early shallow-water fixed platforms that were'supported
on woodeh piles. In early designs, concrete was employed only

as pile anchors and as high mass anchors for buoys or floating

rlatforms or for protection of steel parts in the splash zone.
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This is.hbt;frhe“bf'ﬁéwer“designe, espeeiallj-offshere oil etorage
facilities. Most storage facilities planned to date have included
conefefe'as the predeﬁinant structural material.?és

The.suppoft systems of most drilling platforms include the
following:

1. Pewer generation

2. Communications

":Accomodations_for about 50 men

b Personnel transportation systems

5. Drilling or pumping facilities

6. Production handling facilities

7. Safety and emergency systems

8. Storage tanks and stores storage areas

9. Envirommental protectien devices

Power is usuelly generated by diesel or gas turbine generators.
The power to support llfe and hotel systems, productlon or drllllng
machlnery, and communlcatlon systems, muet be self-produced.
Fe;T&yhamically-positioned syetems, power for positioning is
generally drawn.from the main propulsion machihery and not from
the support!system power generators. |
Personnel transportatlon to and from on-statlon platforms

is usually via helicopter or crew boats.72’ 77

These, or SlmllaP
vehicles, are used to carry supplies to working pletforms. Almost
every.drilling platform in operation today hae provision for
helicopter ianding and take-off'(helipads). Among fhe advantages
of the helicopter are high speed; piﬁpoint-ianding cabability |
and the fact that it is not hemﬁered by high sea.s.'?2 The major

disadvahtagee are limited range and peyload;



Almost all production from oil platforms is removed, via
pipe lines, to mass storage areas or directly to waiting tankers.
The danger of explosion and fire are ever presenf on oil
drilling and production platformé. Safety devices are required

by law and can be of major importance in preventing disaster.
The causes of failures are not always known, but Reference 15
provides the following list: \

l. Hurricane or severe storm

2. Instability , _
(a) Improper ballasting, free surface, excessive
topside weight
(b) Material failure
(¢) Unknown

3. ‘Blowout and fire

While Jacking
(a) Structural leg failure
(b) Unexpected sinking of spuds

5, Structural failure of derrick
6. Failure of pressure vessel
7. Unknown causes

The moving of jack-ups from one location to another is
especially dangerous and several failures have been noted.zs’ 81

Environmental profection has come to the forefront of offshore
0il production problems. The Santa Barbara Channel oil leakage,
tanker mishaps, and numerous oil spills have resulted in a veritable
eruption of publice feeling against offshope oil production. With
the passage of new environmental protection laws, strong and

emotional environmentalist outcries, the general concern of the

publiec, and the tightening of goverrment leasing policies, it
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is obvious that environmental protection must be a primary consider-
ation in'the design process of ahy offshore platform. This is
especially true for Arctic region programs.lsu’"lss’ 164,

The economics of offshore drilling and oil production are
quite complex and beyond the scope of this report. That oil
drilling is big business is quite clear from the construction
cost of mobile units as shown in Table V (pages IV-19 to IV-21).
A $20 million investment for a single drilliﬁg platfofm is not
uncommon and provides a small indication of the"scope of investment
in the offshore cil exploration and productidn business.157

The estimated $5000 per day cost of operating,a.semifsubmersible
rig provides some idea as to the extent of moving and down-time
expense.15 Present day operating costs of $10,000 pér day are
not unusual and prob&bly more near the norm for larger platforms.

The expected service life of most'rigé fall in the 15 to 20

year category. Storage facilities and fixed platforms are generally

: |
designed for 20 to 25 years of service,



5.2 OCEANOGRAPHIC RESEARCH

Oceanographic research, perha%s the most widely diversified -

of all the missions, employs four principal types of platforms:

1.
z.
~ 3.
4,

Ships
Buoys
Semisubmerged
FTixed

The oceanographic research area has employed all of the above

platform types in the past.
has planned two innovative research platform facilities

The first is a "super-stable platform" (Flg. 26) w1th the follow1ng

Recently, however, Scripps Institute
' 179, 184

characterlstlcs

1.

4.

Extremely small waterplane area to achieve
a high degree of stability and steadiness
at sea.

Vertical legs that pivot to the horizontal
to permit towing. .

The platform will be composed of two identical
modular units towed to sea independently and
then joined together to form the. operatlng
platform.

The use of steel for superstructure elements and
prestressed concrete and steel for the legs.

The most important innovation is the modular construction

| principle.

This same principle is being proposed for several

other types of large ocean platforms and, if proved feasible,

could be a very important breakthrough.

The second Scripps platform is a bottom-fixed concrete

"island" and is designed to provide a calm water harbor. and base

for a whole array of oceahographic research facilities. It will



be located in 75 ft. of water and about 2060 ft. from shore. -
This type of_platform_cduiq pg_a prototype for future offshore
shipping terminals and artificial harbors.

Other types of stable ﬁlatforms have been used for oceano-
graphic research. The "FORDS" (Floating Ocean Research and
Development Station) is a self-propelled semiusubmefged platform

176, 177

designéd as a mobile oceanographic research base. Buoys

have also found wide-spread application. For example "FLIP" is

a huge spar buoy (20 foot diameter) designed to provide a stationary

research plai‘form.l71

designed for acoustic résearch172 in.deep ocean areas (Fig. 25)
and the "Monster Bﬁoy" is an unmanned buoy for ocean monitoring.
The "Texas Towerﬁ type fixed platform has also fouhd ﬁse as an
oceanographic research station, but it is fixed to the bottom
so 1its use has been restricted to shallow ocean areas (Fig. 27).

The motion performance of oceanographic research platforms
is eritical to the success or failure of a mission. This is
evident from the trend toward "super-stable" platforms. Buoys
must alse have good motion characteristies since the successful
telemetering of data is dependent.on buoy motions. For this
reason, research on stable buoy configurations has received
attention in recent years.zzu? 193, 204

In general, to reduce motions, it is good design (and
operating) practice to remove the natural period of motion(s)
from the significant period range of wave encounter. The heave

natural period may be increased by increasing the underwater

"SPAR" is a similar buoy (16-foot diameter)

194



volume and reducing the waterplane area. The nafufél period of
pitch may. be increased by reducing the waterplane moment of inertia
while the center of gravity is placed below the center of buoyancy.
These principles.are the basis for the design of FLIP and SPAR.

See Table III (page IV-6) for data on motions of platforms.

!
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5.3 ELECTRONIC TRACKING AND SURVEILLANCE

Fixed ocean ﬁlafformS'of the "Texas Tower" variety (Fig;:27)
have beeﬁ the primary type of platforms used for these missibhs#lsg
Most of the technology for their design and construction has come
from the oil industry. The subsystems required for these platforms
are very similar to those for oil production platforms with the
exception that power is generated primarily for communications
and tracking equipment instead of drilling or pumping machinery.
Also, accomodaticns for fewer men are required with a consequent
reduction in overall subsystem capacities. With the exception
of the electronic equipment on board, the design of these platforﬁs
is essentially the same as the design of fixed platforms for oil
production.

As with oceancgraphic research platforms, the danger of
fire is greatly reduced in comparison with oil drilling types.'

Where there is a requirement for deep-water operation, ships
are used. For satellite tracking, stability is essential to prevent
loss of signal reception; To this end, the radar platforms are
normally stabilized independent of any basic ship stabilization.
Some kind of anti-roll system is usually incorporated. Such ships
do not require either speed or mobility and they are normally self-

sufficient for long periods of time.
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5.4  NAVIGATIONAL AIDS AND WEATHER MONITORING

The above missions have several things in common: 1) fhey
'are'pfihcipally accomplished by use of moored buoy-type platforms,
2) with the exception of navigational aids that funetion only
as channel markers, the,budys employ sophisticated telemetry
systems, and 3) they are unmanned ., ¥ |

Navigation buoys are designed to aid ocean going vesséls in
péfformihg'their navigatiﬁnal position checks and. have been designed
ah& used to‘replaée lightships at the entrance to both east and

201

west coast ports. Weather and oceanographic information buoys

are currently in use in the Pacific and a network of buoys is

191, 195, 188

planned. Some buoys perform both functions.

The most successful design appears to be one By General

191 The basic

Dynamics Corporation called the "Monster Buoy."
design has been used for all of the above missions and appears
to be quite succesgsful.

‘The "Monster" is essentially a 40' diameter disk with a
central tower used to mount instruments, sensors, and broadcasting

antennas. It can be anchored in any depth water and is designed

to survive 150-~knot winds, 60-foot waves and 1l0-knot currents.

*This does not take into account the weather ships which are
manned. However, these vessels are slated for extinction as
the automatic unmanned systems come into widespread use.
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Competing systems have been developed recently urnder aHNOAA
contréct with Lockheed Missile ‘and Space Company. This buoy has
a streamlined, boat-shaped hull and is supposed to have a better
chance éf.survival in severe storms (Fig. 30). Its missions
would be the same as for tﬁe General Dynamics design.

Fiéurés 18 —.24 show a variety of buoys used for different
purposes.

For telemetry purposes, the dynamic response of buoy platforms
must be within tolerable limits as shown, for example, in Table III
(page IV-6). A position watch circle on the order of 50-~100
feet is usuallj adequate for most purpdses and can be achieved
with a single taut-line mooring system.

Most buoys are required to operate in a sea state 5 (and
survive hurricane seas). An exception is the Lanby buoy (Fig. 29)
which is purported able to withstand winds up to 100 knots, waves
to 40 feet and tidal currents to 7 knots.201

The published design data on buoys have been sparse on structural
information. In general, rugged construction at least sufficient
to withstand dynamic loading (waves) is recommended.

Speed is no consideration here; nor is mobility. Delivery:
is effected by a vessel of some kind. However, anchoring is very
important and, as stated earlier, a single taut-line anchor system
is usﬁally adequate. The mooring line may consist of chain,
cable, or polypropylene that permits a free watch circle motion

of the buoy.



Little auxiliapy,support is required, since the systems
are designed to opeﬁafe unatténded for long ﬁeriods of fime
(4 to 6 months between servicing). A shore-control station may
be needed to carry out checks on the buoy's equipment.

The costs to acquire, operate, and maintain such systems
naturally'vary with the size of the buoy and its compléxity..
As a rule, thé buoy platform is considerably less expensive than
a conventional manned vessel. The LAnby buoy, mentioned earlier,
costs about half as much as a modern liteship and that includes

shore-based moniforing equipment. Its operating costs are about

10% those of a liteship.
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5.5 OCEAN RESOURCE RECOVERY AND BOTTOM MODIFICATION

Interest in offshore dredging and deep ocean mining has
intensified in recent years. As harbor facilities are out-
stripped by ship size, offshore dredging has become more and more
in demand as have deep mooring and offshore ports (see 5.12).
More seaworthy and déeper operating dredges are required.zos’ 207, 213
Several proposals for the mining of deep sea mineral mnodules

have been put forth.210

The most promising are:
1. Continuous bucket-line dredging (Fig. 31), and
2. Hydraulic dredging.
Prototype systems of both of.thése systems have been built
and tested. Reference 212 describes the results of continuous
bucket line dredging at depths of 12,000 feet. Reference 211
describes a prototype hydraulic mining system.

Béth of the ventures listed above appear to hold promise
and could be competitive in many respects.

The vessels employed to date have been conventional ships
converted to perform a specific mission. It is likely that such
ship forms will continue to find favor for ventures of this type
because of the high mobility required for ocean mining. Hydraulic
ocean-~mining vessels will most likely be propelled or towed during
operation and therefore will require only normal anchoring and
no dynamic positioning systems. Bucket-dredging vessels must
align themselves perpendicular to the current for maximum
efficiency and therefore will probably require positioning

thrusters, as well as a conventional anchoring system.
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The economics of mining ventures are highly dependent on the
quality of the recovered ore. Indications are that the ore
deposits are of sufficient quality to allow for commercial
exploitatio_n.5 A review of the economics of manganese nodule
mining is provided in Reference 208.

The ecological aspect of bottom modification has received
too little attention. Any perturbation of the bottom, on the
'scale being undertaken at present and contemplated for the future,

is bound to have effects that must be assessed as soon as possible..

i
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5.6 FIISHING SYSTEMS

There are two principal techniques, employing ocean platforms,
that ave espoused for fish and sea life extraction from the world's

oceans and inland waterways.zlg

The two systems are the highly
mobile and the fixed or semi-fixed types.

Mobile systems are presently in use by many nations, especially
Russia, and are usually composed of a central or processing ship
being attended to by a fleet of smaller "collecting vessels"

(Fig. -35).2%7

Another example would be a whaling factory ship and its
associated smaller hunter-killer vessel fleet. The principal
advantﬁges are that a mobile fishing fleet can ply waters far
away from intended markets for extended periods of time and‘can
follow the seasonal migration of the quarry, and existence of
much hydrodynamic design knowledge (since the vessels are much
like a conventional ship). The station-keeping requirements are
quite loose and only a general vicinity boundary is app;ied.

Such a ship is usually required to survive extrémely severe
‘weather conditions and to serve as a tender for the smaller vessels
in the event of trouble or disaster.

Economic information on such.systems was not diséovered in
this literature search. Much information is known to be available,
howevef, from the National Fisheries Service and related govern-
ment agencies.

A fixed or semi-fixed system employs a stable platform, either

permanently fixed to the bottom, or anchored to remain relatively
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stationary. It has been found that commercially marketable fish
tend to gather and school around offshore structures under changing

220

current and seasonal conditions. Ideas to "herd" or harvest

fish using lights and submerged tent-like devices have been sparked

218, 222

by such discoveries. Indeed, proposals for a fixed fishing

platform which would attract, harvest and process fish have appeared

in industry 1iterature.221

A pilot platform may be 1in operation
in late 1971 or early 1972 (Figs. 32-34), that would be located
in deep water (1,200 feet), mounted on pylons and well beneath

225 The platforms would serve

the effects of surface weather.
as a base of operation-for underwater fish harvesting. Another
proposed system would use a platform to pump deep nutrient laden
sea water to the surface and thus provide an environment attractive
to commercially desirable fish. Power to pump fhe nutrient laden
water would be provided by wave action generation of electricity.
Other uses for platforms, aside from harvesting fish, have
been proposed. For example, U.S. Patent 3,499,421 is a platform -
designed to provide basic facilities for rearing lobsters.zzu
The motion requirements for such platforms have not been
noted in the reviewed litefature. Heave, pitch and roll motions
of anchored type platforms may, however, play an important role
in the efficiency of fish retrieval, especially if the retrieval
devices are located substantially below the platform’s rnormal
operating height and thus have long moment arms from the center

of motion. Also, excessive motion may result in the loss of

fish attracting ability or efficiency. The platforms should be
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capable of surviving extreme conditidns-since, as they are
presehtly conceived, mobility is of secohdary importance and they
will be expected to stay on station for extended periods of time.

For bottom-fixed structures, deformation under wave-loading
andﬁtoppling in high seas must be considered. Stationlkeeping is
no problem and sea stéte usually is not either. |

The economics of this type of fishing have not been fully
explored. This is largely due to certain unanswered biological
questions. Dr. E.F. Klima has made a preliminary cost estimate,

however, and provides these figures for a typical platform of

the type he is developing:Zl8
Initial cost $350,000
~ #Fixed costs per year $ 87,000

Operational Costs per year $ 60,000
Annual expected profit $100,000+
He notés that market devélopment for fresh and frozen fish

of the type expected to be harvested has not occﬁrred. All his
estimates, therefore, are based on processed fish products. His
platform does not include processing facilities, but relies on
barge transportation of the captured fish to land based processing
plants. Other proposals include processing plants on the central

221 The National Marine Fisheries Service is sponsoring:

platform.
much research in the fishing platform area.

Auxiliary support in the form of a transportation link to
the support base is required. Such a link might be a supply boat,

ccean-going tender or helicopter, depending on a variety of factors.

“includes depreciation, interest, insurance, maintenance and repairs
for a service life estimated at 10-20 years.



In the Gulf of Mexico, 2,200 platforms are located from -
one to 75 miles offshore and exteﬁding intq the path of the
Caribbean Current. Since these platforms first appeared, aﬁ_
almost six-fold increase in the commercial fish catch has been
reported,ZZU Where the fish came from is not known. What

environmental imbalance is being created is also not known.

The épparent benefit must be truly assessed.

V-2.
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5.7 OFFSHORE PROCESSING _ .

The concept of large offshore platforms being used for
such diverse activities as mineral processing, oil refining and
processing of medicines and fresh water from sea water has been
put forth in References 226 and 227. The principal advantages

of offshore processing are:

1. Processing of materials close to raw material

!

sources and provision for a central distribution
point for world market products.

2. Elimination of air pollution near populated areas
and alleviation of thermal pollution of coastal

waters.

3. Harnessing of large ocean currents to supply
energy for processing. '

The engineering and economic parameters for offshore ﬁrocessing
plants have not been formulated in any detail. It would appear
that the concept of offshore processing is only in the feasibility

stage of development.
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5.8 OFFSHORE POWER GENERATION

Offshore power generation will soon become a reality. The
United States Navy already has nuclear-powered weather-monitbring
buoys at sea and Westinghouse and Tenneco have announced joint
plans to build platform-mounted nuclear power plants for offshore

installationJQsO’ 235

Several places, such as the Southern
California area, have a great need for more electrical power,
but at the same time find it necessary to curtail environmental
deterioration resulting from land-based power operations._ Power
plants located twenty to fifty miles at sea might be capable of

solving the dilemma.232

The Westinghouse-Tenneco effort has been
designed for protected areas but could be adapted to solve problems
like those in Southern California. The project would satisfy

the following needs: |

1. Provide nuclear generating plants economically
close to load areas.

2. Shorten construction time and reduce lead time
for regulatory procedures by standardizing plant
design.

3. Reduce thermal effects because the sea would be
used as a heat sink.

4. Reduce utility land acquisition costs.
Power would be transmitted ashore by means of underwater
cables.
Safety from ship collision would be provided by an artificial
island surrounding the platform (Fig. 36). |
A concept has also been proposed that would employ large

turbines to harness strong ocean curr'ents.227
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5.9 SURFACE SUPPORT OF SUBMERSIBLES AND. SEABED HABITATS

Tﬂé'support of deep diving vehicles and seabed habitats
depends heavily on stable operating platforms on the surface that
act as lifelines for the vulneraﬁle underwater systems. The
"mother-ship” principle has been employed frequently for deep-
diving research vessels. In the past, most "mother-ships" were
converted barges, but recent designs have employed_catamarans.zss’ 238
The superior stability and motion characteristics of the catamaran
(compared to a barge), its 1arge.deck area, and its high mobility,
make it desirable for small submeraible support.

Seabed habitats, especially those located a distance away
from shore, must have a surface platform for support. This support
must be equipped to provide: power generation, supply depcts,
emergency facilities, and surface 'commumicaticn., Sevefal types
of platforms méy be feasible for use as support structures for
undersea habitats. Among those being considered for shallow
water use are jack-up rigs, catamaran hulls and through-hull
barges.hag'

The use of a dynamically positioned support platform for
unmanned submersible.yehiéles has also been proposed.237

It ig anticipated that the technology for any of these platforms
would be firmly based on offshore oil platform development and
experience. |

The required operational sea state is normally given as
sea state 5. However, the very sensitive mission of such a sea-

based system makes it mandatory that operation be extended to the

highest sea state possible.



V=25

5.10 OFFSHORE WORK PLATFORMS

There are four principal applications for offshore work

platforms:
!

. Construction
. 'Salvage and retrieval
. Pipe and cable laying

P L N

. Surf-zone construction

Most offshore construction platforms of early design are of

the barge type. One of the principal drawbacks to such a config-
uration is the pbor seaworthiness of barge-like vessels.. If
severe weather conditions threaten, the barge-type vessels are
either unable to function or they must retreat to protected waters.
This was not a severe penalty to pay when most construction occurred
in near shore waters. As the o0il industry has moved further out

to sea, the offshore construction vehicles have been reguired to move
further and further from protected waters. This trend has resulted
in the design of new types of offshore construction vessels.

These new types include the "semi-~submersible barge" types

(Fig. 39)3“0’ 241 and "self-elevating" or jack-up types.zuu Both

of these types have proven themselves in service and represent a
genuine advancement for the offshore construction industry.

Salvage and retrieval platforms are generally of the ship-like

form, probably because of mobility requirements and availability.zus
Most of the advances in this area have come in the salvage technique
itself, rather than in the platform design.243

Pipe-laying is generally accomplished through the use of

a construction platform (Fig. 40) for handling the pipe and a
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barge for pipe storage. The technology is thus closely'related_

to offshore construction platform design.2l+2
Two unusual platfofm configurations were discovere& in the

course of the literature search. The first one is a platform

designed for surf-zone construction.2QT

The platform literally
"walks" in the surf. The second is a barge that holds an |
observation tube for supervising underwater civil engineering
work (Fig. 38).2%%

Figures 38-40 show some selected samples of construction

barges.
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5.11 OFFSHORE PERSONNEL SUPPORT STRUCTURES

There are three general missions for offshore personnel
support:

l. Floating cities, hotels and recreation centersll’ 250

2. Floating air termina15252

3. Mobile ocean base for military operations.25u

All of these concepts have one thing in common, the use of
modular units to "build up" a platform of the desired dimension.
The feasibility of this concept is being tested at the present
time by the Scripps Instituteé Project mentioned in Reference 184.

- A floating airport in a coastal region has several advantages
over the land baéed airport. It eliminates the necessity of
acquiring expensive land; it removes danger, noise, and pollution
from neighboring communities; and, finally, it will not interfere
with existing flight patterns. Flair, Floating Airport,250 concept
is a scheme using a moored buoyancy chamber. Vertical columns
connect the flight deck with the buoyancy chamber of precast
concrete and the whole system is moored to mass anchors by cables
under tension. This floating airport is recommended for a 200
to 400-foot depth of water (Fig. 42). The following design

characteristics are given for FLAIR:

Wave height (operational) 40!

Wind (survival) 130 mph

Designed Life Span 25 years

Material Steel and concrete
Cost per module per sq. ft. $29.40

Total cost of proposed air terminal $1.1 to 1.4 billion
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An idea very similar to FLAIR, except that it would have to
be more mobile, is the at~-sea ocean base briefly mentioned in
Reference 254, Developmental work on this concept is being carried
out by the U.S. Naval Civil Engineering Laboratory (Port Hueneme,
California). Once again, concrete has been selected as the primary
construction material and modular construction is proposed.

Seatel, Sea Hotel,225 is planned for a reef off the Queensland
coast of Australia. The project envisages a circular ‘building
standing on stilts on a reef. The seatel has a roof-top helicopter

pad, underwater observatory and shark-proof swimming pool (Fig. 41).
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5.12 OQFFSHORE COMMERCE FACILITIES

Interest in 6ffshore commerce facilities has vrisen as a
result of the development of bulk-carrying supefftankers:and the
attractiveness of offshore materiél storage. Few world harboré
are capable”of handling today's super tankers. With even larger'
ships being proposed (as large as 1,000,000 tons), existing harbor
facilities will become even more restrictive. For this Yeason,
0il and ore interests are looking toward déep water terminals for
their vessels. Presently, the most popular solutions are "monobuoy"

mooring (Figs. 46, 48, 5g)269, 273

and the lightering at sea concept
(Fig. 45). Other proposals have been made and include the'following:

1. Semi-submerged platforms as offshore ports and storage

areas for all types of ocean gt:oing'::*.h:';ps-(P:i.‘g.-Sl)-252

2. Many variations of the "single point mooring" concept.

3. A variety of fixed platforms in near-coast waters
with calm water harbors protected by floating break-

waters (Fig. 56) capable of being "tuned" for the

predominant wave length.l793 227, 261, 267

4. Mobile ore loading for land areas with rich mineral

regsources but with no natural harbors.268’ 273

Supef tankers have lead to still ancther concept - the storage
of bulk materials at sea. The desire to minimize tanker loading
and unloading. time has resulted in the development of deep water
storage'facilities. Another advantage of offshore storage is that
such a facility provides a central collection point for offshore
o0il field produetion;. Most offshore storage facilities are of
the bottom fixed type (-Pig.'55)266 but proposals have been made

to employ mobile, articulated column-type platforms as well.?’?
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Most floating research ocean platforms and'buoys are anchored
in position. Station keeping is generally not as important as
" it is for offshore drilling platforms. Ability to remain in
one place is generally no more critical than the accuracy of the
navigation system that estimates where the platform is located.
Mobility is usually of secondary importance for ocean research
platforms. An exception is the "FORDS" design which is self-
propelled and designed as a mobile base. Almost all other types
rely on towing to reach their destination and some type of anchoring
system to keep them on station.
The structural design of ocean research platforms woﬁld
require the same type of analysis as would their drilling platform
counterparts. The "Spar" and "Flip" type 5uoys require special
consideration because of their horizontal transit position.
They must be deéigned to withstand the rigors of wave-induced
bendihg'momenfs during the transit as well as the hydrostatic
loads in the sections that are deeply suhmerged ﬁhéq_on station;
The use of concrete for underwater structural components
is gainingﬁpopularity and represents a new trend in offshore
platform design.laq
The principal support systems for these platforms are power
generation, communication systems, and anchoring systems for
unmanned platforms,.plus life support systems for the hanned
platforms. The oceanographic research mission generally produces.

some form of telemetered or recorded data and/or marine samples.

Service vessels for manned platforms usually comprise ship or
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helicopter systems and for unmanned platforms, they are aimost
- exclusively ship systems. These vessels are required for supply,
-repair, and personnel transfer duties.

Environmental protection and ecological considerations are
minimal for research platforms, but care must be exercised to
assure that fuel is not lost and that waste products are not
allowed to escape in a harmful form.

Safety must be built into ocean research platforms in much
the same manner as for oil-industry platforms. The big difference
is that the danger of a blowout or fire is insignificant for
research platforms.

There was nho ﬁseful economic data uncovered in the literature

search. '



VI-1

VI DISCUSSION AND CONCLUSIONS

It was not intended at the outset that this modest under-
taking should result in a tome of this magnitude. In retrospect,
it is not surprlslng Consider that we ave preparing input for
a study involving some 30 missions at sea utilizing every
‘conceivable sea-based system and treating technical, economic,
and ecological aspects. No, it is not surprising; indeed, from
all the written material uncdvered we were surprised that relatively
little hard data was forthcoming.

The source material used in this report comprises everything
that could be found in the literature. To this end, some 300
references are reported herein. Since the subject of ocean
platforms is relatively new, most of the references beer dates
‘of the last 10 years and the majority of those have appeared
in the last S years. More important, even as this is being
written, reports are being_published-at the:rate of al@ost one
a day. Of course, many deal with the same subject, but the spate
of words will not be denied

Table VII is a breakdown of the dlstrlbutlon of references
+hat is quite revealing. Approximately half the references (152)
are purely technical while most of the others (134) are expository

in pature, appearing 1n_ popular trade magaz1nes and the like.
Also included are a handfullof newspaper accounts (6).  Perhaps
most indicative of the SPectrem of published sources dre the

two successive entries, Royal Society of London, Proceedings,
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Table VII DISTRIBUTION OF REFERENCES

Number Kind
of - - of
Refs. Information* Source
(%) + Amer. Bureau of Shipping
(1) & Amer. Institute of Aero. and Astro.
(1) + American Scientist
() * Amer. Soc. of Civil Eng.
(1) * Amer. Soc. of Mech. Eng.
(1) % Amer. Towing Tank Conf.
(1) ® Architecture Forum
(3) * Books
(1) * California, U. of; Report
(3) + Center for Study of Democratic Inst.
(2) + Congressional Record
(1) * Davidson Laboratory, Stevens Inst. of Tech.
(1) + Europe and 0il
(2) + Fortune
(1) * Genie Civ. (French)
(5) * Geo-Marine Technology
(1) #* Houille Blanche
(1) * International Shipbuilding Progress
&) - Long Island Commercial Rev. (Newspaper)
(3) + Machine Design
(1) ® Marine Engineering Review
(7) & Harine Tech. Soc.; Journal
(13) fe Marine Technology .
(8) * Marine Tech. Soc.; Trans.
(7) + Maritime Reporter/Engineering News -
(2) % Mass Inst. of Tech.; C.E. Dept.
(1) % Naval Electronic Lab.; Rept.
(1) * Naval Research Lab.; Rept.
(2) % Naval Ship Res. & Dev. Ctr.; Rept.
(6} * Netherlands Ship Model Basin; Symposium

(3) New York Times
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Table VII (Cont'd)

Ocean Industry

(74) +

(6) + Oceanology International

(10) + Offshore .
(6) ® Offshore Exploration Conf.; Proceedings
(L) + Offshore 0il and Mining

(26) * Offshore Technology Conf.; Proceedings
(7) + 0il and Gas Journal

(1) + Optical Spectra

(1) + Petroleum Soc. of CIM

(3) * Royal Inst. of Naval Arch.

(1) & . Royal Soc. of London; Proc.

(1) + Saturday Review

(1) + Science Horizons

(2) -+ Scientific American

(1) % Scripps Inst. of Ocean.; Rept.

(1) + Sea Frontiers

(1) # Ship Research; Journal of

(u47) B Soc. of Naval Arch. and Marine Engrs.
(1) + Southwestern Legal Foundation

(6) + Undersea Technology

(1 + Underwater Journal

(1) % Underwater Science & Tech. Journal

(1) * U.8. Navy Symp. on Military QOceanogr.
(1) - Wall St. Journal

*

The symbols in this column may be interpreted as follows:
(*) basically technical information; (+) general expository
articles dealing with concept, may contain some technical
data; (~) primarily items of newsworthy nature, technical
data questionable.
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and Saturday Review. However, a quick scan of the publications
in Table VII will show the range and also suggest that there
are a number of sources which have not &et been tapped.

The largest source of hard technical information came from
the Society of Naval Architects and Marine Engineers (including
Marine Technology) with 60 entries. Only the Offshore Technology
Conference, an annual convention, with 26 entries was remotely
close. The unusual aspect of this revelation is that platforms,
as such, play a very small role in the activities of the Society
of Naval Architects. In fact, a technical panel to considef the
subject was only formed within the last year. |

The purpose of this phase of the program is to provide input
to a complete analysis of 1) optional platform design for each
mission, and 2) general platform design for multi-mission possi~-
bilities. Judging from the frenzy of activity in getting platforms
off the drawing boards and into the sea, we have undertaken
this study none to soon.

The prime source of offshore technology development is, with-
out dispute, the petroleum industry. Almost every existing or
proposed offshore platform, with the exception of navigational
and weather buoys, has its roots in a design based on offshore
0il technology. A look at ocean platform technology must therefore
begin wifﬁ a view of the offshore o0il industry. Other industries,
however, are bégiﬁning to develop modified cohcepts designed to
provide more optimum configurations for their particular objectives.
This is especially evident in oceanographic research and is

beginning to appear in the design of large oceanic base concepts.
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The most notable developments here are the use of concrete and
steel and thé empha§is\cn modular construction. One of the most
promising areas in offshore design is the developﬁent of versatile
modular units.

We have assembled a body of information here that has been
gleaned from the open literature. There is undoubtedly more to
be discovered and a considerable amount of data that is unpublish:c
that can be obtained for legitimate use. All in all, there is
enough input for the various missions and platforms that appropriate
analyses of performance, logistics and economics can be undertaken.
If there is a paucity of data it-is in the environment and ecology
area. We just don't know what the effect of platforms, that
assume the prominence of morpﬁological features in the ocean,
is likely to be, either locally or in the far field, either now
or in the future. In the next phase of this work, we hope to

shed some light on this area.
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VII - REFERENCES

The following references were the primary source material
for this study. The documents that were gleaned from the.
literature cover the entire spectrum of scientific reporting
from lengthy dissertations in erudite journals to one liners
in newspapers and adﬁertisements in trade magazines.

To maximize the value of the.references, they have been
grouped according to general requirements of platforﬁs (Séction &)
and according to the mission requirements (Section 5) as
listed in the Table of Contents. Within each group, the
references are alphabetized according to author. Where there
is no author,'alphabetical arrangement by title follows the
authored papers. Occasiconally, references in another group
are referred to in a foothote at the end of a particular
group. IThis is not the limit of overlap. Obviously, some
papers would fit quite properly in a number of groups:

Documents about stable platforms continue to appear.

All those that were discovered after this report was prepared
have been placed in a Miscellaneous group at the very end

of the references section.



10.

11.

VII-2

OCEAN PLATFORM CONCEPTS

Agnew, S.T., "Ocean Prospects for the 1970's," Science
Horizons, No. 117, 1870, p.3. :

Bascom, W., "Technology and the Ocean,” Scientific\ :
American, September 1969.

Burnell, E.H. and Von Simson, P. (editors), "Ocean
Enterprises,” Center Occasional Paper, Center for the
Study of Democratic Institutions, July 1970.

Howe, R.V., "Offshore Mobile Units," Ocean Industry,
Vol. 3, No. 7, July 1968,

Keil, A.H., "The Challenges of Ocean Engineering of
the Future,” Marine Technology, January 1968.

Laque, F.L., "Deep Ocean Mining: Prospects and Anticipated
Short-Term Benefits," Center Occasional Paper, Center
for the study of Democratic Institutions, July 1970.

Lee, G.C., - "Offshore Structures; Past, Present, Future
and Des;gn Considerations,” O0ffshore Exploratlon
Conference, Feb. 1u4-16, 1868.

McLean, M.C., "What did MOHOLE Accomplish?," Oceanology
International, July-August 1967, P. 32.

Roseman, Johnson, Wedster, "Vehicles for Ocean Englneerlng "

SNAME, Diamond Jubilee, Spring Meetlng, 1968.

Stewart, €.S., Pontecorvo, G., "Problems of Resource
Exploration: The 0il and Fishing Industries," Center
Occasional Paper, Center for the Study of Democratic
Institutions, July 1870.

Stover, Dr. L.V., "Forecast of World Ocean Objectives,"
Qcean Industry; Vol. 5, No. 8; August 1970; p. 22.

1z2.

13.

ll'l'.

"Floating Ocean Platforms," Ocean Industry; Vol. 6,
~No. 11, Nov. 1971, p. 2u.

"Industry Leaders Discuss Future," Offshore 0il and
Mining; Vol. 4, No. 11; Nov. 18689.

"The Roll of Private Industry in the Deep Ocean,"
Dallas, Texas, Symposium on Private Investments Abroad,
Southwestern Legal Foundation, June, 1969.



15.

16.

17.

18.

19.

20,

21.

22‘

23.

VII-3
GENERAL PLATFORM DESIGN

Bader, J., "Ocean Platform - State of the Art,"
Offshore Technology Conference, Paper 1282, April 1870.

Carrive, F. and Julien, B., "Designing Highly Stable
Floating Platforms," Ocean Industry, Vol. 4, No. 8;
August 1969, pp. 48-52.

Harris, L.M., "Design for Reliability in Floating
Drilling Operations," Offshore Technology Conference,
Paper 1157, 1970. :

Jayne, G.G., "Military Applications of Stahle'bcean
Piatforms," Maritime Reporter/Englneerlng News,
July 15, 1985.

Momsen, "Perpendicular Ocean Platform," SNAME, Los
Angeles Section Paper, October 13966.

Myers, J.J., Holm, D.H., and McAllister, R.F., "Handbook

‘of Ocean and Underwater Engineering," McGraw Hill,

New York, New York.

Rechtin, E.C., Steele, J.E., and Scales, R.E., "Engineering

Problems Related to the Design of Offshore Mobile
Platforms,"” Trans. SNAME, Vol. 65, 1957.

Remery, G.F.M., "Model Testing for the Design of

Offshore Structures," Symposium on Offshore Hydrodynamics;

Netherlands Ship Model Basin; Wageningen, Netherlands;
Aug. 1971.

St. Denis, M., and Allmendinger, E., "Problems of Ocean
Platforms,” SNAME Spring Meeting Preprint, May, 1871.



24,

25.

26'

27.

28,

29,

30.

3l.

2.

33.

aq.

35.

36.

VII-u

'MOTIONS

Adie, "Experimental and Theoretical Studies of Spar

- Type Stable Platforms in Regular Seas," SNAME Northeast

Section Paper, May 1968.

Blazy, J.P., et al.,"Elfocean - Full Scale Tests and
Mathematical Model," Offshore Technology Conference,
Paper 1401, April 19?1.

Burke, B.G., "The Analysis of Motions of Semi~-Submersible
Drilling Vessels in Waves," 0ffshore Technology
Conference, Volume 1, 1969.

Hooft, J.P., "Designing Platforms for Minimum Motions,"
QOcean Industry; Vol. 5, No. 12; December 1970; p.- 27.

/
Kaplan, P., "Methods of Predicting Motions of Moored
Ships in a Seaway," SNAME, Los Angeles Metropolitan
Section, 1968.

Kim, C.H. and Chou, F., "Wave Exciting Forces and Moments
on an Ocean Platform Fixed in Oblique Seas,” Second
Offshore Technology Conference, April 1870.

Lap, J., and van Lammeren, J., "A Research Facility
for Offshore Problems and Maneuvering of Ships into

~ Harbors," SNAME, Gulf Section Paper, April 196%4.

Mercier, J.A., "Motién Response of a Related Series
of Vertical Float-Supported Platforms in Irregular
Seas," Davidson Lab., Rept. 1334, Feb. 1970.

- Mercier, J.A. "A Method for Computing Float-Platform

Motions in Waves," AIAA Paper No. 69-400; Second Advanced
Marine Vehicles and Propulsion Meeting, May 1969.

Muga, Bruce J., "Experimental and Theoretical Study
of Motion," Offshore Technology Conference, Paper 1026,
First Offshore Technology Conference, May 18 - 21, 1968.

Nordenstrom, Nils, Faltinsen, 0dd and Pedersen, Bjorn,
"Prediction of Wave-Induced Motions and Loads for
Catamarans,"” Det Norske Veritas, Offshore Technology
Conference, Paper 1418, April 1871.

pDosterveld, M.W.C., '"Symposium on 'QOffshore Hydrodynamics'
Publication No. 375, Netherlands Ship Model Basin,
August 1971.

Rey-Grange, A.C., "Design and Actual Behavior of
Pentagone 81 Semi-Submersible Drilling Platform,"
Offshore Technology Conference, Paper 1388, April 1971.



37.

38.

39.

40.

VII-$

Rudnick, P., "Motion of a Large Spar Buoy in Sea
Waves," Journal of Ship Research, December 1957,

St. Denis, M. and Eng, D., "Analysis of the Dynamics
of a Driliing Platform of the Jack-up Type in the
Flocating Condition,” Proceedings of the Offshore

- Exploratien Conference, 1966.

Wahab, R. and van Sluijs, M.F., "Some Remarks on Model
Testing with Floating Platforms in Waves," Marine
Technology; Vol. §, No.'k; October 1968.

Watts, J.S., Jr., and Faullener, R.E., "Design of
a Drilling Rig for Severe Seas," Ocean Industry;
Vol. 3, No. 11; Nov. 1968.

i1,

"Motions of ASR Catamaran in Irregular Waves at
Various Headings," Naval Ship Res. & Dev. Center,
Test Report 122-H~07. :



42.

3.

Ly,

45.

ug.

u?.

48,

VIIiI-6

MOTION STABILIZATION

Butler, B. and Larralde, E., "Motion Compensatlon on
Drilling Vessels," Offshore Technology Conference,
Paper 1335, April 1971,

Fersht, S.N., "A Tuned Gyro-Stabilizer for Offshore
Drllllng Vessels," Proceedings, OECON Offshore Exploration
Conference, 1968.

Field, S., "Application of the Flume Stabilization
System to the Offshore 0il Industry," SNAME Gulf
Section Paper, September 1966.

Garcia, Emilio, C., "The Detuning Tank - An Effective
Stabilizing Device," Offshore Technology Conference,
Paper 1415, April 1971.

Hilder, J.R. Jr., "The Mat~Stabilized Semi-Submersible,"”
Ocean Industry, August 13871, p. 26.

Schuller; YA Variable Stability'System for Column
Stabilized Offshore Drilling Platforms," SNAME Gulf
Section Paper, February 1967.

St. Denis, M., “"The Rell Stabilization of Offshore
Drilling Vessels by Passive and Activated Tanks,"
Proceedings, Offshore Exploration Conference, 1967.



Lg.

50.

51.
52.
53.

Sh.

58,

56.

5?.

58.

59..

60.

61.

62.

VII-7

MOORING AND DYNAMIC POSITIQNING

Berteaux, H.0., "Design  of Deep-sea Mooring Lines,”
Marine Technology Society Journal, Vol. 4, #U4,
May - June 1970, p. 33.

Bronson, E.D., "Deep Anchoring 'FLIP'," Marine Technology
Society Journal; Vol. 5, #3; May - June 1871; p. u2,.

Foster, K.W., "Dynamic Anchoring of Floating Vessels,"
Transactions of the Second Annual Meeting of the
Marine Technology Society Conference and Exhibit, 1966.

Graham, J.R., "A Discussion of Problems and Knowledge
Concerning Statlon Keeping in the Open Sea," Ocean
Industry, Aupgust 1966,

Graham, et al, "Design and Construction of the Dynamically
Positioned Glomar Challenger," SNAME Spring Meeting
Paper, 1969.

Graham, "Mooring Techniques in the Open Sea,” Marine
Technology, April 196&5.

Harbonn, J., "The Terebel Dynamic Posifioning System -
Results of Five Years of Field Work and Experiments,'
Offshore Technology Conference, Paper 1499, April 1971.

Hearn, "Constant Tension System for Deeply Submerged
Loads,” SNAME, Los Angeles Section Paper, March 1967.

Hilleger, "Open Sea Equipment Mooring," SNAME, Los
Angeles Section Paper, April 1963.

Lagers, G.H.G., "Dynamic Positioning of the Drilling
Ship PELICAN," Symposium on Offshore Hydrodynamics;
Netherlands Ship Model Basin; Wageningen, Netherlands;
Aug. 1971.

Liu, C.L., and Smith, J.E., "Deep Sea Moorings,"
Oceanology International, November/December, 1969.

Seidl, "On the Dynamics of Moored Vessels in Irregular
Seas," SNAME, Hawaii Section Paper, October 1968.

Sjouke and Lagers, "Development of Dynamic Positioning
for IHC Drill Ship," Offshore Technology Conference,
Paper 1498, April 1971.

Smith, "A New Mooring System for Floating Platforms,”
SNAME Gulf Section Paper, February 1969.



; ViI-8

63. Taggart, R., “Positioning the Drilling Ship Over the
Mohole," SNAME Cheasapeake Section Paper, February 1961.

6L . "Anchoring and Dynamic Pesitioning," Ocean Industry;
Vol. 7, No. 4; August 1966.

65. "I.H.C. Holland will Build Eurcope's First Drill Ship,"
Ocean Industry; Vol. 5, No. 7; July 1970; p. 22.

65a. "Where Dynamic Positioning Stands," Offshore; Vol. 22,
: No. 5; May 1968. |



66.
87.

68.

69.
70.

71.

72.

73.
7y.
75,

76.

717.

78.

79.

VII-g
LOGISTICS, SAFETY AND ECONOMICS

Baier, L.A., "Resistance of Barges and Floatables,"

Davis, Jeff W., "Camille's Impact," Ocean Industry;
Vol. 4, No. 10; October 1959. :

Dawson, J., "Oceanology Insurance Comes of Age,"
Underwater Science and Technical Journal; Vol. 2,
No. 43 1970.

Gaucher, P.C., "Drilling Rig Stability Criteria," Ocean
Industry; Vol. 2, No. 3; March 1967.

Gaucher, P.C., "How to Move Offshore Rigs Safely,"
Ocean Industry, April 1967.

Graham, J.E. and Pike, J.E., "Hurricane Flossie -~
Knowledge and Experience Gained for Off-Shore Drilling
Equipment," SNAME Gulf Section Paper, February 1957.

Gustafon, E.C., "Offshore Exploration - Helicopter
Transportation," Proceedings, Ocean Engineering Conference,
Marine Technology Society.

Kem, H.C., "Proper Bulkhead Spacing Can Reduce Floating
Rig Casualties," Ocean Industry; Vol. 2, No. 3; March 1967.

Kim, W., "A Note on Floodable Length and Subdivision of
0il Drilling Rigs,"™ Marine Technology, July 1988.

Mocan, E.F. Jr., "Long Distance Towing and Tug Design,"
SNAME New York Metro Section Paper, September 21, 1950.

Pitchersky, A., and Southerland, A., "Handling Problems
at the Ocean-Air Intérface," Marine Technology;
Vol. 5, No. 43 Qctober 1968.

Posgate, J.C. and Pennington, Thomas, "Marine Transportation
in Offshore Drilling and Production Operations," SNAME
Gulf Section Paper, March 3, 1950.

Silverman, M. and Gaul, R.D., "The Concept of Portability
Applied to Future Oceanographic Ship Operations," Ocean
Science and Ocean Engineering, Marine Technology Society,
1965. |

Stennis, J., et al, "The Inquiry Into the Collapse of Texas
Tower No. 4," Records of Senate Investigating Sub-Committec
Hearings 3, 4%, 10, 11 and 17, May 1961.




80.

81.

v o VII-10

Congressional Record -~ Senate, June 28, 1961.

"Probable Causes of Sea Gem Disaster," Ocean Industry;
Vol. 1, No. 5; September 1966.



82.
83.
8y,
85.
86.
87.

88.

- 89.

90.
91.
92.

83.

VII-1l1
STRUCTURES AND MATERIALS

Banwell, "A New Approach to the Analysis and Prediction
of Wave Forces on Marine Structures," SNAME, Los Angeles
Section Paper, January 1963. s

Bannerman, D.B., Jr., "Development of ABS Rules for
Construction of Off-Shore Drilling Rigs," Marine
Techneology; -Vol. 6, No. 1; January 1969.

Bell, A.0. and Walker, R.C., "Stresses Experienced
by an Offshore Mobile Drilling Unit," Offshore Technology
Conference, Paper 1440, April 1971.

Bouwkamp, J.G., "Behavior of Tubular Truss Joints
Under Static Loads," Report Sesm 65-4, College of
Engineering, University of California, July 1965.

Bouwkamp, J.G. and Vaish, A.K., "A Study of Different
Flared Joint Configurations," Offshore Technology
Conference, Paper 1229, April 1970.

Burke, B.G. and Tighe, J.T., “A Time Series Model
for Dynamic Behavior of Offshore Structures,"” Offshore
Technology Conference, Paper 1403, April 1971.

Cooper, G.W., "Hurricane Damage to Structures,” Ocean
Industry; Vol. 2, No. 10; October 1867.

Coupre, M., "Foundation Problems and Stresses on
Drilling Platforms on Articulated Sea Bed Supports,"
(Les problememes de fondation et les sollicitations
supportees par les plates-formes de forages articulees
sur le fond); Houille Blanche; Vol. 25, No. 3; 1970;
P. 231. (in French). -

Dinsenbacher, A.L., et al., "Model Test Determination of
Sea Loads on Catamaran Cross Structure,” NSRDC Report
2378, May 1967. .

Freudenthal, A.M. and Gaither, W.S., "Design Criteria

for Fixed Offshore Structures," Paper 1058, lst Offshore
Technology Conference, May 1969.

Hammett, D.S., "Compare Performance SEDCO 135 -
Theoretical Design to Field lMeasurements," Offshore
Technology Conference, Paper 1391, April 1971,

Havelock, T.H., "The Pressure of Water Waves Upon
A Fixed Obstacle,"” Porceedings of the Royal Society
of London; Series A, No. 963, Vol. 175; July 18L9;
p- 409. '



ViI-12

gy, Hooft, J.P., "Distribution of Wave Forces on Structural
Parts of Ocean Structures,” Symposium on Offshore
- Hydrodynamics, Pub No. 375, Netherlands Ship Model
Basin, Wageningen, Netherlands, Aug. 1971.

9s. Jasper, N.H., "Statistical Distribution Patterns of
Ocean Waves and of Wave-Induced Ship Stresses and
Motions with Engineering Applications," Trans.,
SNAME, Vol. 64, 1956, '

96. Kampschaefer, 6.E., Jr., et al., "Engineering Data for
the Design and Fabrication of Offshore Drilling _
Platforms with Heat-Treated Steels," ASME, 65-PET-25,
1965.

97, Koladzey, C.E., "Off-Shore Drilling Platforms -
Structural Details, Wave Forces and Safety Precautions,"
SNAME Gulf Section Paper, July 1855.

98. Lee, G.C., "Offshore Structures, Past, Present,
Future and Design Considerations," Offshore Exploration
Conference, February 1968.

99, Muga, B. and Wilson, B., "Dynamics Analysis of QOcean
' Structures," Series Editor John P. Craven (MIT),
Plenum Press.

100. Munger, C.G., "How You Can Whip Corrosion in the
: Splash Zone," Offshore; Vol. 28, No. 3; March 1968.

101. Nath, J.H. and Harleman, D.R.F., "The Dynamic Response
of Fixed Offshore Structures to Periodic and Random
Waves," Department of Civil Engineering Hydrodynamics
Lab, Report 102, MIT, January 1867. -

\
102. Nolan, Honsinger, '"Wave-Induced Vibrations of Off-Shore
Structures," SNAME Gulf Section Paper, September 1962,

103. Numata, E., "Hydrodynamic Model Tests of 0Offshore
Drilling Structures," Marine Technology, July 1966.

104. Pckstys, M., Jr., "Dynamic Structural Analysis Techniques
for Offshore Platforms,” Offshore Technology Conference,
Paper 1405, April_lQTl.

105. Penzien, J. and Malhotra, A.K., "Nondeterministic
Analysis of Offshore Structures," ASCE J. Eng. Mech.
Div.; Vol. 96, No. EM6; Paper 7777; December 1970;
p. 985. | |

106. Peyton, H.R., "Ice and Marine Structures," Ocean
Industry; Vol. 3, No. 3; March 1968; and Vol. 3,
"No. 12; December 1968,



VII-13°

107. Reinhart, F.M., "Deep Ocean Corrosion," Geo-Marine
Technology; Vol. 1, No. 9; September 1965.

108. Susbielles, G.C., et al.,"Wave Forces on Pile Sections
Due to Irregular and Regular Waves," Offshore Technology
Conference, Paper 1379, April 1971.

108. "A Jack-Up Rig is Being Built Using a Rack and Pinion
Jacking System,” Ocean Industry; Vol. 5, No. 6;

June 1970; p. 17. .

110. 'Biggest Cathodic Job Insures 10 Year Protection,"
Of fshore; Vol. 28, No. 3; March 1968.

111. "“Rules for Building and Classing Offshore Mobile
Drilling Units," American Bureau of Shipping, 1968.

112, "USS Tri-Ten Steel Gives Flip the Strength to Sit Up

and Listen,” UnderSea Technology, Advertisement,
January 1968, p. 18.



VII-14

F

ENVIRONMENT AND ECOLOGY

113. Bell, A.0., et al., "Trends in the Qffshore 0il Industry
in Relatlon to the Marine Environment," Royal
Institute of Naval Architects, Quarterly Trans.;

Vol. 112, No. 2; April 1970; p. 181.

114. Bowden, K.F., "Environmental Aspects of Marine Transport,"
Royal Institute of Naval. Archltects, Quarterly Trans.;
Vol. 112, No. 2; April 1970.

115. Bowden, K.F., “Marine Environment - Some Features of
Concern to Naval Architecture," Royal Institute of
Naval Architects, Quarterly Trans.; Vol. 112, No. 2;
April 1970; p. 165.

116. Hirshman, J. and Marks, W., "Things to Consider When
Moving a Rig to a New Location in Foreign Waters,"
Offshore; Vol. 31, No. 10; 1971.

117. Marks, Wilbur, “Env1ronment Simulation in Model Tank
Testing," 16th ATTC, Sao Paulo, Brasil, 1971.



: VII-15
QFFSHORE DRILLING (PETROLEUM).

118. Beaupre, C.J., "Evaluation of Workover Rigs," Ocean
Industry; Vol. 5, No. 4; April 1970.

119. Biewer, Frank N., et al., "The Articulated Column
Semi-Submersible Stable Ocean Platform,” Offshore
Technology Conference, Paper 1418, April 1871.

120. Crooke and Lacy, "Mobile Drilling Platform.Development,"
SNAME, Northern California Section Paper, May 1969.

121. de Chassy, C.B., et al., "Various Uses for the Articulated
‘Column ELFOCEAN, A New Concept,”" Offshore Technology
Conference, Paper 1392, April 1971.

122, Delacour, J. and Debyser, J., "Flexodrilling Used
for Deep-Water Seabed Reconnaissance,” Qcean Industry;
Vol. §, No. 75 July 1970; p. 31.

123. Deuzler, H.E., “Potential Contributions by the Marine
Profession to Qff-Shore 0il Operations," SNAME Gulf
Section Paper, February 1958.

124. Faulkner, R.E., and Watts, J.S., "A Performance Review
of the SEDCO 135-F Semi-Submersible Drilling Vessel,"
19th Annual Technical Meeting of the Petroleum Society
of CIM, May 1968.

125. Furumato, "Progress Report oanroject Mohole,"” SNAME,
Hawaii Section Paper, April 1965.

126. Grahm, "Self Propelled Drilling Vessel S/S Glomar
Sirte Graham," SNAME, Northern California Section
Paper, October 1965.

127. Graham, et al., "Deep Sea Drilling Project," Marine
Technology Society Journal; Vol. 4, No. 5; September-
October 1970.

128. Howe, R.V., "Offshore Mobile Units," Ocean Industry;
Vol. 3, No. 7; July 1968; p. 38.

129. Kennedy, J.L., "New Semisubmersible Offshore Rig
Design Shows Promise," 0il and Gas Journal; Vol. 68,
No. #1; October 1970; p. 150.

130. Kornfield, J.A., "Shell Spuds Offshore Wildeat in
British Columbia with SEDCO 135," Ocean Industry;
Vol., 2, No. 7; July 1967.

131. Levingston, C.W. and Michel, W.H., "The Catamaran
Drilling Ship ~ E.W. Thornton,“ SNAME, Gulf Section
Paper, 1966.



132.

133.
134,

135.
136.
137.
138.
138.
140,
141,

142,

143.

luy.

145,

VII-16 .

Lowd, J.D., et al., "Use of a Spar Buoy Designed for
Interlm Production Processing," Offshore Technology
Conference, Paper 1333 April 1971 '

Macy, "Column Stabilized Drilling Barges," SNAME,
Gulf Section Paper, September 1961.

McClure, A.C., "Development of the Project Mohole
Drilling Platform," Trans., SNAME, Vol. 73, 1965.

McLerran, A.R., "The Glomar Challenger: Three Years
at Sea,” Ocean Industry; Vol. 6, No. 9; September 1971;
P. L43.

Peterson, Brunot, "Drilling in the Deep Oceans - Reasons
and Methods," SNAME, San Diego Section Paper, March 1968.

Pounds, W.G. and Zaruby, W.S., "Design and Operating
Features of the SEDCO 135-F Floating Drilling Vessel,"
Journal of Canadian Petroleum Technology, Volume 6,
March 1967.

Powell, A.L., and Stover, H.B., "Special Design Features,
0SS 01 Oceanographer and 0SS 02 Discoverer," Marlne
Technology; Vol. 5, No. 3; July 1968.

Rabouin, M., ”Pentagone 81. New Platform for O0ffshore
0il Prospecting," (Pentagone 8l1. Nouvelle plate-forme
de recherche petrolier en mer): Genie Civ.; Vol. 146,
No. 10; October 1969, p. 506. (in French).

Rickard, J.A., "0ffshore Production Facilities Research,"
Ocean Industry; Vol. &, No. 8; August 1971; p. 23.

Rogers, L.C., "Santa Fe Refines Design for Bluewater
3 Drilling Vessel," 0il and Gas Journal, February 1966.

Seale, Tom, "Marine Equipment for Off-Shore Drilling,"
SNAME Transactions, January 1949.

Seymour, D.J. and McCardell, C.R., "Floating-Type
0ff-Shore Drilling Vessels," Marine Technology;
Vol. 4, No. 4; October 1967.

Sharp, Frank W., Jr., "The Offshore Mercury," First
Offshore Technology Conference, Paper 1019, May 1969.

Taylor; D.M., "New Concepts in Offshore Production,"
Ocean Industry; Vol. 4, No. 2, Feb. 19§9.

-

145.

"Analy31s of 19 New Mobile Drilling Rigs," Ocean
Industry; Vol. 6, No. 4; April 1971; p. 76.



147,

148.

1u9.
150.

151.
152.

153.
154,
155.
156.
157,
158.
158.
160.
161.
162,

163.

VIT-17

"Converted, Jumboized, Fitted Out by Bethlehem-Beaumont,"
(Conver51on of a Refrigerated Cargo Ship to a Drill
Ship), Advertisement; Ocean Industry; Vol. 5, No. 5;

May 1970; p. 7u4.

"Zapata's Converted Semi-submersible Rig on Location
off Spanish Sahara," (Conversion of a Submersible
Drilling Barge to a Semi-Submersible Column-Stabilized
Drilling Platform), Ocean Industry; Vol. 5, No. 7;
July 1870; p. 12.

"Converted Whale Factory Ship on First Offshore Well,"

Offshore, July 1967.

"Diamond M Orders Jack- Up with 30,000 ft. Capability,"
Ocean Industry; Vol. 6, No. 4; Aprll 1971; p. 50.

"Giant Jackup to Drill  Off Denmark," Offshore, July 1967.
"Global Marine Christens Grand Isle," Offshore, July 1967.

"From Whaling Ship to Drillbarge in Six Months,"
Ocean Industry; Vol. 5, No. 11, November 1970; p. 57.

"Ice Island for Arctic Drilling Propesed," 0il and
Gas Journal; Vol. 68, No. 37; 1970.

"New Concept: Arctic Offshore Drilling System,” Ocean
Industry; Vol. 6, No. 6; June 1971; p. 55.

"New Mobile Rigs Plumb Ocean Flcor for 0il World
Wide," Ocean Industry; Vol. 2, No. 9; Sept. 1967.

"New $20-Million Semi-Submersible Rig," Ocean Industry;
Vol. 6, No. 6; June 1971; p. 33.

"0ff-Shore Drilling Rigs and Related Problems," SNAME
Southern California Symposium, October 1958.

"Penrod Orders Jack-Up for 300-ft. Water," Ocean
Industry; Vol. 6, No. 6; June 1971; p. 20.

"Santa Fe Christens Unique Semi-submersible," Offshore;
Vol. 28, No. 6; June 1968.

"SEDCO 700 - Rig Designed for the Future," Ocean Industry;
Vol. B, No. 83 August 1871; p. Uu4.

"Shell Building Platform for 373-ft. Water," Ocean
Industry; Vol. 5, No. §5; May 1%70; p. 23.

“The Offshore Mercury," Ocean Industry; Vol. 5, No. 1l;
November 1970; p. 39.



VIi-1is

164. “Through the Ice With Arectic Drill Hull," Ocean
Industry, April 1970, p. 87. '

165, "Todd Shipyards Complete Western Offshore No. IV,"
Maritime Reporter/Eng. News, August 1966. _

166. "Trends in Offshore Rig Design,”™ Ocean Industry,
Vol. 5, No. 4; April 1870; p. 83.

167, "Wodeco VI Drilling Off California," Offshore, July 1967.

168. '“Worlds First Monopod 0il Drilling Platform," Maritime
Reporter/Engineering News, June 15, 1866.

169. "1971-1972 Directory of Marine Drilling Rigs," Ocean
- Industry; Vol. 6, No. 9, September 1971; p. 73.



170.

171.

172.

173.

17y4.

175.

176.

177.

178.

179.

180.

181.

VII-18
OCEANOGRAPHIC RESEARCH

Bronson, E.D. and Glosten, L.R., "Flip Fleoating
Instrument Platform,” Report S10 62-24 Marine Physical
Lab. Scripps Institute of Oceanography Report,
November 1962.

Glosten, L.R., "FLIP - Some Remarks on Certain Design
Considerations,” SNAME Pacific Northwest Section Paper,

.October 1962.

Kaufman, R., "Design Features of a Stable Platform
for Acoustic Research (SPAR)," SNAME, Philadelphia
Section, December 1963.

LaFond, E.C., "The U.S. Navy Electronics Laboratory's
Oceanographic Research Tower," NEL/Report 1342,
December 22, 1965.

Light, M., "Coast Guard Coastal Oceanographic Research
Data System,"” Geo-Marine Tech; Vol. 3, No. 4; April 1967.

long, F.V., "A Steady Ocean Buoy," Ocean Industry,
Vol. 6, No. l; January 1971; p. 29.

lMeDermott, J. Ray, "Ocean Going Research Platform,"
Maritime Reporter/Eng. News, January 15, 1968, Research
and Development Station (Fords) Phase 1A Report.

McDermott, J. Ray and Company, Inc., “Feasibility
Study of a Floating Ocean Research and Development
Station (FORDS)," Final Report, April 1, 1966.

Neshyba, S., et al., "Moored Spar Buoys for Ocean
Research," QOceanclogy International, April 1970, p. 22.

Oversmith, R., "Scripps Plans Research Island in the
Sea," Ocean Industry; Vol. 6, No. 8; April 1970, p. 24.

Stommel, H., et al., "Submarine Clouds in the Deep
Ocean," American Scientist; Vol. 59, No. 6; Nov.-Dec.
1971; p. 716.

Talley, D.L., "Spar," Buoy Tech, 1964.

182,

183.

"Flip Lab Tests Begin," Oceanology International,
July 1971, p. 20.

"‘Manned Open Sea Experimental Station (MOSES),"
UnderSea Technology; Vol. 12, No. 9; Sept. 1871; p. 5.



VIIi-20

184. "Para-Buoy Oceanographic Telemetering Platforms,"
Advertisement; Ocean Industry; Vol. 5, No. Uu;
April 1970, p. 4.

185. "Scripps ‘will Build Super-Stable Platform," Ocean
; Industry, Vol. 6, No. 8; August 1971; p. 37.

186. '"Tuned Spar Buoy System: L.O. Olscon," Proceedlngs
S8ixth U.S. Navy Symposium on Military Qceancgraphy,
Vol. 1, May 26-28, 1969, Seattle, Washington,
p. 167.



ViI-21

ELECTRONIC TRACKING AND SURVEILLANCE

187. Huson, J., "ESSA's Satellite Interrogated Platform,"
Marine Technology Conference, 1870, Vol. I.

188. McClure, A.C., "Delos: An Application of 0il Field Marine
Technology to Space Programs," Marine Technology;
Vel. 6, No. 2; April 1969; p. 156,

189. Moran, Proctor, Meuser and Rutledge, "The Design and
Construction Report on the Texas Towers Offshore Radar
Platforms, Noy 86107.

180. ‘'The First Radar Island,’ Maritime Reporter, July 15, 1955.



VII-22

NAVIGATIONAL AIDS AND WEATHER MONITORING -

181. Booda, L.L., "Major Buoy Programs," UnderSea Technology;
Vol. 8, No. 9; September 1967; p. 24.

192. Chaffer, H.R. and Naab, J.W., "Recent Developments in :
Coast Guard Buoy Boats," SNAME Chesapeake Section Paper,
Qctober 18, 1958.

193. Devereux, R., "Buoy Bests Betsy," Geo-Marine Tech.;
Vol. 1; September 1965.

194, -Devereux, R.S8., and Jennings, F.D., "The Monster Buoy,"
Geo-Marine Tech.; Vol. 2, No. 4; April 1966.

195. Dewey, "Design of a Large Navigational Sea Buoy System," -
SNAME, San Diego Section Paper, April 1968.

196. Pickard, J., "LaBouee - Laboratoire," Geo-Marine Tech.;
Vol. 1, No. 9; September 1965.

187. Pritzlaff, J.A. and Laniewski, J.P., "Developemnt of a
Self-Contained Deep Moored Buoy System," Buoy Technology,
Marine Technology Society, 1964,

188. Rinehart, Parker, "Concept Formulation for National
Data Buoy System, SNAME Chesapeake Section Paper,
January 1969.

199. "Buoy Technology," Marine Technology Society; Vol. 24;
March 1864.

200. "Coast Guard Installs First of Seven Navigation Buoys,"
Ocean Industry; Vol. 5, No. 18; October 1970; p. &l.

201. "'Lanby' Buoy Will Replace Lightship," Ocean Industry;
Vol. 5, No. 2; Feb. 1870; p. l6..

202. "Monster Buoys Complete North Pacific Experiment,"
Ocean Industry; Vol. 5, No. 10; October 1970; p. 40.

203. "Study Provides Base to Gauge Data Buoy Benefits,"
UnderSea Technology; Vol. 11, No. 5; May 1870; p. 53.

204. "What's New About Gi4's Pop?," Ocean Industry; Vol. 2,
No. 33 March 1967.



205.

206.

207..

208.

209.

210.

211.

212.

213.

21y,

VII-23

OCEAN RESOURCE RECOVERY AND BOTTOM MODIFICATION

Breece, Grady L., "Hydraulic Dredges," SNAME Transactions,
December 10, 19u8. :

Flipse, John E., "An Engineering Approach to Ocean Mining,"

.0ffshore Technology Conference, Paper 1035, May 1969.

French, F.F., "Design of Seagoing Hopper Dredges,"

'SNAME Transactions, April 27, 1949.

Hubred, G.R., "New Slant on the Economy of Manganese
Nodules," Ocean Industry; Vol. 5, No. 8; August 1970;
P. 26. ' _ :

Kaufman, R., and Latimer, J.P., "Deep Ocean Mining,"
Maritime Reporter and Engineering News; Vol. 33,
No. 19; October 1, 1971; p. 37.

Krutein, "Existing and Proposed Ocean Mining Vessels,"
SNAME, San Diego Section Paper, March 1968.

Lecourt, E;J., Jr., and Williams, D.W., "Deep Ocean
Mining - New Application for 0il Field and Marine Equipment,"

Offshore Technology Conference, Paper 1412, April 1971.

Masuda, Y., et al., "Continuous Bucket-~Line Dredging
at 12,000 Feet," Offshore Technology Conference,
Paper 1410, April 1971.

Michel, "Offshore Dredging--Challenge of the Future,”
SNAME, Southeast Section Paper, October 1966.

Velzeboer, P., "Some Comments on the Economics of
Offshore Mining," Symposium on Offshore Hydrodynamics;
Netherlands Ship Model Basin; Wageningen, Netherlands;
Aug. 1971.° _

215.

"German Firm Joins Deepsea Ventures' Exploratory
Program," Ocean Industry; Vol. 5, No. 8; August 1970;
p. uW6.

Also See Reference 6.



VII-24%

FISHING SYSTEMS.

216. Crutchfield, J.A. and Poniccorvo, Groho, "The Pacific
: Salmon Flsheﬂles,“ Johns Hopkins Press, Baltlmore,
Maryland, 1969.

217. Holt, S8.J., "The Food Resources of the Ocean," Scientific
American Book, The Ocean, 1969. .

218. Klima, E.F., "An Advanced High Seas Fishery and Processing
System," Marine Technology Society Journal; Vol. 4, .
No. 5; Sepntember-0October 1970.

219. Martin, Chirvis, "A Fish Factory Ship for the Great
Lakes Alwife Industry," SNAME, Great Lakes Section
Paper, May 1967.

220, Treybig, D.L., "How Offshore Platforms Help Fishing, u
Ocean Industry; Vol. 6 ‘No. &4; April 1971; p. 6h.

221. "Automatic Fishing Platform," Ocean Industry; Vol. 5,
No. 12; December -1970; p. 52.

222. ."Leading Fish to an Automated Harvest," Ocean Industry;
Vol. 6, No. 4; April 19713 p. 65.

223. "0il Platformes Called Boon to Fish in Gulf of Mexico,"
Wall Street Journal, Dec. 7, 1971, p. 1k.

224, '"Patent Review-2," Underwater Journal, April 1871,
p. 86. '

225. "Tap Pryor Foresees Fish Farms in 1,200~ft. Water,"
(1200-Foot Deep Fish Farms in the Pacific), Ocean
Industry; Vol. 5, No. 8; August 1970; p. u5.



VII-25

'OFFSHORE PROCESSING

226. "Girard, R.D., and Roels, 0.A., "Deep Ocean Water as
a Resource," Marine Technology Society Journal; Vol 4,
No. 53 September October, 1870. :

227. Green, J., YA Self-Contained Oceanic Resources Base,"

Marine Technology Society Journal; Vol. 4, No. 5; v
September~0October 1970; p. 88.

Also see Reference 261.



VII-286
OFFSHORE POWER GENERATION

228. Smith, 6., "Westinghouse and Tenneco in Nuclear Plan,?
N.Y. Times, Aug. 11, 1971.

2289. Suilivan, W., “Iéland Floating on Ocean Could Carry
Atom Plants,” N.Y. Times, July 14, 1971.

230. "Floating Nuclear Power Plants Near Reality;"'0cean
Industry; Vol. 6, No. 9; September 1971; p. 60.

231. "Floating Nuclear Power Plant Proposed," UnderSea
Technology; Vol. 12, No. 8; August 1971; p. 7.

232. "Floating Power Plants," Ocean Industry, Vol. 6, No. 73
July 1971; p. 35.

233. "Floating Power Plants," Surveyor, American Bureau of
Shipping; Vol. V, No. III; August 1971; p. 29.

234. "Nuclear Plants to be Floated to their Sifes," Machine
Design; Vol. 43, No. 23; Sept. 16, 1871; p. 12.

235. "Nuclear-Powered Buoys Used by U.S. Navy," Ocean Industry;
. Vol. 5, No. 4; April 1970; p. 157.

-

Alsc see Reference 227.



VII-27

SURFACE SUPPORT OF SUBMERSIBLES AND SEABED HABITATS

236. Brown, Christenser, Mancill, "(ASR) Sub-Rescue Ship,"
Marine Technology, January 1968.

237. Kenz and Hall, "Design of a Dynamically Positioned
Support Platform for a Tethered, Unmanned Submersible
Vehicle," SNAME Spring Meeting Paper, 1969.

238. Meire, "Preliminary Design of a Catamaran Submarine
Rescue Ship (ASR)," Marine Technology, January 1968,
p. 72. '

238. '"Jackup Structures May Support Seabed Habitats,"
Ocean Industry; Vol. 5, No. 4; April 1970; p. 46.



240.

241,

242,

243.

VII-28
OFFSHORE WORK PLATFORMS

Gerwick, B. C., and Lloyd S5.H., "Semisubmersible Lay
Barge Meets Bass Straits Challenge," 0il and Gas
Journal; Vol. 68, No. 41; 1970; p. 118.

Goren, Y., and McMillan, B., "A. Vessel for Offshore
Construction in Heavy Seas," O0ffshore Technology
Conference, Paper 1489, fAzril 1871.

Tesson, "Laying Offshore Pipe Lines from a ﬁarge Mounted
Reel," SNAME, Gulf Section Paper, February 1969.

Williford, W.D., "Plastic Balls Raise 2,400-ton Pipelaying
Barge," Ocean Industry; Vol. 6, No. 9; September 1971;
p. 47. '

2u4,

245,

246.

247,

“GEM -~ Self-~Elevating Work Barge," Adverfisement;
Ocean Industry; Vol. 5, No. 4; April 1970; p. 28.

"Observation Tube for Supervising Underwater Civil
Engineering Work," Ocean Industry; Vol. 6, No. 7;

July 1%71; p. 30.

"Off-Shore Salvage," SNAME Transactions, Vol. 56, 19u48.

"Platform That Walks in the Surf," Ocean Industry;
Vol. 6, No. 73 July 1971; p. 30.



: VIIi-28
OFFSHORE PERSONNEL'SUPPORT STRUCTURES

248, Craven, J.P., "The Naval Architect and the Design of
Cities on the Sea," Marine Technology; Vol. 8, No. k;
Oct. 1971; p. 524.

249, Jackman, Arthur, "Offshore Jetports Loom as Big Jets
Crowd Sky," L.I. Commercial Review; Vol. 138, No. 20;

Oect. 13, 1971; p. 1. .

250. Johansen, J., "New Town; Grand Isle, Prefabricated
Mining Town in the Gulf of Mexico," Archltecture Forum,
Number 127, September 1967.

4 Times, Aug. 25, 1971.

252. Weidlinger, P., "Floating Airport," Ocean.Industry;

Vol. §, No. 5; May 1970; p. u7.
~ 253. Zimmerman, M.D., "Offshore Airports - Panacea or

Problem?," Machine Design; Vol. %2, No. 17; July 9, 19?0,
p- 20.

254, "New Concept: Mobile Ocean Base," Ocean Industry;
Vel. 5, No. 12; December 1870; p. u9.

255. "Resort Hotel Planned for Reef off Australla s Queensland,”
Ocean Industry, Vol. 4, No. 8; Aug. 1969; p. 10, .

256. "U.S. Falls Behind in Ocean Development," UnderSea

Technology; Vol. 12, No. 8; August 1971; p. 25.

See Also References 11, 184, 227.



VII-30

QFFSHORE COMMERCE FACILITIES

257. Ball,.E., "Phillips Contracts for 1 Million Barrel
Tank," Offshore; Vol. 31, No. 8; July 1971; p. 1l.

258. Bragg, D.M., and Bradley, J.R., "The Case for an
Offshore Port," Oceanology International, Sept. 1971,
p. 34.°

259, Chamberlin, R.S., "Design Considerations - Offshore
Storage," Europe and 0il; Vol. 9, No. 9; 1970.

260. Griffin, O.H., "Recent Developments in Transportable
Breakwater Research,” NRL Memorandum Report 2242,
Naval Research Laboratory, Wash. D.C., May 1971.

261. Harlow, E.H., "Offshore Floating Terminal," Journal
of the Waterways, Harbors and Coastal Division of
ASCE, August 1971, p. 531.

262, Hooper, R., and Frankel, E., "A Semi-Submerged Stable
" Platform as an Offshore Port," Offshore Technology '
Conference, Paper 1331, April 1971.

263. Hughes, John A., "Submerged 0il Storage System,"
SNAME Gulf Section Paper, February 12, 1958.

264. Marks, Wilbur, "A Perforated Mobile Breakwater for
Fixed and Floating Application," 10th Conference on
Coastal Engineering, Amer. Soc. of Civil Engrs.,
Sept. 1966, p. 1079.

285, Marks, Wilbur, and Jarlan, G.E., "Experimental Studies
on a Fixed Perforated Breakwater," 1lth Conference on
Coastal Engineering, Amer. Soc. of Civil Engrs.,

Sept. 1968, p. 11l21.

266. MA $20-Million 'Island' for Ekofisk," Ocean Industry;
Vol. 6, No. 7; July 1971; p. 21.

267. "Improved Breakwater System," Ocean Industry; Vol. 6,
No. 7; July 1971; p. 35.

268. '"Mobile Ore Loading Station by MODEC," Advertisement,
Ocean Industry; Vel. 6, No. k; April 1971; p. 57.

269. "Monobuoy for Unloading of Tankers Using Single Point
Mooring," Marine Engineering Review, March 1971, p. 35.



VII-31

270. “New Trend in the Making - Offshore 0il Storage,"
Surveyor, American Bureau of Shipping; Vol. V, No. IV;,
Nov. 1971; p. 2.

271. ™Single Buoy Mooring System Uses Articulated Legs,"
Oceanology International, Nov., 1971, p. 17.

272. "Storage System for ELF-ERAP," Ocean Industry, Vol. 5,
No. §; May . 1970; p. 17.

273. "Supertanker Loads Ore Slurry at Sea," Ocean Industry;
Vol. 6, No. 8; August 1971; p. 7.

See Also References 184 and 227.



VII-32
MISCELLANEQUS

‘The following references were assembled after the
list of references had been prepared. - They are in
alphabetical order and at the end of each listing
(and underlined)} is the appropriate group under which
it would normally be found. If one of the figures
comes from the reference, it is so indicated.

274. Black, D.L., "Stabilized Buoy for Qceanographic and
Meteorological Instrumentation," Trans. Buoy Tech.
Symposium, Marine Tech. Soc., Mar. 1964, p. 458,
(Oceanographic Research; see Fig. 2u) :

275. Evans, J.H., and Adamchak, J.C., "Ocean Engineering
Structures," Mass. Inst. of Tech., NSF Sea Grant
Project GH-1, 1970. (QOffshore Drilling; see Figs. 2, 4).

276. Isaacs, J.D., and Schwartzlose, R.A., "The Operational
Results from the North Pacific Study," Marine Technology
1970, Proceedings 6th Annual Conf. of Marine Tech. Soc.,
June 1970, p. 551. (Oceanographic Research; see Figs.
20, 23, 44). |

277. Kennedy, J.L., "Motion is a Key'Concern of Today's
Offshore Rig Designers," 0il and Gas Journal, 6/7/71,
p- 68. (Motions; see Fig. 9).

278. Kunde, J.E., "Floating Dock - Its Advantages and Design
Aspects," International Shipbuilding Progress; Vol. 11,
No. 116; April 1984; p. 179. (Offshore Commerce Facilities;
see Fig. 5u). :

279. Lankes, L.R., "Oceanographic Platforms," Optical
Spectra, May 1970, p. 56. (Oceanographic Research;
see Fig. 18).

280. Marks, Wilbur and Jarlan, G.E., "Some Unique Characteristic
of a Perforated Cylindrical Platform for Deep-Sea
Operations," OECON Offshore Exploration Conference,

1966, p. 349. (Ocean Platform Concepts; see Fig. 17).

281. Tubb, Maretta, "New Developments to Watch; New Buoy
Design," Ocean Industry, August 1971, p. 34.
{(Oceanographic Research; see Fig. 30).

282, Tubb, Maretta, 'New Developments to Watch; Fuel from
the Sea?," Ocean Industry, Oct. 1871, p. 15. (Offshore
Power Generation).




283.

284.

285..

286.

287.

288.

289,

290,

291.

VIiI-33

"City at Sea," Sea Frontiers, Vol. 14, Sept. 1968,
p. 289. (Offshore Personnel Support Structures; see
Fig. 43). ' -

"New Trend in the Making - Offshore 0il Storage,”
Surveyor; Vol. V, No. IV; Amer. Bur. of Shipping;
Nov. 1971; p. 2. (Offshore Commerce Facilities).

"NOAA Announces Three Buoy Programs,”" Oceanology
International, Sept. 1971, p. 20. (Oceanographic
Research; see Fig. 19}.

"ODECO Builds Third Self-Propelled Semisubmersible
Rig," 0il and Gas Journal, 8/17/71, p. 88. (Offshore
Drilling; see Figs. 1%, 15). i

"O0ffshore Airports - Panacea or Problem?," Machine
Design; Vol. 42, No. 17; July 9, 1970; p. 20.
(Personnel Support Structures).

"Royal Dutch/Shell Plans Ocean Search," 0il and Gas
Journal, 9/20/71, p. 67. (Offshore Commerce Facilities;
see Fig. 48). -

"Seripps Will Build Super-Stable Platform," Ocean

Industry; Vol. 6, No. 8; Aug. 1871; p. 37. (Ocean
Platform Concepts).

"Westinghouse, Tenneco Plan to Build Floating Offshore
Nuclear Plants," Maritime Reporter and Engr. News,
9/1/71, p. 21. (Offshore Power Generation; see Fig. 37).

"Wetport: Study in FAA Hands;“ Long Island Commercial-
Review; Vol. 19, No. €83 Dec. 27, 1971; p. 1. (Offshore
Personnel Support Structures). '




- : VIZI-1

FIGURE | JACK-UP TYPE SUBMERSIBLE PLATFORM.
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FIGURE 3 SELF-ELEVATING PENTAGONAL PLATFORM,
(OCEAN INDUSTRY, MAR. 1970, VOL.5,N0O.3)
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FIGURE 4 V-SHAPE DRILLING PLATFORM.
(FORTUNE MAGAZINE, FEB. 1965)
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FIGURE 10 DRILLING BARGE WITH ENTRAPPED MASS
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FIGURE 19 NEW LIMITED CAPABILITY BUOY BEING DEVELOPED
| " FOR NOAA.
(OCEANOLOGY INTL.,SEPT. 1971, P 20)
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FIGURE 20 GIANT 100-TON WEATHER BUOY.

(PROC. 6TH ANNUAL CONF., MAR.
TECH.SOC., 6/70, P. 551)
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FIGURE 21 BUOY PLATFORM FOR SATELLITE INTERROGATTON.
‘ (REF.187)
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FIGURE 22 OCEAN DATA STATION.
(OCEANOLOGY INTNL., OCT., 1970)
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FIGURE 28 - U.S5.C.G. TEMPLATE TYPE PLATFORM.
(REF.I15)
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FIGURE 29 LANBY BUOY, LIGHTSHIP REPLACEMENT.(REF.20!)



VITI-30

FIGURE 30 SHIP-SHAPE-BUOY, DESIGNED FOR GREATER
SURVIVABILITY,
(OCEAN INDUSTRY, AUG.1971)
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PLATFORN:. {(REFS 271 225)

AUTOMATIC FISHING AND PROCESSING

FIGURE 34
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VIII-36

FIGURE 36 OFFSHORE NUCLEAR POWER PLANT.
(REF.230)
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FIGURE 38 UNDERWATER CONSTRUCTION BARGE.(REF.245)
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FIGURE 40 PIPE-LAYING BARGE. (REF.241)
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CONCEPT OF RESORT HOTEL FIXED TO REEF.(REF 285)

E1GLIRE 41
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8. FLOATING STRUCTURES.

A, FIXED STRUCYURES.
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C. LAND FILLING.

VIITI-hi

. DIKES AND POLDERS,

b

FOUR WAYS TO BUILD M WATER. (ForTUNE, SEPT. 1969, P.131)

FIGURE 44
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VIIT-~53

CONCEPT FOR OFFSHORE BERTHING WITH SUBSEA STORAGE FACILITY.(REF.258)

FIGURE 53
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APRIL 1964, PP. 179-189)

8000-TON FLOATING DOCK. (SHIPBUILDING PROGRESS,

FIGURE 54
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OFFSHORE OIL. STORAGE FACILITY. (REF 257)

FIGURE 55
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FIGURE 56 TUBULAR FLOATING BREAKWATER DISSIPATES WAVE ENERGY.(REF.267)







