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2,986,888
METHOD AND APPARATUS FOR ANCHORING
MARINE STRUCTURES
Gerald F. Borrmann, Orinda, and Alexander Hildebrand,
Whittier, ‘Calif., assignors to California Research Cor-
poration, San Francisco, Calif., a corporation of Dela-

ware
Filed June 25, 1958, Ser. No. 744,431
10 Claims. (Cl. 61—46.5)

This invention relates to structures for drilling wells
in offshore locations and, more particularly, to a method
and apparatus for anchoring such structures in a fixed
location by apparatus which will hold the structure rela-
tively stationary against the wind and water forces nor-
mally encountered at offshore drilling sites, but will per-
mit a predetermined movement when the structure is
exposed to excessive forces to thereby control the stresses
placed on the structure and on the anchoring apparatus.

As offshore drilling progresses into deeper water, the
problems involved in erecting a marine structure to hold
the drilling platform and anchoring it in a stationary
position at the drilling site become increasingly more
severe, and the cost of such structures rises accordingly.
Of the several methods which have been employed or
proposed heretofore for offshore drilling, those that re-
quire a structure to be anchored in a fixed position rela-
tive to the boftom of the water by an anchoring system
which is, for the most part, external or auxiliary to the
structure itself are of particular pertinence for the pur-
poses of the present invention. Such a drilling struc-
ture may, for instance, comprise a drilling platform sup-
ported on submerged buoyant members and held in po-
sition at the well site by anchor lines extending to fixed
anchors at the ocean bottom. Another such structure
may comprise a slender column or mast which is seated
at its bottom end on the ocean floor and extends verti-
cally through the water to support a drilling platform
above its surface. The latter structure is held in a ver-
tical position primarily by anchor or guy line means
which extend outwardly from the top portion of it to
a fixed anchor at the bottom of the water. In this latter
case, the anchor or guy line means become component
parts of the support structure and act as tensile mem-
bers which restrain the column from being displaced from
a vertical position by the transversely directed wind
and water forces acting on it, especially those forces act-
ing on its uppermost portions.

An effective anchoring system for a deep-water .drilling
structure must be capable of restraining the structure
from movement arising through the action of the several
separate forces which act on it simultaneously. One of
these obviously is the periodic wave motion of the water
surface. However, this motion by itself would not be
too significant under ordinary fair weather conditions.
For instance, with a freely floating structure such as a
barge, or a boat, the structure would have approximately
the same amplitude of motion about a central point as
would a particle of water. Thus, if the water surface
was disturbed only by periodic six-foot waves, a particle
of water on the surface would have an orbital motion
about a central point of approximately six-foot total
amplitude, and a freely floating structure would follow
the motion of the water particle. This oscillation of
the drilling structure would not be too significant in deep
water drilling.

Of more significance perhaps, under normal condi-
tions, are the effects of wind and water forces which
constantly bear on the drilling structure from a trans-
verse or lateral direction. A -tidal current, for in-
stance, would soon carry a floating drilling structure far
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off the drilling site, if it was not anchored in place, or
cant a column from a vertical position if it was not re-
strained by anchor lines. Therefore, in order to main-
tain a structure in position over the well site, it is neces-
sary to anchor it there.

The anchors, while necessary, inherently produce a
complication in that they, together with the structure they
restrain from movement, form an elastic system which
is susceptible to forced vibrations under periodically ap-
plied forces. The resonant frequency of this system can
be within the frequency of wave motions ordinarily en-
countered in ocean waters, and this phenomenon has been
experienced on anchored ships. As applied to a drilling
structure, if an attempt is made to solve this problem
by slacking off the anchor lines, the structure is given
enough leeway to move off the drilling site. This is,
of course, objectionable, and if the drilling platform is
permitted to migrate too far from its position above the
well bore, the equipment connecting the drilling platform
with the well bore will be damaged or destroyed. Ob-
viously, also, slacking off the anchor lines of a slender
column would permit it to tilt at an angle from the ver-
tical and make drilling from the drilling platform it sup-
ports impossible.

If the attempt is made to change the vibration char-
acteristics of the system by tightening up on the anchor
lines, the elastic system becomes resonant at a higher
frequency and hence more susceptible to forced oscilla-
tion by the smaller water waves of higher frequency.
Furthermore, such a procedure places a greater stress on
the anchor lines and puts more force on the anchors,
necessitating the use of heavier equipment. The cost of
a lateral anchoring system is almost proportional to its
holding capacity, and, other considerations aside, it be-
comes economically unattractive to make an anchoring
system strong enough to withstand directly all of the
forces imposed on the drilling structure, including that
of forced oscillation, to hold it stationary in place, under
all of the conditions of wind and water forces it is likely
to encounter.

It is an object of this invention to provide a novel an-
choring system for an offshore drilling structure to hold
the structure relatively stationary in place at the drilling
site during normal conditions of wind and water and
permit it to move with a controlled oscillation when
abnormally severe wind and water forces are imposed
on if.

A further object of this invention is to provide a novel
anchoring system for an offshore drilling structure which
automatically will control the stresses placed in the an-
choring lines to hold them below a predetermined maxi-
mum amount.

A further object of this invention is to provide anchor-
ing means which are operatively integrated with a marine
structure to make in combination with the structure an
clastic system of controlled forced vibration character-
istics.

Other objects of this invention will become apparent
as the description of it proceeds in conjunction with the
accompanying drawings which form a part of this applica-
tion.

The objects of this invention are achieved by provid-
ing for a marine structure an anchoring system which
comprises similar submerged float means distributed
around the periphery of the structure and spaced apart
from it and from each other. Each float means is held
below the surface of the water by a plurality of spaced
apart bottom anchors to which it is attached by buoyed
anchor lines which extend angularly in relation to each
other as substantially straight lines between the connected
components to hold the submerged float means sub-
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stantially stationary at a predetermined position under
normal water conditions and prevents the float means
from rising to a higher elevation in the water than its
anchored position while permitting it to be moved to a
position of lower elevation in the water when a trans-
verse force exceeding a preselected value is imposed on
the anchored structure. Each float means is connected
to the marine structure by a buoyed anchor line which
extends between these parts in a substantially straight
line. One of the plurality of float-restraining anchor lines
is disposed in a vertical plane which passes through the
anchor line connecting the float means to the marine
structure, and the bottom anchor for this float-restraining
anchor line is positioned horizontally at a greater distance
from the marine structure than is the float means. Thus,
in effect, the principal anchoring force on the marine
structure is derived from the latter said bottom anchor
through the anchor line connecting it with the float means
and thence through the anchor line connecting the float
means with the marine structure. :

When the marine structure is in an equilibrium posi-
tion, the anchor lines are placed under tension between
the structure and the float means and between the float
means and its bottom anchors so that they will all as-
sume a straight-line position between their ends and act
as rigid tensile-members as distinguished from catenary
members. :

The float means are selected to have a sufficient buoy-
ant capacity to place a restraining force on the marine
structure sufficient to hold it stationary under normal op-
erating conditions. Under these conditions the buoyed
anchor lines will function substantially as if they were
rigidly attached between the marine structure and a fixed
bottom anchor. However, when the transverse or lateral
forces on the marine structure exceed the forces which
obtain under normal operating conditions, the increased
tension induced in some of the anchor lines connecting

" the structure with the submerged float means acting to-

gether with the increased tension induced in the anchor
line connecting the submerged float means with its outer-
most bottom anchor will cause the float means to be dis-
placed downwardly in the water.  The buoyant force of
the submerged float means remains constant, and as the
angular relationship of the anchor lines changes due to
a lateral displacement of the marine structure the buoyant
force of the submerged float causes the tension in the
lines to increase as a trigonometric function of the chang-
ing angle and hence increases the resultant restoring force
on the structure. Thus the float means acts to control
the amount of stress which is placed in the anchor lines
by a displacement of the marine structure from its equi-
librium position. '

The combination of the anchoring apparatus and the
structure which it anchors forms an elastic system which
will have definite resonant frequencies. However, if a
forced vibration should build up in the system and tend
to produce oscillations of magnified amplitude, when the
tensions in the anchor lines on one side of the structure
become greater than that imposed by the submerged float
the latter will be pulled deeper into the water and impose
the restraining force described heretofore. Simultaneous-
ly the anchor lines connected to the opposite side of the
structure, that is, the side in the direction of movement,
will be relieved of tension and the effective total buoyant
force of the submerged floats to which they are attached
will be transferred to the bottom anchor lines which hold
these floats in their substantially stationary submerged
positions. Thus the buoyant force of these floats is quite
abruptly removed from the anchor lines connecting them
with the structure, and these lines go slack. Thus the
vibration characteristics of the system in which the forced
oscillation was induced changes abruptly, and the sys-
tem will no longer be in resonance with the periodically
applied forces. ’ ‘ )
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The anchoring system including the buoyved anchor
lines, the bottom anchors and the submerged float is de-
signed to anchor the marine structure at the desired
location under all foreseeable wind and water conditions.
This does not means, however, that it is intended to hold
a drilling structure, for instance, rigidly stable under
storm conditions against the tremendous forces imposed
on it, nor is it anticipated that conditions on the drilling
platform during a storm will be sufficiently quiescent to
permit normal drilling procedures to be pursued. : How-
ever, the system is designed to hold the structure at the
drilling location without damage to any of its com-
ponent parts.

Several embodiments of the anchoring system of this
invention are illustrated in the accompanying drawings in
which: o

FIG. 1 is a schematic representation of a column struc-
ture supporting a drilling platform above the surface of
the water and anchored in position by an anchoring sys-
tem of this invention. : )

FIGS. 2, 3 and 4 illustrate steps of the method for
installing the anchoring system shown in FIG. 1.

FIG. 5 represents a sectional view of a float means
which may be used in the anchoring system of this inven-
tion, and illustrates in a schematic manner details of the
apparatus contained in it.

FIG. 6 is a diagrammatic illustration of the relation-
ship between force and displacement in an anchoring sys-
tem of this invention.

FIG. 7 is a schematic representation in plan view of the
anchoring system as applied to a floating drilling plat-
form.

FIGS. 8 and 9 illustrate steps of a method for installing
the anchoring system shown in FIG. 7.

As illustrated in FIG. 1, the drilling platform 20 is
supported above the surface of the water 21 by a column
structure 22, the lower end of which is seated at the bot-

" tom of the water 23 in a footing 24 which holds the bot-
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tom of the column at the drilling site. Drilling struc-
tures of this type are intended for use primarily in rela-
tively deep waters in the range of depth, for instance,
from 350 to above 1,000 feet.

The support column is a slender structure, and may
have a ratio of length to diameter in the order of 20 to
1 to 40 to 1. As will be understood in the art, such a
structure may be built on land with buoyancy chambers
incorporated in it along its length so that it may be floated
in a horizontal position to the drilling site. The column
is placed in a vertical position by flooding the buoyancy
chambers in its lower section while maintaining those in
its upper portion filled with air. The column is then
towed to the drilling site, and its buoyancy is controlled
to permit it to sink in a vertical position until its bottom
is seated on the submerged earth. The chambers in the
lower portion of the column are then filled with a dense
material, such as sand or cement, to hold it firmly seated
on the bottom while the upper chambers remain buoyant.
Such a manipulation of the buoyancy chambers not only
assists in maintaining the column in a vertical position
but also produces a tension through the middle portion
of the column, thus increasing its load-carrying ability.

A plurality of conductor casings is incorporated in the
column structure and extends from the drilling platform
through the base of the column. The conductor casings
are used to guide a drill string into the submerged well
bore and serve also as an extension of the well bore to
the surface of the water where well -control equipment
can be assembled on it. The derrick 25 is of the known
type which includes laterally movable crown blocks to
enable a plurality of wells to be drilled from the single
derrick setting.

The anchoring system illustrated in FIG. 1 comprises
a plurality of similar anchor arrangements disposed in
equiangular relationship around the circumference of
the column and extending therefrom in a generally radial
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direction. The anchoring arrangements all impose equal
restraining forces on the column when it is in an equilib-
rium position. However, if the top portion of the. col-
umn moves in a transverse or lateral direction from
the vertical only those anchoring arrangements on the
side of the column away from the direction of motion
will impose a restoring force on it while simultaneously
the anchoring arrangements on the side of the column
toward the direction of transverse motion will no longer
apply a force on the column.

In this illustrative embodiment of the invention the
anchoring system comprises six similar float means 26
which are submerged below the surface of the water and
restrained in a submerged position by respective anchor
lines 28 and 30 which are attached to fixed anchor means
at the bottom of the water. The anchor lines of each
separate anchoring arrangement are disposed in a re-
spective tadial plane projected from the column struc-
ture, and the bottom anchors 32 to which the lines 28
are attached are placed at a greater horizontal distance
from the column than are the float means 26, which in
turn are placed at a greater horizontal distance from the
column than is the bottom anchor for the line 30. Thus
the anchor lines 28 and 30 for each anchoring arrange-
ment are disposed in angular relationship to each other
with the apex of the angle adjacent the respective float.
In the present embodiment of the invention the line 3¢
from each float means is fixedly attached to the lower
portion of the column, as by an eye connection 34.
Each float means is attached to the column structure by
a similar anchor line 36 which is mounted on the struc-
ture in a manner to permit the tension of the line to be
regulated.

Pursuant to this invention each anchor line is buoyed
so that it will assume a substantially straight-line posi-
tion between its ends when it is placed under moderate
tension. For example, neutrally buoyant anchor lines
may be used formed of interconnected sections of steel
tubing with each section hermetically sealed and prop-
erly weighted to have a density substantially equivalent
to that of the water at the depth at which a particular sec-
tion will be positioned” when in operation. Alternative-
ly, the anchor line may be a continuous metal tube
sealed at its ends to form a buoyant chamber within it
and having a wall thickness varying with depth to achieve
substantially neutral buoyancy throughout its length.
For some installations it may be desirable to use a steel
cable surrounded by a covering of buoyant material 37
to form a buoyed anchor line as indicated in FIG. 5,
or the anchor line may be buoyed at spaced intervals along
its length to achieve the effect of neutral buoyancy.
The components of the anchoring system are designed to
place the anchor lines under sufficient tension to cause
them to be disposed as substantially straight lines when
the marine structure is anchored in its equilibrium po-
sition,

A method for establishing an anchoring system for a
marine column structure is illustrated in FIGS. 2-4 of
the drawings which show the procedural steps for the
placement of two of the radially disposed anchoring ar-
rangements. Preferably the bottom ends of all the an-
chor lines 30 are attached to the bottom of the column
structure while the latter is on the surface of the water,
before the column is upended. The upper ends of these
anchor lines are attached to buoys 38 which will keep
them on the surface of the water, where they will be ac-
cessible for subsequent connection to other components
of the system.

The anchor lines 36 are connected to the column by
apparatus which will permit these lines to be let out or
taken up and provide a means for adjusting the tension
in them. As illustrated schematically in FIG. 2, each
anchor line 36 may be mounted over a respective pulley
40 secured to the outer shell of the column 22 and thence
pass upwardly to a corresponding winch 42 on the drill-
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ing platform. The pulleys 48 preferably are placed oxn
the column in a position where the restraining force of
the anchor lines 36 acting on them will best stiffen the
column and reduce its tendency to flex under load or to
vibrate through the action of periodic fransverse wave
forces. On long columns set in deep water the optimum
position for these pulleys may be at a considerable depth
below the surface of the water. For example, a column
structure designed to support a drilling platform above
the surface in 500 feet of water may have the pulleys
located at a depth of 80 feet below the surface. It
may be desirable in such a circumstance, and necessary
in those cases where the location of the pulley connection
exceeds the water depth in which a diver can operate ef-
ficiently, to mount the anchor lines 36 on their respec-
tive pulleys 40 prior to the time the column structure
is seated on the bottom of the water. The free ends of
the anchor lines 36 are buoyed to the surface as by buoys
44 in a manner similar to those of anchor lines 30.

The respective bottom anchors 32 for the anchor lines
28 may be of any type which will remain fixed in posi-
tion at the bottom of the water. For example, an an-
chor which is drilled into the ocean bottom and ce-
mented in place would be suitable for this purpose. In
the present instance the anchors illustrated are of the
type which contain a buoyancy chamber to enable the an-
chor to be floated on the surface of the water to a position
vertically above its desired bottom location. As is under-
stood in the art, the buoyancy chamber of such an an-
chor is subsequently filled with water to cause the an-
chor to sink to the bottom and then is filled with a weight-
ing material such as sand to give the anchor maximum
holding force. The gripping power of the anchor may
be improved by providing it with projections 46 on its
bottom which will penetrate into the earth at the bot-
tom of the water and prevent the anchor from slipping
or creeping. The anchors are towed to their respective,
predetermined positions surrounding the well site and
thence are connected to derrick barges 48 by appropri-
ate air, water and sand lines 50 by which the buoyancy
of the anchor will be controlled as it is lowered through
the water and seated on bottom.

Prior to lowering the anchor the bottom end of the
anchor line 28 is attached to it to be pulled to the bottom
by the anchor. The free end of this anchor line is
buoyed to the surface as by buoy 52 for the purpose de-
scribed heretofore, or alternatively this anchor line may
be let off from a winch aboard the drilling barge as the
anchor is lowered. With the anchor line 28 attached,
the anchor 32 is lowered through the water by the der-
rick lines 56 while its buoyancy is controlled from the
barge through the hydraulic and pneumatic lines S50
until it is seated on bottom. It is then filled with the
weighting material to hold it firmly in place.

‘When the anchor is in place on bottom, the lines $0
are cast off from the barge and buoyed to the surface
by the buoy 58. These lines may later be recovered and
connected to appropriate sources of power on a service
boat to remove the weighting material and buoy the
bottom anchor to the surface. This latter procedure is
desirable if the column structure is to be moved to an-
other drilling location, since the bottom anchors are a
costly item for an installation of this type. Also, line
56 by which the anchor was lowered to the bottom is
cast off from the derrick barge and buoyed to the surface
by buoy 60 so that the line may be recovered and used
to lift the anchor off bottom.

A column structure of the type represented in FIG. 1
for use in 500 feet of water may have a diameter of ap-
proximately 28 feet and present a considerable area in
the region of the surface of the water in the environment
exposed to the greatest wind and water forces. In
normal water conditions the wave forces may not exceed
a few hundred thousand pounds on the upper portion of
the column. However, during storms the waves may
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have a total amplitude in the range of 50 feet and the
wave forces on the structure increase to several million
pounds. To hold the column stationary against normally
occurring transverse forces, a tension in the range of
300,000 pounds may be required in each of the six anchor
lines illustrated. Under storm conditions, however, a
restoring force in the range of 660,000 pounds may be
required in each anchor line to maintain a controlled
oscillation of the column structure about its equilibrium
position.

The restraining force on the column structure in the
system of the present invention is derived primarily
from the buoyant effect of the float means acting on the
anchor lines. For the installation described heretofore,
these float means may. be rigidified steel spherical shells
having a diameter of approximately 28 feet and filled with
air to supply the necessary buoyancy to create the re-
quired restaining forces. In the present modification
the various anchor lines are connected to the float means
in a manner which will cause the forces of the lines to
be transmitted in a radial direction when the float means
is established in its normal operating position. Thus the
sphere will not have any significant tendency to rotate
about its center as the relative tensions in the connected
anchor lines change, and hence these tensions will not be
affected by a circumferential displacement of the point at
which the anchor line is affixed to the float.

FIG. 5 illustrates a float means which may be used
in the anchoring system of this invention. The spherical
shell 62 is reinforced by internal strengthening girders
64 which are positioned on diametrical planes passing
through the points of anchor line attachment. The at.
tachments 66 and 68 for the anchor lines 36 and 30,
respectively, are secured on the exterior of the shell to
form with the inner strengthening girders a mechanical
connection capable of withstanding the anchor line joads
without distorting the spherical float means.

The anchor line 28 is passed through a diametricaily

disposed conduit 7¢ which is placed through the sphere in
alignment with the operating position of the anchor line.
The conduit is sealed at both ends to the shell 62 in 2
fluid-tight manner. Incorporated with the conduit is a
mechanism for adjusting the position of the float means
on the anchor line.
. -As exemplified in the illustration of FIG. 5, the ad-
justing mechanism may take the form of a pair of gripping
jaws 72 and 74 having a tapered outer surface 76 which
is complementary to a tapered inner surface 78 formed in
a carriage 80 in which the jaws are mounted. The com-
plementary tapered surfaces cause these jaws to approach
each other when they are moved relative to the carriage
in a direction radially inwardly of the sphere and to recede
from each other as they are moved relative to the carriage
in a direction radially outwardly of the sphere. The
jaws are biased to a closed position by the respective com-
pression springs 82 and 84, and antifriction bearings 99
are placed between the tapered surfaces to prevent fric-
tional forces from interfering from the relative move-
ment of the jaws and their carriage.

The carriage is constructed to slide longitudinally rela-
tive to the conduit 7¢ and is connected by a plurality of
rods 92 to corresponding pistons 94 within respective
hydraulic cylinders 96 which are disposed within and
parallel to the longitudinal axis of the conduit. Each
end of each cylinder is connected to a hydraulic fluid
line, and the hydraulic lines from corresponding ends of
different cylinders are manifolded together so that the
pistons can be made to move in unison in the same direc-
tion under hydraulic pressure.  Thus the lines 98 and 100
from the radially inwardly disposed ends of the cylinders
96 and 102, respectively, are connected to a common line
104 controlled by a valve 106 and the hydraulic lines
108 ‘and 110 connected to the radially outwardly  dis-
posed ends of the respective cylinders 96 and 102 are
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connected to a commeon line 112 controlled by a valve
114,

When the anchor line 28 is placed between the jaws
72 and 74 of this mechanism the springs 82 and 84 will
force them into contact with its surface. If the cylinders
96 and 102 are now powered to move the carriage 80
radially outwardly with respect to the sphere, the wedging
action between the jaws and their carriage will cause them
to grip the anchor line tightly so that they become rela-
tively fixed to it. The continued application of hydraulic
pressure to the cylinders will thus force the spherical
float to move relative to the gripping jaws along the
anchor line to a new position on it.

The float is held in this new position by a holding
mechanism 116 which is exemplified by a pair of clamp-
ing jaws 118 and 126 each of which is powered by a re-
spective piston 122 reciprocating in corresponding hy-
draulic cylinders 124 and 126 placed in opposed relation-
ships transversely of the conduit 76. The pistons are
connected to their respective clamping jaws by corre-
sponding rods 128, each of which is continuous through
its piston and passes through the associated cylinder head
130 through an appropriate fluid-tight packing. A com-
pression spring 132 is placed around the exposed portion
134 of the piston rod and held in place on it by a washer
136 and a nut 138. The cylinders 124 and 126 are con-
nected to hydraulic fluid lines 140 and 142, respectively,
which are connected to a common line 144 controlled by
a valve 146. Application of hydraulic pressure to line
144 causes the pistons to move toward each other simul-
taneously and thus causes the clamping jaws 118 and 120
to close. The springs retract the clamping jaws away from
the anchor line when there is no hydraulic pressure in the
cylinders. When hydraulic pressure is applied through
the lines 140 and 142, the pistons force the jaws 118 and
120 against the anchor line and clamp them to it. Ser-
rations or teeth 148 may be placed on the anchor line
engaging surfaces of the jaws to increase their holding
effect.

While the float means is held in its new position by the
clamping mechanism, the hydraulic pressure is released
from the lines 108 and 116 of the respective cylinders 96
and 102, and the hydraulic lines 98 and 160 are placed
under pressure. Thus the hydraulic fluid entering the
cylinders moves the pistons 94 toward the other ends of
their respective cylinders and forces the carriage 80 radi-
ally inwardly with respect to the spherical float. The
wedging action between the carriage and its contained
gripping jaws is relieved, and the jaws tend to move rela-
tive to the carriage in a direction to release their grip on
the anchor line. The springs 82 and 84 are constructed to
exert only enough compressive force to assure that the
anchor line engaging surfaces of the jaws contact the
anchor line with sufficient frictional force to cause the
wedging action between the gripping jaws and their car-
riage to occur. When the carriage is powered in a direc-
tion to relieve the wedging action, the springs permit the
jaws to disengage their tight hold on the anchor line and
move relative to it. The gripping power of the jaws may
be aided by placing serrations or teeth 156 on their an-
chor line engaging surfaces.

After the carriage 80 of the gripping mechanism has
been retracted radially inwardly the full stroke of its con-
nected pistons, hydraulic pressore is released from the
lines 98 and 109 and applied to the line 112 to again
power the mechanism to move radially outwardly along
the conduit 70. At the same time the hydraulic pressure
is released from the line 144, and the clamping jaws 118
and 120 retract from the anchor line, Thus the float
means will be forced along the anchor line 28 to a new
position where it again will be held by the clamping
means. This sequential operation of the gripping and
clamping mechanisms will be continued until the float
means 26 reaches the desired position on the anchor line
28. When this position is reached, the carriage 80 is
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vetracted to its radially inwardly pesition and then
powered radially outward a sufficient amount to cause the
jaws 72 and 74 to firmly grip the anchor line. The hy-
draulic pressure is now eased off from the cylinders, and
the tension of thé afichor line acting through the gripping
jaws will mové the carriage inwardly until the end sur-
face 152 of thé carriage 8¢ is in abutment with the end
surface 154 of the cylinder assembly. The tension in the
anchor line continues to imaintain the wedging action of
the jaws on it so that the float means will be anchored in
its submerged position.

If the drilling structure is designed to be moved to
other well sites, it is desirable to construct the float means
to be raised from its submerged position to the surface of
thé water along anchor line 28 as a convenient method
for retrieving it.

It is intended that this float means can be operated
githier by remote control from a surface boat or by a diver
within it. An air line 156 connects the interior of the
float with an air supply on a surface boat, permitting the
air pressure within the float to be varied and controlled.
An airlock 158 is provided to permit entry into the float
ffiéans by a diver while it is submerged. Water is ex-
¢cluded from the interior of the conduit 70 by sealing the
radially outer ends of it with packing means 169 and 162
through which the anchor line passes in a fluid-tight, slid-
able ¢conneéction. Preferably these packing means are hy-
draiilically operated packers such as are used in oil well
drilling procedures and constructed to withstand the ime-
chagical loading and fluid pressures associated with such
equipment. ) _

The hydraulic lines 104, 112 and 144 are continued
béyond their respéctivé valves and pass throtigh the shell
162 in a fluid-tight connection to the surface boat. Pref-
érably thesé lines and also the air line 156 are bundled
Within a4 wire-reinforced, high tensile strength covering
164 which will both afford theinh protection from physical
damage and supporft their weight. The lines are con-
nected to appropriate sources of hydraulic fluid on the
surfaée boat, and interposed valves on the boat pérmit
remote control of the mechanisms contained in the float.

Referring now to FIG. 3 of the drawings, the plurality
of float means 26 are towed to positions adjacent the
column structure and positioned around it in angularly
spaced relationship in conférmance with the disposition
of the anchor lines 36 thereon. The float means is §ap-
poited from the derrick on the barge 166 by the line 168
and is attached to the barge by the air and hydraulic fluid
lines, indicatéd as the bundle 164, which can be payed off
from a reel 170 on the barge as the fldat means is lowered
through the water. The buoyed ends of the anchor lines
30 and 36 are retrieved and connected to their respec-
tive connectors 68 and 66 on the float. The fre¢ end of
the anchor line 28 is passed through the conduit 70 in
the float means and between the jaws of the gripping and
¢lamping meéchanisms therein, which have previously been
described. These meéchanisms are placed in operation
by remote control from the derrick barge to force the
float means to progress downwardly along the anchor line
28 t6 a submerged position in the water. As the float
means is being submerged, the anchor line 36 is payed out
from its winch 42.

As the float submerges, the anchor lines 30 and 28 are
pulled taut by its buoyant force, and the float continues
to move downwardly through the water in a circular path
about the radius formed by the line 3¢ until it is sub-
merged below the surface to a predetermined depth.
When it is in this position the anchor line 28 is secured
within the float means in the manner described hereto-
fore.

The anchor lines 28 and 30 extend as angularly related
substantially straight lines between the float and their re-
spective bottom anchors and during normal operating
conditions hold the float substantially statiohary at a pre-
determined position within the water and under all oper-
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ating conditions prevent the float from rising to a higher
elevation above the water bottom than. its predetermined
position. They do, however, permit the float to be sub-
merged a greater distance under the action of extraordi-
nary forces imposed on it. The arrangement of the float
and the anchor lines which connect it to the bottom of
the water in a manner to remain substantially stationary
under normal operating conditions forms a means to
which a marine structure can be comnected to control its
displacement under the action of transverse forces. For
simplicity of description, the float means 26 and its asso-
ciated anchor lines 28 and 30, together with their bottom
anchors, will be called an anchoring station.

As explained heretofore, and as illustrated in FIG. 1,
this modification of the invention employs six anchoring
stations which are distributed in equiangular relationship
around the column structure. After the anchoring sta-
tions are established as previously described with rela-
tion to FIGS. 2, 3 and 5, and with the ends of the plu-
rality of anchor lines 36 attached to their respective float
means, the winches 42 are operated simultaneously to
take the slack out of these anchor lines and place in them
the amount of tension which has been calculated to supply
the designed restraining force to the column structure.
The mechanism within each float means 26 and the
winches on the marine structure permit the adjustment of
the position of each individual submerged float and of the
tensiens in the anchor lines connected to it if a bottom an-
chor 32 should slip or creep under the foices imposed
on it.

When all of the anchoting stations are established in
their predetermined positions and the mariné structure
anchored to them by the phirality of anchor lines 36, the
dertick barges 166 may cast off the lines 164 and 168
connecting them with the submerged floats and buoy the
uppér ends of thesé lines on the surface as by buoys 172
and 174, respectively. Subsequently, these lines cah be
picked up by a service boat and connected to appropriate
power sources aboard it to actuate the mechanism within
the float imeans to adjust the position of the float in the
water or to bring it to the surface.

~ After the marine structure i§ restrained in position by
its pretensioned anchoring system as described heretofore,
the derrick 25 and other apparatus required for drilling a
well Boré aré mounted on the drilling platform 26. The
buoyant force of the float means and the angular disposi-
tion of the anchor lines connected to it are designed to
produce a resultant force at the pulley mounts 40 to hold
the assembled drilling structure substantially stationaty
against any transverse force which will be imposed upon
it by the normal action of the wind and the water.

For example, for the column structure mentioned here-
tofore designed for use in 500 feet of water a restraining
force of approximately 380,000 pounds may be required
in edch of the six anchor lines attached to it to hold the
drilling platform substantially stationary against normally
occurring transverse wind and water forces. If, for stich
an installation, the anchor line 28 is made with a length
one and one-half times the distance of its horizontal pro-
jection, that is, one and one-half times greater than the
distance between a point on a horizontal water bottom
vertically beneath the float 26 to the bottom anchor 32,
the float meéans 26 is submerged a distance of 80 feet be-
low the surface of the water, the anchor line 36 has a
length of 315 feet between the float and the column, and
its pulley mount 40 is 100 feet below the surface of the
water, a buoyant force of 252,000 pounds will be required
to supply the necessary tension in anchor line 36.

When the column is in equilibrium condition, part of
the buoyant force of the float means is imposed on an-
chor line 30. The initial movement of the column will
increase the tension in anchor lines 28 and 36 which, since
they are disposed as straight lines, will stretch as tensile
springs, and further movement will cause the anchor line
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36 to pull the float means downwardly in the water in a
circular path with the anchor line 28 as a radius, at the
same time relieving the tension in line 30. As the float
means moves downwardly through the water, the angle
included between the anchor lines 36 and 28 increases,
and the restraining force placed in the anchor line 36
through the action of the anchor line 28 and the float
means 26 increases also, since the tension in line 36 varies
approximately as the cosine of the angle which is supple-
mentary to that included between the lines 3% and 38.
For example, for the configuration described heretofore,
if the column structure should move in a transverse di-
rection 25 feet, the vertical component of float movement
would be approximately 38 feet, and the tension in line
36 would increase from the initial amount of 380,000
pounds to approximately 504,000 pounds, assuming the
buoyant force of the submerged float remains constant,
Thus, in accordance with the present invention the ten-
sions in the anchor lines are controlled primarily by the
buoyant force of the float means as it acts on the chang-
ing geometry of the anchor system and permits the use
of less massive anchoring equipment than wonld be re-
quired if simple guy lines were attached directly between
the column structure and fixed bottom anchors.

When the column structure in the arrangement shown
in FIGS. 1 and 4 has a transverse force imposed on its
top portion which cause it to move in a lateral direction,
the tension will be increased in the anchor lines 36 and
28 on the side of the structure opposite to the direction
of movement, and the buoyant means attached to these
lines will be pulled downwardly through the water. The
amount of tensile force imposed by the float means in the
anchor lines 28 will be a function of the displacement
of the float means from their initial positions as explained
heretofore. For any given amount of float displacement,
the anchor lines will impose a constant restoring force
on the top portion of the column structure to oppose the
displacement of it caused by the transverse force. At the
same time the anchor lines 36 disposed on the side of the
column in the direction of transverse movement will have
the effect of the buoyant force of the float means removed
from them, since the floats will be held in a substantially
stationary position at the predetermined minimnm sub-
merged distance by the lines 28 and 30, and will go slack.
Thus, there will be no tension in these anchor lines to add
to the transverse force which caused the movement of the
column structuore.

It will be appreciated that the storm waves which cause
lateral displacement of the column structure are periodic
in nature and may have periods in the range of 11 to 15
seconds, for instance, for 50-foot waves. Thus, as the
wave passes the column and its peak force diminishes, the
constantly acting restoring force of the active anchor sta-
tions will move the structure back to its vertical position.

It will be apparent from the arrangement of the anchor
lines illustrated in FIG. 1 that a transverse movement of
the top portion of the column structure will place at least
two of the anchor lines connected to it under sufficient
tension to depress the corresponding float means, and in
most cases three of the anchoring stations will be re-
straining the structure with a force related to the geo-
metric arrangement of the various anchoring stations in
relation to the direction of the applied force. For ex-
ample, if we assume a force sufficient to move the top
portion of the mast transversely a distance of 25 feet is
applied in the direction of one of the anchor lines 36 con-
nected to the mast, the corresponding anchor lines on
either side of it obviously also will be affected. As ex-
plained heretofore, a 25-foot displacement of the column
structure will cause the tension in the anchor line 36 in
.alignment with the transverse force to increase from the
initial amount of 380,000 pounds to a value of approxi-
mately 504,000 pounds. The tensions in each of the other
anchor lines on either side of this anchor line will increase
‘to 450,000 pounds, and the component of this tension in
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the direction of column movement will have a value of
225,000 pounds. Thus, the anchoring system will apply
a restoring force of 954,000 pounds to the column struc-
ture to return it to its vertical position.

In the arrangement illustrated in FIG. 1, as explained
heretofore, the anchor lines are buoyed to extend as
straight lines between their connected ends and normally
are operated under tension. The column itself, although
rigid enough to support the drilling structure mounted on
its top, is susceptible to some flexure under transverse
forces. The combination of the column, the supported
drilling apparatus and the anchor lines forms an elastic
system which inherently will have particular vibration
characteristics.

Transverse forces of two kinds normally will be im-
posed on the structure. These comprise in one group such
transverse forces as those induced by the wind or a cur-
rent of water or eccentric loading of the drilling platform
which act on the structure from a single direction for a
relatively long period of time, and in another group, peri-
odic wave forces. .

Under normal operating conditions the periodic wave
forces may occur with a frequency which is resonant with
a natural frequency of the column-anchor system and
hence set up a forced vibration in the structure. If the
anchor lines were rigidly attached between the structure
and fixed bottom anchors, as has been suggested in the
prior art, the forced vibration under resonant conditions
can build up in magnitude to a degree to impose forces
on the system greater than its designed limits, and cause
the system to fail.

FIG. 6 is a graphical illustration of the force-displace-
ment relationship which can be encountered in an elastic
system. In an anchoring system as described immediately
heretofore in which the anchor lines extend as straight
lines from a fixed connection on the column to a fixed
bottom anchor, the anchor lines act as tensile springs, and
the force-displacement characteristic has a straight-line
relationship as indicated by the line A—C. In such a
system, as the top portion of the column tends to be dis-
placed by transverse forces imposed on it, the force in
the anchor lines builds up proportionately. These trans-
verse forces may be those induced by a resonant vibra-
tion of the column-and-anchor system under periodic
wave forces, as well as the directly imposed forces. Un-
der these conditions the forced vibrations set up in the
system may produce stresses which are more significant
than those resulting from the more directly imposed
forces. Hence, the anchoring system must be made strong
enough to withstand the forces from both sources, or the
structure will fail under the loads induced in.it.

The line A—B—D—F of FIG. 5 illustrates the force-
displacement relationship of the system of the present in-
vention. As has been noted heretofore, the anchor lines
connected to the column structure are preloaded by the
buoyant means of the anchoring station to which they
are connected. This loading causes the anchor lines 36
to produce a resultant force at each of the respective
pulley supports 49, and the component of this force di-
rected radially outwardly relative to the column will hold
the column relatively stationary under applied transverse
forces below a predetermined amount. When this pre-
determined amount is not exceeded, the anchor lines will
act as tensile springs, and the transverse forces imposed
on the column will cause the anchor lines to stretch in a
straight-line force-displacement relationship as indicated
by the line A—B. However, when the transverse forces
on the column exceed the force corresponding to the
point B of the graph, the anchor lines under the greatest
tension will depress their attached float means in the

-manner explained._ heretofore, and for a given displace-

ment the float means will impose a constant load on the
anchor lines of an amount less than that which would oc-
cur in a simple guyed system. Therefore, an initial dis-
placement of the column structure causes the float means
to apply a'slightly increasing load to the anchor lires as
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indicated by the line B—D. As the displacement in-
creases and the float means is depressed more deeply in
the water, the anchor lines 28 and 36 approach a collinear
relationship and the force-displacement relationship of
the system approaches that of the simple guyed system,
as represented by the increasing slope of the line D—E.
Hence, the force-displacement relationship of the elastic
system changes and assumes the characteristic indicated
by the line B—D~—E of the graph.

It will be noted that the vibration characteristics of the

present system change abruptly when a lateral force above
the predetermined amount is placed on the column struc-
ture. If this lateral force is caused by a synchronous
vibration which produces a forced oscillation in the elastic
system, when the vibration characteristics of the system
change at the point B it is no longer in synchronism with
the periodic forces which induced the vibration, and the
column structure does not respond with forced oscilla-
tion, Thus, with the present system, the anchor lines and
bottom anchors used can have a capacity less than that
which would be required by a rigidly connected anchor-
ing system and still maintain the drilling structure at the
well site without structural damage when it is exposed
to the large wave forces produced by storm conditions.

FIGS. 7, 8 and 9 illustrate a modification of the anchor-
ing system of this invention applied to a floating drilling
platform and a method by which the anchoring system
may be installed.

The drilling structure comprises a platform 209 which
is mounted through appropriate structural members 202
on pontoons 2064 and 206. The pontoons are positively
buoyant and are pulled below the surface of the water
and held there by a plurality of lines 208 which are at-
tached to corresponding anchors 210 on the bottom. The
pontoons thus are maintained in position below the water
surface and out of the environment of the forces oc-
curring at the water surface. The structure is restrained
in position over the drill site by anchoring it to a plurality
of laterally disposed anchors, all of which is familiar to
the arf.

The illustration of FIG. 7 shows the drilling structure
anchored at the well site by eight laterally disposed an-
choring arrangements. It will be appreciated that more
or less lateral anchors may be used, depending on the
physical characteristics of the structure to be anchored
and the amount of restraint to be imposed on it. This
modification of the anchoring system may, for instance,
be applied to a boat or a barge to restrain it from lateral
displacement while permitting it to move in a vertical
direction in response to water forces.

FIGS. 8 and 9 illustrate the method for installing the
anchoring station for one of the lateral anchor lines. In
this modification of the invention an hermetically sealed
float means 212 may be used, restrained in a substantially
stationary position submerged below the surface of the
water 214 by anchor lines 216 and 218 which are at-
tached to respective bottom anchors 220 and 222. The
float means and the bottom anchors may be connected
together by the anchor lines 216 and 218 while all of
the components are on the surface of the water, the bot-
tom anchors being supported by respective derrick barges
224 and 226. The barges are aligned with the marine
structure in the vertical plane in which the anchoring
station is to be disposed and at a distance from each other
which will cause the bottom anchors 226 and 222 to land
on the bottom 228 spaced from each other a predeter-
mined distance. The distance the derrick barges must
be spaced apart on the surface of the water to accomplish
this result is calculated beforehand, and the barges are
connected by a line 230 to maintain this distance.

Prior to lowering the components of the anchoring sta-
tion into the water, one end of the anchor line 232 is con-
nected to it at the point where the anchor lines 216 and
218 are connected to the float. The other end of the
anchor line 232 is connected to the floating drilling struc-
ture by a connection which will permit this anchor line to
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be slacked off or taken up. As exemplified in the draw-
ings, the anchor line is mounted over a pulley 234 affixed
in alignment with it to the pontoon and thence passes
upwardly to a winch mechanism 236 on the drilling deck.
The winch permits the line to be slacked off or taken up
and placed under a predetermined tension.

In the present modification of the invention the float
means 212 is connected to the common juncture of the
three anchor lines associated with it by a connecting link-
age 238. Thus, in an equilibrium position the float means
exerts a force on all of the anchor lines through the com-
mon connection.

All of the anchor lines of the lateral anchoring system
are constructed to have substantial neutral buoyancy in
the water so that they extend as substantially straight lines
when placed under tension, in the manner described here-
tofore with respect to the modification of the invention
exemplified by FIG 1.

After the float means and its associated bottom an-
chors are connected together at the surface of the water
and the end of anchor line 232 is connected to the as-
semblage, the bottom anchors 220 and 222 are lowered
through the water from their respective derrick barges.
The anchor lines connecting the bottom anchors with
the float means pull the latter downwardly through the
water to a submerged position. During the lowering
procedure, the derrick barge 226 is held in a position on
the surface of the water which will place the bottom
anchor 222 at a predetermined lateral distance from the
drilling structure and in an alignment with it described
heretofore. The bottom anchor 220 preferably is seated
on the bottom at a distance from the bottom anchor
222 which will cause the angle included between the
anchor lines 216 and 218 to be substantially 90°. The
lengths of these latter anchor lines are predetermined
to hold the float means 212 in a substantially stationary
position at the desired submerged elevation above the
bottom of the water.

A marker buoy 240 is attached to the float means prior
to lowering it and after the bottom anchors 220 and
222 are secured on the bottom of the water the lines
242 and 244 respectively, by which they were lowered
may be cast off from the derrick barges and buoyed
to the surface as indicated by the buoys 246 and 248.
Subsequently, these lines may be recovered and recon-
nected to derrick barges to retrieve the bottom anchors
and the intercomnected components of .the anchoring
station.

During the time the anchoring station was being estab-
lished in position, the anchor line 232 was slacked off
from the drilling structure so that its tension would not
interfere with the operation. When the float means is
secured in its submerged location, the anchor line 232
is reeled in on the winch mechanism 236 until a prede-
determined tension is imposed on it to provide the de-
sired restraining force in the lateral anchoring system.
All of the eight anchoring stations indicated in FIG. 7
are established in position prior-to taking the slack out
of the anchor lines 232 connecting the drilling structure
to them. The winches associated with the respective
anchor lines are operated substantially simultaneously to
bring the plurality of anchor lines 232 under tension
uniformly without imposing an unbalanced transverse
loading on the drilling structure.

The anchoring system of the present modification of
the invention functions in a manner similar to that de-
scribed heretofore in relation to FIGS. 1 and 4. When
the drilling structure is in an equilibrium position, the
float means 212 is at its maximum elevation above the
bottom of the water and is held there in a substantially
stationary position by the anchor lines 216 and 218
which are both in tension. The buoyant force of the
float means and the disposition of the anchor lings con-
nected to it, including the anchor line connecting it to
the drilling structure, determine the restraining foree to
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lateral movement which the anchor system will impose
on the drilling structure. This initial restraining force
is designed to hold the drilling structure relatively sta-
tionary in position over the well site against mnor-
mal wave forces. When the drilling structure is ex-
posed to wave forces exceeding the normal, the tension
in the anchor lines 232 and 218 will be increased on those
sides of the structure exposed to the excessive forces
while simultaneously the tensions in the remaining an-
chor lines will decrease. As the tension in anchor line
232 increases above the amount it was loaded for equi-
librium conditions, a force is placed on the float means
212 which causes it to move downwardly through the
water in a circular path which has the anchor line 218
as its radius. At the same time the anchor line 216
goes slack.

As explained heretofore, the restraining force exert-
ed on the drilling structure by an anchoring station is
a function of the buoyant force of the float means and
the angular relationship of the anchor lines 218 and
232. The force-displacement characteristics of this modi-
fication of the anachoring system are similar to those
described heretofore with relation to FIG. 6. It may
be noted against that when tension is released from an
anchor line 232, the full buoyant force of the float means
is taken up by the anchor lines 216 and 218 which hold
the float means at its predetermined, substantially sta-
tionary, submerged position in the water and prevent it
from moving upwardly through the water to continue to
impose 2 force on the anchor line 232. Under this con-
dition the anchor line 232 does not impose a lateral force
on the drilling structure. Hence, if the structure moves
laterally, the anchor lines on the sides of the structure
opposite those on which the transverse force is imposed
go slack and do not apply an additional transverse force
which would aggravate the situation.

If the floating drilling platform should respond to pe-
riodic wave forces with a synchronous oscillation, the
force-displacement characteristics of the elastic system
will change abruptly when the tension induced in the
anchor lines 232 and 218 causes the float means 212
to move downwardly through the water, and the system
will no longer be in resonance with the periodically ap-
plied forces. Hence, as in the case of the first-described
modification, this anchoring system permits the use of
less massive anchoring equipment that would be re-
quired in a simple anchoring system and yet restrains
the drilling platform at the well site against the aggra-~
vated transverse forces experienced during storms.

It is apparent that many modifications can be made
and equivalents substituted for the various components
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of the anchoring systems illustrated herein. Therefore, .

it is desired that the described exemplary embodiments
of this invention be accepted as illustrative and not limit-
ing and that the scope of the invention be limited only
by the definitions of the appended claims.

We claim: :

1. Means for anchoring a marine structure against
substantial lateral displacement comprising a marine
structure positioned in a body of water, a plurality of
float means placed circumferentially around said marine
structure, a respective pair of bottom anchor lines for
each float means of said plurality, a respective bottom
anchor means for each anchor line of said respective
pair and placed in spaced apart relationship to each other
and in mutual alignment with said structure, means con-
necting each said anchor line of said respective pair to
the corresponding said each float means and to the corre-
sponding said respective bottom anchor means with said
respective pair of anchor lines proportioned in length
to hold the corresponding said each float means sub-
merged below the surface of said body of water in a
substantially stationary normal operating position, a re-
spective third anchor line means connecting said each
float means with said marine structure and extending
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as a substantially straight line between the corresponding
said each float means and said marine structure, and
means to adjust the tension in each said third anchor
line means to apply a predetermined anchoring force to
said marine structure while maintaining said each foat
means at its said substantially stationary normal operating
position.

2. Means for anchoring a marine structure comprising
a marine structure positioned at an offshore location, a
plurality of float means disposed in angularly spaced re-
lationship circumferentially around and spaced horizon-
tally from said marine structure, a respective plurality
of first anchor lines connected to each float means and
holding said each float means submerged in the water
in a respective substantially stationary normal operating
position with at least one anchor line of said respective
plurality extending outwardly from the corresponding
said each float means relative to said marine structure
and disposed as a substantially straight line along its
length, respective second anchor lines conmnecting each
of said float means to said marine structure, means for
placing each of said second anchor lines under tension
to -dispose said second anchor lines as substantially
straight lines between said each float means and said
marine structure, and means for adjusting the tension in
each of said second anchor lines to apply a restraining
force of a predetermined amount on said marine struc-
ture when said marine structure is in an equilibrium posi-
tion and while maintaining said float means in said sub-
stantially stationary normal operating position.

3. A means in accordance with claim 2 wherein the
buoyancy of the said float means in selected and the
tension in each of said second anchor lines is adjusted to
the amount required to hold said marine structure rela-
tively stationary when exposed to wave forces below
a predetermined minimum force and to permit said struc-
ture to move transversely when exposed to wave forces
above the predetermined minimum force.

4. A means for anchoring a marine structure in a
fixed location in a body of water comprising a plurality
of float means disposed around a marine structure at an
off-shore location and spaced apart therefrom and from
each other, a plurality of respective first anchor lines
affixed to each float means and restraining said each
float means in a substantially stationary submerged posi-
tion, at least one of said first anchor lines affized to a
bottom anchor positioned at a greater horizontal distance
from said marine structure than is the corresponding
said each float means and disposed in a plane passing
through the vertical axis of said marine structure and said
corresponding float means, a respective second anchor
line connecting said each of said float means and said
marine structure, and means for adjusting the tension
in each of said respective second anchor lines to apply a
predetermined restraining force to said marine structure
when said marine structure is in an equilibrium position
while said float means is in said substantially stationary
submerged position.

5. A means in accordance with claim 4 wherein said
second anchor lines are placed under equal initial pre-
determined tension to hold said marine structure rela-
tively stationary when said structure has imposed on it
iransverse wave forces below a predetermined minimum
amount, and the buoyant force of said float means is se-
lected to permit each said float means to be moved down-
wardly in the water when the tension in the correspond-
ing said second anchor line exceeds a predetermined
amount,

6. Means for anchoring at a fixed location in the water
a column structure extending vertically from a footing
at the bottom of the water to the surface thereof com-
prising a plurality of bottom anchor means disposed
circumferentially around said column structure in equi-
angular relationship and spaced radially from said col-
umn structure, a corresponding plurality of float means
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submerged in the water and disposed circumferentially
around said column structure in equiangular relationship
and spaced radially from said column a distance less
than said bottom anchor means, a first anchor line of
substantially neutral buoyancy connecting each of said
bottom anchor means with a corresponding one of said
float means, a corresponding second anchor line connect-
ing each of said float means with the said column struc-
ture adjacent its bottom, said first and said second anchor
lines cooperating to restrict the upward movement of said
float means to a predetermined minimum depth of sub-
mersion, a corresponding third anchor line of substantial-
ly neutral buoyancy adjustably connecting each of said
float means with said column structure adjacent the top
portion thereof, adjusting means in each of said float
means to adjust the position of each of said float means
on the corresponding said first anchor line while said float
is submerged.

7. Means for anchoring a column structure in accord-
ance with claim 6 wherein the means to adjust the posi-
tion of a float means on its corresponding said first
anchor line is remotely controlled from the surface of
the water,

8. Means for anchoring a structure in the water com-
prising a plurality of buoyant elements submerged in the
water and spaced around said structure, a pair of anchor
lines for each of said buoyant elements, means connect-
ing one end of each of the anchor lines of said pair to
the corresponding buoyant element, means anchoring
the other end of each of said anchor lines of said pair
at the bottom of the water in spaced relationship and
in mutual alignment with said structure to anchor said
buoyant elements in normally staitonary submerged posi-
tions, a corresponding anchor line connecting each of said
buoyant elements with said structure, and means to dis-
pose said anchor lines as substantially straight lines when
said anchor lines are placed in tension.

9. Means for anchoring a marine structure against
substantial lateral displacement comprising a marine
structure positioned in a body of water, a plurality of
float means placed circumferentially around said struc-
ture, a respective plurality of bottom anchor lines for
each float means of said plurality of float means, a re-
spective bottom anchor means for each anchor line of
said respective plurality of bottom anchor lines and
placed in spaced apart relationship to each other, means
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connecting each said anchor line of said respective plu-
rality of bottom anchor lines to the corresponding said
each float means and to the corresponding said respective
bottom anchor means with said respective plurality of
bottom anchor lines proportioned in length to hold the
corresponding said each float means submerged below
the surface of said body of water in a substantially sta-
tionary normal operating position, a respective lateral
anchor line means connecting said each float means with
said marine structure and extending as a substantially
straight line between the corresponding said each float
means and said marine structure, and means to adjust the
tension in each said lateral anchor line means to apply
a predetermined anchoring force to said marine struc-
ture while maintaining said each float means in its sub-
stantially stationary normal operating position.

10. A method for anchoring a marine structure in a
manner to remain substantially stationary against the
action on it of transverse normal water forces comprising
placing a structure at a predetermined location in a body
of water, placing a plurality of float means in submerged
positions circumferentially around said structure, restrain-
ing the respective float means of said plurality to operate
normally in a substantially stationary submerged position
by restraining means which permit said respective float
means to be individually submerged deeper in the water
under abnormal operating conditions and prevent said
respective float means from decreasing the submerged
depth of said substantially stationary submerged position
under abnormal operating conditions, connecting said re-
spective float means to said structure by respective flexible
connecting means, and placing substantially equal tension
in each of said respective flexible connecting means to
anchor said structure at said location,
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