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This invention relates to structures for drilling wells 
in o?shore locations and, more particularly, to means for 
anchoring such structures in a ?xed location by apparatus 
which will hold the structure relatively stationary against 
the wind and‘water forces ‘normally encountered at olf 
shore drilling sites, but will permit a predetermined con 
trolled oscillation ‘when the structure is exposed to ex 
cessive forces to thereby control the stresses placed on 
the structure and on the ‘anchoring apparatus. 
As offshore drilling progresses into deeper waters, 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 se 
vere, 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 ?xed position rela 
tive to the bottom 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 structure 
may, for instance, comprise a drilling platform supported 
.on submerged buoyant members and held in position at 
the well site by anchor lines extending to ?xed anchors 
at the ocean bottom. Another such structure may com 
prise a-slender column ormast which is seated at its bot 
tom end on the ocean ?oor and extends vertically through 
the water to support a drilling platform above its surface. 
The latter structure is held in a vertical position pri 
marily by anchor or guy lines which extend downwardly 
and outwardly from the top portion of the column to 
a ?xed anchoring means at the bottom of the water. In 
this case, the anchor orguy lines become component parts 
of the support structure and act as tensile members which 
restrain the column from being displaced from a verti 
cal position by the transversely directed wind and water 
forces acting on it, especially those forces acting on its 
uppermost portions. 
An effective anchoring system for a deep water drilling 

structure must be capable of restraining the structure from 
excessive movement induced by the action of the several 
separate wind and water forces which act on it simul 
taneously. One ofthese, obviously, is the periodic wave 
motion of the water surface. However, this motion by 
itself would not be too signi?cant under ordinary fair 
weather conditions. For instance, with a freely ?oating 
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 of approximately six-foot total ampli 
tude, and a freely ?oating structure would follow the 
motion of the water particle. This oscillation of the 
drilling structure would not be too signi?cant .in deep 
water drilling,‘provided the period of oscillation was that 
normally encountered with ocean waves. 

.Of more signi?cance, perhaps, under normal condi 
tions are the effects of wind and water forces which con 
stantly bear on the drilling structure from a transverse or 
lateral direction. A tidal current, for instance, would 
soon carry a ?oating .drillingstructure far off the drilling 
site if it Twas not anchored-in place, .or scant a .column 
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from a vertical position if it was not restrained by anchor 
lines. Therefore, in order to maintain a structure in 
position over the well site, it is necessary 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 o? 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 plat 
form with the well bore will be damaged or destroyed. 
Obviously, also, slacking off the anchor lines of a slender 
column would permit it to tilt at an angle from the verti 
cal 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 fre 
quency and hence more suceptible to forced oscillation 
by the smaller water waves of higher frequency. Further 
more, such a procedure places a greater stress on the 
anchor lines and puts more ‘force on the anchors, necessi 
tating the use of heavier equipment. The cost of a later 
al anchoring system is almost proportional to its holding 
capacity, and, other considerations aside, it becomes 
economically unattractive to make an anchoring system 
strong enough to withstand directly all of the forces im 
posed 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 o?shore drilling structure to hold 
the structure relatively stationary in place at the drilling 
site during normal conditions of wind and water and per 
mit it to ‘move with a controlled oscillation when abnor 
mally severe wind and water forces are imposed on it. 
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. 

Another 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 a 
system having lateral force-de?ection characteristics which 
limit the amplitude of lateral oscillation of the structure 
and the forces induced in the anchoring means. 

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 ap 
plication. 
The objects of this invention are achieved by provid 

ing a marine structure with an anchoring system which 
comprises buoyed anchor lines extending substantially as 
straight lines radially from the structure and diagonally 
downward to anchors at the bottom of the water. The 
anchor lines are placed under su?icient tensile stress be 
tween the anchors and the structure so that they will act 
as rigid tensile members as distinguished from catenary 
members. 
The upper ends of the anchor lines are mounted over 

the pulleys or some similar means supported by the 
column structure and then are operatively connected to 
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loading means, which in a simple form may be counter 
welghts, which will prevent the tensile stress in the anchor 
lines from exceeding a predetermined maximum value. 

- _When the transverse periodic forces imposed on the drill 
mg structure exceed that for which the anchor lines are 
designed, as may be the case when the structure moves 
under a forced vibration, the anchor lines are able to 
move over their pulley mounts, and the loading means 
attached to them will hold them below their designed 
maximum tension while the drilling structure tends to 
oscillate. The inertia forces resulting from the move 
ment of the structure help to resist the wave forces so 
that the forces to be resisted by the anchor lines are sub 
stantially lessened. - 

The loading means is selected to act together with the 
anchor lines to place a resultant anchoring force on the 
drilling structure sufficient to hold it substantially sta 

- tionary under normal operation conditions. Under these 
conditions the anchor lines will function as if they were 
rigidly attached to the drilling structure, and the elastic 
system which comprises the structure and the anchoring 
means will have de?nite resonant frequencies. How 
ever, if a forced vibration builds up in the system and 
tends to produce an oscillation of magni?ed amplitude, 
the anchor lines will move on their pulley mounts, and 
the maximum load which will be imposed on them will 
be substantially that applied by the loading means. This 
Will cause the resonance characteristics of the system tov 
change abruptly. The system then will be out of reso 
nance with the periodically applied forces which caused 
.the vibration, and hence the vibration will not increase 
substantially in amplitude. 

The anchoring system, including the buoyed anchor 
lines, the bottom anchors to which they are attached, and 

.p the loading means which holds them in tension, is de 
signed to anchor the marine structure at the desired loca 
tion under all foreseeable wind and water conditions. 
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This does not mean, 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 su?iciently 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 component 
parts, and to do so with less massive equipment than 
.would be required with ordinary anchoring means. 

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

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. 

FIG. 2 is a schematic'representation of a side eleva 
tion of a modi?cation of the anchoring system applied 
to a marine column structure with parts broken away to 
present an illustration of the arrangement of some of the 
components of the system. 

FIG. 3 represents a plan view taken along line 3--3 
' of FIG. 2. 

FIG. 4 is a schematic representation of the sheave ar 
rangement through which the upper ends of the anchor 
lines are connected to loading means. ' 

FIG. 5 is a graphical illustration of the relationship be 
tween force and displacement in an anchoring system of 
this invention. _ 

FIG. 6 represents a side elevation of another modi?ca 
tion of the anchoring system as applied to a marine 
column structure with parts broken away to better illus 
trate the interrelationship of the components. 

FIG. 7 is a plan view taken along the line 7—7 of 
' FIG. 6 and illustrates the arrangement of the counter 
.weights in this modi?cation of the invention. 

FIG. 8 is a plan view taken along the line 8-—8 of 
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FIG. 6 and illustrates further details of the arrangement 
of the pulley system on the column. 
FIG. 9 represents in side elevation another modi?ca 

tion of an anchoring system in accordance with this in 
vention with parts broken away to better illustrate the 
interrelationship of the components. 
FIG. 10 is a plan view taken along the line Ill-10 of 

FIG. 9 of a portion of this embodiment of the anchoring 
system. , ' - - ' -" 

FIG. 11 is a schematic representation ‘of a loading 
means for the anchor lines employed in the modi?cation 
of the invention illustrated in FIG. 9. , 
FIG. 12 represents a schematic‘illustration ofvthe an 

choring system as applied to a floating drilling platform. 
As illustrated in FIG. 1, a drilling platform '20 is sup 

,ported above the surface of the water 22 by a column 
structure 24, the lower end of which is seated at the bot 
.tom of the water 26 in a footing 28 which holds the bot 
tom of the column at the drill site. Drilling structures 
of this type are intended for use primarily in relatively 
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 from 
20-1 to 40-1. As will be understood in the art, such a 
structure may be built on land with buoyancy chambers 
incorporated in it so that it may be ?oated in a horizontal 
position to the drilling site. The column is placed in a 
vertical position by ?ooding the buoyancy chambers in 
its lower portion while maintaining those in its upper por 
tion ?lled with air. The column is then towed to a posi 
tion over the drilling site, and its buoyancy is controlled 
to permit it to sink in a vertical position until its bottom 
footing is seated on ‘the submerged earth. The chambers 
in the lower portion of the column may then be ?lledwith 
a dense material, such as sand or cement, to hold it ?rmly 
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 

40‘ position but also produces a tensile stress through the 
middle portion of the column, thus increasing its load 
carrying ability. ' 

As illustrated in FIGS. 2 and 3, the column is construcb 
_ ed to include as load carrying structural members the plu 
rality of conductor casings 30, through which the drill 
string will be guided to drill wells in the submerged sub 

jterranean formations. The conductor casings are trussed 
together as indicated by the numeral 32 and may have an 
exterior shell 34 and an interior shell 36 connected to 
them. The shells also may be load-carrying members, 

' and they, together with the conductor casings and the in 
terconnecting trussing, form a rigid column. The column 
may be partitioned along its longitudinal axis by a plu 
rality of transverse walls, such as are indicated by the 
numerals 38 and 40, which are sealed to the shells and 

_ the conductor casings in a ?uid-tight manner to form sepa 
rate buoyancy chambers along its length. Such a con 
struction produces a column which has su?‘icient stilfness 
to support the weight of the drilling platform, including 
the derrick 42 and the equipment necessary for drilling 
the well, which are mounted on the top of the column 
after it is anchored in place. 

After the column is set on bottom at the drill site and 
before the drilling platform structure is erected on the 

" top of it, it is anchored in place against transverse or lat 
1- eral forces imposed on it by wind and water action by a 
‘ plurality of anchor lines 44. These lines are spaced cir~ 
cumferentially around the column and extend diagonally 
downwardly and outwardly to corresponding anchoring 

~ means 46 which are positioned at the bottom of the water 
in horizontally spaced relationship to the bottom of the 
column and angularly spaced from each other to be prop 
erly disposed to hold the respective anchor lines in the 
desired position. The anchor means 46 may be a massive 
weight lowered through the water from a derrick’ barge 
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‘to a position on the water bottom vwhich‘has been deter~ 
mined beforehand to .be the proper position with respect 
to the location of the column to produce the best anchor 
ing effect. In the .present invention the particular arrange 
ment of the anchor lines and the manner in which they 
are mounted on the column structure permits the use of a 
less massive anchoring system than would be necessary 
if the anchor lines were secured in a ?xed relationship to 
the column and anchors. 
Pursuant to this invention the anchor lines 44 are buoyed 

along their lengths so that they will assume a substan 
tially straight line position between the bottom anchors 
and their mountings on the column when they are placed 
in tension. For example, neutrally buoyant anchor lines 
may be used of interconnected sections of steel tubing 
with each section hermetically sealed and properly 
weighted to have a density substantially equivalent to that 
of the water at the depth at which a particular section 
will be positioned when the anchor line is assembled be 
tween the bottom anchor and the column. Alternatively, 
the anchor line may be a continuous metal tube sealed at 
its ends to form a buoyant chamber and having a wall 
thickness varying with depth to achieve substantially neu 
tral buoyancy throughout its length. For some installa 
tions it may be desirable to use a steel cable surrounded 
by a covering of buoyant material to form a neutrally 
buoyant anchor line, or the anchor lines may be buoyed 
at spaced intervals along their length to achieve the e?ect 
of neutral buoyancy. 

Preferably the anchor means 46 are placed in position 
on the bottom surrounding the well site prior to the time 
the column structure is put in place. The anchor mass 
has projections 48 extending from the bottom of it which 
penetrate into the earth formations at the bottom of the 
water and improve the gripping ability of the anchor. It 
will be appreciated that the anchor may be made to in 
clude a chamber which can be ?lled with a substance of 
less density than water, such as air, gasoline, or the like, 
to make the anchor buoyant so that it may be towed into 
position on the surface of the water and then sunk by 
?ooding the chamber. Finally, in this case, the chamber 
may be ?lled with sand or some other heavy material to 
give the anchor maximum weight on the bottom. Such 
an anchor construction permits recovery of the anchor 
and attached anchor line by removing the weighting ma 
terial and ?oating the anchor to the surface. 

It is desirable to attach the lower end 50 of .a respective 
anchor line to the anchor means, such‘as by an eye con 
nection 52, prior to lowering it through the water. The 
free end of the anchor line is attached to a buoy which 
will ride on the surface of the water. When all of the 
anchors and anchor lines are placed in their respective 
positions around the well site, the column structure 24 
is maneuvered into position and seated on bottom at the 
well site, and the anchor lines connected to it. The posi 
tive buoyancy of the upper portion of the column struc 
ture will hold the column vertical while the anchor line 
connections are being made. 
As best illustrated in FIGS. 2 and 3, this modi?cation 

of the invention employs six anchor lines which are dis 
tributed in equiangular relationship around the column 
structure. The upper portion of each anchor line is 
mounted on a respective pulley 54 a?ixed to the exterior 
of the top portion of the column structure and continues 
over a series of pulleys or sheaves 56 and 58 to the 
interior of the column structure, where its end 60 is 
connected to a loading means such as a counterweight 
62. The anchor lines act in pairs so that single anchor 
lines such as 64 and 66 which are disposed on opposite 
sides of the column are connected to the same counter 
weight. Thus, for the arrangement illustrated in FIGS. 
2 and 3, the six anchor lines form three pairs, each of 
which is connected to a separate counterweight. 
counterweights are free to move upwardly and down 
wardly parallel to the longitudinal axis of the column 
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and ,may be restrained to a particular vertical path by 
track means 70, as illustrated in FIG. 3. A stop means 
71 is a?ixed to the column structure immediately below 
the equilibrium position of the counterweights to support 
the load of a counterweight if one of the anchor lines 
of the pair attached to it should fail or a bottom anchor 
46 suddenly slip and cause its attached anchor line to 
go slack. In such a circumstance the stop means pre 
vents the full load of the counterweight from being placed 
on the other anchor line of the pair. 
The mass of the counterweights is selected to hold the 

anchor lines under tension and produce a resultant force 
at the pulley mounts 54 to hold the column stationary 
in place against any transverse force which normally will 
be imposed upon it by the action of the wind and the 
water. For example, a column designed for use in .500 
feet of water may have a diameter of approximately 28 
feet. To hold this column stationary against normally 
occurring transverse forces, a counterweight Weighing 
600,000 pounds may be required for each pair of anchor 
lines. Thus, with the column in an equilibrium position, 
the counterweight will apply a tensile force of approxi 
mately 300,000 pounds to each anchor line, and this 
anchoring force will be sufficient to hold the column 
relatively stationary against normal Wave action. 

In storm conditions, where 50-foot waves can be ex 
pected, the transverse or lateral forces imposed on the 
column structure may be as great as several millions of 
pounds and thus greatly exceed the several hundred 
thousand pounds which occur during normal wave con 
ditions. If the anchor lines were rigidly attached to the 
structure under these conditions, they would, unless they 
were massive enough to sustain the greatly increased 
tensile forces, either part or pull the bottom anchors 
loose, and the structure would be destroyed.‘ 
However, in .accordance with this invention the maxi 

mum tensile force which can be placed on an anchor 
line is governed primarily by the counterweight, :and 
hence the tension in the line cannot exceed the designed 
limits. If, for example, the column structure shown 
in FIG. 2 had a transverse force imposed on it which 
caused it to move to the right of the ?gure in the direc 
tion of arrow A, the tension would be increased in the 
anchor line 66 on the side of the structure opposite to 

' the direction of the movement, and this line would lift 
the counterweight from its equilibrium position. The 
counterweight would then impose a tensile force of 
600,000 pounds in this anchor line, and hence the anchor 
line would impose a constant restoring force of approxi 
mately 600,000 pounds on the top portion of the column 
structure to oppose the displacement caused by the trans 
verse force. At the same time the complementary anchor 
line 64 disposed on the side of the column in the direc 
tion of the transverse movement would have the mass 
of the counterweight removed from it and hence would 
go slack. Thus there would be no tension in this anchor 
line to add to the transverse force which caused the move 
ment of the column. 

It will be appreciated that the storm waves 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 counter 
weighted anchor lines together with the positive buoyancy 
of the upper portion of the column will move the struc 
ture back to its vertical position. The limited move 
ment of the structure is suf?cient to develop an inertia 
force which resists the greater portion of the wave force 
on the column. 

It will be apparent from the arrangement of the anchor 
lines shown in FIGS. 1 to 3 that a sufficient transverse 
movement of the column structure will place 'at least two 
single-anchor lines of different pairs under su?icient ten 
sion to lift theirconnected counterweights, and inmost 



- force. 

12,980,899 
7 

cases‘ three of the anchor lines will be restraining the 
structure with a constant restoring force. Obviously the 

' 'count'erweights are constructed and placed‘ in the column 
to permit their vertical rise and fall within the design 
limits of anticipated amplitude of movement of the 
structure. 

1In the assemblage illustrated in FIG. 1, as explained 
heretofore the buoyed anchor lines 44 extend as straight 
lines between the bottom anchors and their mounting 
on the column and normally are operating under tension. 
The column itself, although rigid enough to support the 
drilling structure mounted on its top, is susceptible to 
,some ~?exure under transverse forces. The combination 
of the column, the supported drilling structure, 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. 

,1 such transverse forces as those induced by the wind or a 
' current of water, or eccentric loading; on the drilling plat 

These comprise, in one group, 

form, which act on the structure from a single direction 
for a relatively long period of time, and in another group, 
periodic wave forces. Under normal operating condi 
tions the periodic wave forces will cause the system to 
oscillate. If the anchor lines were rigidly attached to 
the structure, as has been suggested in 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. When such systems are 
at or near resonance the phase relations are such that 
the inertia forces of the oscillating mass add to the ap 
plied wave forces so that the total periodic force on the 
anchor system can substantially exceed the applied wave 

As a result the system may fail. 
FIG. 5 is a graphical illustration of the force-displace 

ment relationship of a simple elastic system as compared 
with the force-limiting system achieved by means of the 
present invention. The relationship will be described for 
a displacement of the system in one direction from equili 
brium. 

. In the elastic anchoring system described immediately 
heretofore, in which the neutrally buoyant anchor lines 

, are attached in a ?xed connection to the column and to 
the bottom anchors, the anchor lines not as tensile springs, 

: and the force-displacement characteristic has a straight- I ' 
line relationship as indicated by the line A—C. In such 
a system, as the top portion of the column tends to be 
displaced by transverse forces imposed on it, the force 
in the anchor lines builds up proportionately. These 
transverse forces may be increased by a resonant vibra 
tion of the column-and-anchor system under periodic 
wave forces. Under these conditions the forced vibra 
tions set up in the system may produce forces on the 
anchors that are far greater than the applied wave forces. 
The line A-—B——D of FIG. 5 illustrates the force 

displacement relationship of the force-limiting system of 
the present‘invention. As has been noted heretofore, 
the anchor lines are disposed substantially as straight 
lines between the bottom anchors and the pulley system 
on the column. The loading on the ends of the anchor 
lines causes a resultant force at the pulley supports 54 
which has a component directed radially outwardly rela 
tive to the column and will hold the column relatively 
stationary under applied transverse loading below a pre 
determined amount. When this predetermined amount 
is not exceeded, the anchor lines will act as tensile 

‘springs, and transverse loading on the column will cause 
‘the anchor lines to stretch in a straight-line force-dis~ 
placement relationship as indicated by the line A—B. 
When the transverse loading on the column exceeds the 
force corresponding to point B of the graph, the anchor 
lines under the greatest tension will move in their respec 
tive pulley mounts and lift the counterweights attached 

_ to their ends. The lifted counterweights impose acorn-, 
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‘bottom anchors, not shown. 

stant load on the anchor lines, rather than a continuously 
increasing load, and hence the force-displacement rela 
tionship of the elastic system changes and assumes the 
characteristic indicated by the line B-D of the graph. 
It will be noted, therefore, that the vibration characteris 
tics of this system change abruptly when a lateral force 
above the predetermined amount is placed on the struc 
ture. When lateral vibrations start to build up ‘from 
periodic forces synchronous with the natural frequency 
of the elastic system, the vibration characteristics of the 
system change at the point B, and it is no longer in 
synchronism with the periodic forces which induced the 
vibration. Hence the amplitude of the forced vibration 
is substantially limited to that associated with a periodic 
force corresponding to the point B. Thus, by the system 
of the present invention the anchor lines and bottom 
anchors used can have a capacity less than that which 
would be required by a rigidly connected, or purely elas 
tic, anchoring system and still maintain the drilling struc 
ture at the well site without structural damage when it 
is exposed to the large wave forces produced by storm 
conditions. 
The schematic pulley system of FIG. 4 illustrates how 

the plurality of single anchor lines may be mounted on 
the upper portion of the column and connected to their 
respective counterweights. As described heretofore, the 
anchor lines 64 and 66 which are disposed on opposite 
sides of the column as indicated in FIG. 3 act together 
as one pair. The anchor line 64, after passing over the 
initial pulley 54 attached to the exterior of the column, 
‘is passed over the pulleys 56 and 58 and thence down 
wardly within the interior of the column and attached to 
the counterweight 62. The complementary anchor line 
66 of the pair likewise is initially mounted on a respective 
?xed pulley 54 and thence is passed over the pulleys 72 
and'74 to the interior of the column, where it is con 
nected to the same counterweight 62. In a like manner. 
the complementary anchor lines 76 and 78 are passed 
through respective pulley systems mounted on the col— 
umn, and each connected to a common counterweight 
80; The anchor lines 82 and 84 also are each mounted 
on a respective similar pulley system and connected to 
the common counterweight 86. The pulley systems 88, 
9t) and 92 corresponding to individual pairs of anchor 
lines are displaced in vertical position along the column 
structure‘ to provide clearance for the various pulley 
and~line systems within the structure. 
FIGS. 6, 7 and 8 illustrate another embodiment of this 

invention as applied to a column structure, and the same 
reference numerals as used heretofore will be employed to 
indicate similar components. As shown in FIGS. 6 and 
8, six anchor lines 44 are disposed in equiangular rela 
tionship around the column 24 and are connected to 

The upper portions of the 
anchor lines are mounted on respective pulleys 94, and 
the ends of the lines are attached to counterweights 96 
and 98. In this modi?cation of the invention three op~ 
positely disposed anchor lines, such as 100, 102 and 104, 
are attached to a common counterweight 96. The other 
three lines 106, 108 and 110 also are attached to a sep 
arate common counterweight 98.’ The counterweights 

' 96 and 98 are disposed on the outside of the column 
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structure and may conveniently take the form of cylinders 
which are concentric with it and with each other. 
The pulleys 94 on which the upper ends of the anchor 

lines are mounted are supported on the column so that 
they can be adjusted individually in vertical position. As 
indicated in FIG. 6, the pulley 94 is rotatably mounted 
in a bracket structure 112 which is af?xed to a base mem 
ber 114. The base member is restrained in circumferen 
tial position by track ways 116 and 118 which are ai?xed 
to the outer shell 34 of the column and disposed to per 
mit the pulley assembly to be raised or lowered. ‘The 
base ,member 114" isattached by an eye _connecti_on;120 
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‘ma cable 122 which passes over a respective sheave 124 
on the drilling platform 20 and ‘thence to a winch ‘126 
which supplies the power for adjusting the position of 
the pulley assembly. Thus the vertical location of a re 
spective pulley 94 can be adjusted to take up slack or 
relieve tension in the particular anchor line associated 
with it. This permits an adjustment of the anchoring 
system to put equal tension in all of the individual 
anchor lines when the column is in an equilibrium con 
dition. It ‘also permits the individual adjustment of the 
tension in any one line if the line goes slack because the 
"bottom anchor associated with it slips or creeps. A stop 
‘means 127 is a?ixed to the outside of the column im 
mediately below the counterweights to support the load 
of .a counterweight if a line attached to it should fail. 
The vibration characteristics of the anchoring system 

shown in this modi?cation are similar to those for the 
modi?cation explained heretofore. The anchor lines 44 
will act as if they were ?xedly connected to the column 
when the latter is exposed to transverse forces below a 
predetermined amount. Thus through this range of oper 
ation the force-displacement relationship will be due pri 
marily to the tensile stretch of the anchor lines, and vary 
as a straight line as indicated by the line A—-B of FIG. 5 
described heretofore. When the transverse forces on the 
column exceed this predetermined amount, the anchor 
lines under greatest tension will raise the counterweights 
attached to them, and thus the tension in the anchor lines 
will be limited substantially to the amount imposed by 
the loading of the counterweights. It will be observed 
from the arrangement of FIG. 8 that a movement of the 
column structure in any transverse or lateral direction 
will place at least two adjacent anchor lines under in 
creased tension, and hence the restoring force of this 
anchoring system will be effected through the action of 
‘both counterweights, assisted by the buoyancy of the 
upper portion .of the column structure. 
The modi?cation of the invention shown in FIGS. 9, 

10 and 11 employs apiston-and-cylinder arrangement as 
a loading means for the anchor lines. The column struc~ 
ture of this modi?cation is similar to that described here 
tofore and the same reference numerals will be used "to 
indicate comparable components. The anchor lines 128 
and ‘130 are mounted over pulleys 54 af?xed to the col 
umn, and the ends of them are passed over respective 
pulley systems .88, 90 and.92 in the manner described 
heretofore with reference to FIG. 4. The single anchor 
linesdisposed on oppositesides of the column structure 
.form a pair which is connected to a common loading 
means in a manner similar to that described with rela 
tion to FIGS. 2 and 3. The loading means in this modi? 
cation comprises a pneumatic cylinder 132 within which 
the piston 134 is operatively mounted. The piston rod 
136 passes through a packing gland 138 and is connected, 
.as by .an eye connection 140‘, to the complementary 
anchor lines, as 128 and 130, of a respective pair. ‘The 
cylinders are ?xed in position within the column structure 
as by brackets 142. 

In the modi?cation of the invention illustrated, six 
anchor lines are disposed around the column structure, 
and hence the oppositely disposed, interconnected anchor 
lines will ‘form three pairs, each of which is connected 
to .a corresponding similar loading means. The .pne-u< 
.matic cylinders are manifolded together, as by a conduit 
144 which is connected to an air accumulator 146 on the 
drilling platform through the conduit 148. The com 
pressor 150 supplies the accumulator and the pneumatic 
cylinders with air at a constant predetermined pressure 
which may, for example, be 1,000 pounds per square 
inch. Thus the pistons place an initial predetermined 
tension in the anchor lines, su?icient to hold the column 
structure relatively stationary under normal operating 
conditions. If the column structure is moved by a trans 
verse force, the anchor lines under greatest tension will 
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raise the pistons associated with them, and the ‘tension 
on the anchor lines will ‘thus automatically 'be limited. 

It is desirable in this modication of the invention that 
the pneumatic loading means act on the anchor lines with 
a substantially constant force in a manner similar to the 
counterweight arrangements described heretofore. This 
may be accomplished by making the cylinder 132 of large 
capacity relative to the maximum displacement of the 
piston, so that the air pressure within the cylinder will 
not build up appreciably as the piston is raised. This 
e?‘ect is aided by manifolding the cylinders together and 
connecting them to the air accumulator, since the capacity 
of these interconnected parts forms a relatively large 
reservoir to receive the air placed under increased pres 
sure by the action of the anchor lines on the respective 

pistons. The force-displacement relationship for system will therefore be similar to that illustrated in 

FIG. 5 and explained heretofore. 
It will be appreciated that the illustrated embodiments 

of the invention are merely indicative of loading means 
which can be used in the anchoring system of this in 
vention and that other loading means which produce a 
similar reaction in the anchor lines may be employed'in 
their place. 
FIG. 12 illustrates the anchoring system of this in 

vention applied to a ?oating drilling platform. This 
structure comprises a drilling platform ‘152 which is 
mounted through appropriate structural members 154 on 
pontoons 158 and 160. The pontoons are positively buoy~ 
ant and are pulled below the surface of the water and 
held there by a plurality of lines 162 which are attached 
to corresponding anchors 164 on the bottom. The pon 
toons are thus maintained in position below the water 
surface and out of the environment of the forces occur 
ring 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 art. 
The anchoring system of this invention is applied to 

such a structure in a manner similar to that explained 
heretofore for the column structure. A plurality of 
buoyed anchor lines 166 extends from corresponding 
?xed bottom anchors 168 to respective pulleys 170 which 
may be mounted on the pontoons and thence are passed 
over a .pulley system, indicated by the pulley 172, to 
counterweights 174 which are supported in a guide hous 
ing 176 a?ixed to the respective pontoons. Oppositely 
disposed anchor lines, such as 178 and 180, for example, 
are arranged to act as a pair by connecting them to a 
common counterweight 174. As explained heretofore, 
the anchoring system will contain a number of similar 
counterweight arrangements corresponding to the number 
of pairs of anchor lines. Thus in the illustrated system, 
eight laterally disposed anchor lines are grouped in four 
pairs, each of which is connected to a respective counter 
weight. 
The characteristics of the elastic system formed by the 

?oating drilling platform and the associated anchor means 
are similar to those described heretofore for the column 
structure. The counterweights 174 will place su?'icient 
tension in the anchor lines 166 to hold the structure 
relatively stable under ordinary working conditions, but 
will permit it to- move with a controlled tension in the 
anchor line when exposed to excessive transverse forces. 
The anchor lines place a restoring force of constant 
amount on the drilling platform when it is displaced from 
its equilibrium position, and the movements of the 
counterweights modify the elastic characteristics .of the 
system to make it nonresonant when forced vibration 
produces de?ections that would otherwise stress the anchor 
lines above the predetermined designed limits. 

It is apparent that many modi?cations can be made 
and equivalents substituted for the various components 
of the anchoring systems illustrated herein. Therefore, 
it is desired that the described exemplary embodiments 
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of this invention be accepted as illustrative and not limit 

. ing and that the scope of the invention be limited only 

.by the de?nitions of the appended claims. 
I claim: ' 

1. An anchoring system for a column structure posi 
- tioned vertically in a body of water and extending from 
the bottom thereof to the surface to support a drilling 
platform above the surface of the water comprising a 
column structure seated at one end at the bottom of a 
body of water and extending upwardly through said water, 
a plurality of buoyed anchor lines extending outwardly 
‘from the top portion of said column structure in sub 
stantially straight lines and in angularly spaced relation 
ship to each other and a?ixed at the lower end thereof 
to anchor means on the said bottom of the water, means 
_supporting the upper end portions of said anchor lines 
on the said upper portion of said column structure and 
permitting said upper portion of said column structure 
,to move along and relative to said anchor lines as the 
..said upper portion of said column structure moves in a 
direction transverse to the longitudinal axis of said col 
v.umn structure, and loading means operatively connected 
to the upper ends of said anchor lines with said support— 
ing means interposed between said loading means and 
said anchor means, said loading means being directly ac 
tuated by the tension in said anchor lines to maintain a 
substantially constant predetermined maximum tension 
in said anchor lines when said upper portion of said col 
umn structure moves in a transverse direction. 

.2. Means for anchoring a column structure vertically 
in a body of water with its bottom in a ?xed position at 
the bottom of the water and its top extending to the sur 
face of the water comprising anchor means at the bottom 
_of a body of water and placed in horizontally spaced 
relationship to the bottom of a column structure which 
is seated at one end at said bottom and extends vertically 
upwardly through said body of water, buoyed anchor lines 
extending in angularly spaced relationship to each other 
and in substantially straight lines from said anchor means 
to the upper portion of said column structure, means sup 
porting the upper portions of said anchor lines on said 
upper portion of said column structure and permitting 
"movement of said column structure transversely of the 
. longitudinal axis thereof along and relative to said upper 
portions of said anchor lines, loading means connected to 
vthe said upper portions of said anchor lines and disposed 
with said supporting means interposed between said load 
ing means and respective said anchor means, said load 
ing means preventing relative movement between the 

‘said upper portion of said anchor lines and the said upper 
I portion of said column structure under transverse forces 
on said column structure below a predetermined amount 
and permitting movement of said upper portion of said 
column structure along and relative to said upper por 
tions of said anchor lines under transverse forces on 
said column structure above a predetermined amount. 

3. Means for controlling the amplitude of oscillation 
of a marine structure induced by wave forces compris 
ing a structure positioned vertically in a body of water 
and extending from a seat on the bottom thereof to the ., 
surface of said body of water and subjected to periodic 
wave forces which induce said structure to oscillate, a 
plurality of neutrally buoyant anchor lines extending out 
wardly from said structure in substantially straight lines 
and in angularly spaced relationship‘ to each other and 
a?ixed at one respective end thereof to anchor means 
at the bottom of said water, pulley means mounting the 

,other ends of said anchor lines on said structure and 
permitting movement of said structure along and rela 
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tive to the said other ends of said anchor lines in a- direc 
tion transverse to the vertical axis. of said structure, :load 
ing means operatively connected to the said other ends-of 
said anchor lines with said pulley means interposed be 
tween said loading means and the respective said anchor 
means, said loading means and said anchor lines restrain 
ing said structure to a stationary position While said 
structure is subjected to wave forces below a predeter 
mined amount and permitting transverse movementnof 
said structure along and relative to said anchor lines when 
said structure is subjected to wave forces above a pre 
determined amount, said loading means maintaining a 
restoring force of a substantially constant amount between 
the said structure and some of said anchor lines when 
said structure moves transversely thereby controlling ‘the 
characteristics of vibration of the structure and anchor 
line combination. I , 

4. An anchoring system for a marine drilling structpre 
which is subject to transverse periodic forces by wave‘ 
motion comprising a support structuredisposed in a bpdy 
of water and having its lower end submerged below the 
surface of the water and its upper end extending above 
the surface of the water and supporting a drilling plat 
form, a plurality of pairs of buoyed anchor lines con 
nected to bottom anchors and extending to said support 
structure and disposed with single anchor lines of re 
spective pairs placed on opposite sides of said support 
structure, respective supporting means mounting the upper 
end portion of each of said anchor lines on said support 
structure and permitting transverse movement of said 
support structure along and in relation to said anchor 
lines, loading means operatively connected to the upper 
ends of said anchor lines andv disposed with said vsupport 
ing means interposed between said loading means and 
,the respective said bottom anchors, said loading means 
and the respective said anchor lines operatively connected 
thereto restraining said support structure to a substan 
tially stationary transverse position while said support 
structure is subjected to wave forces below a predeter 
mined amount and permitting transverse movement of 
said support structure along and in relation to said anchor 
lines when said support structure is subjected to wave 
forces above a predetermined amount, said loading means 
maintaining a restoring force of substantially constant 
amount between said support structure and some of said 
anchor lines when said support structure moves trans 
versely thereby controlling the characteristics of vibration 
of the support structure and anchor line combination? 

5. An anchoring system in accordance with claim 4 

upper end portions of said anchor lines are pulleys and 
the said loading means are counterweights, and wherein 
‘the upper ends of said single anchor lines of a respective 
pair of anchor lines are each connected to a common 
counterweight which operates independently of the 
counterweights connected to other pairs of said anchpr 
lines. 
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