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(57) ABSTRACT 
Semi-sumbersible legs are embodied as close-ended 
cylinders or other similar shapes or combination of 
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shapes having the capability to be ballasted or made 
buoyant. The semi-submersible legs are connected to 
a jack-up drilling vessel so that they slide vertically 
through the vessel deck into the underlying body of 
water and are lockable at any position along their ver 
tical path. The method of their use requires lowering 
the extendible main supporting legs of a jack-up dril 
ling vessel above the ocean floor, lowering the semi 
submersible legs into the water, making them buoyant 
So as to cause the vessel to raise out of the water to a 
distance above probable wave action at which time 
the extendible main support legs are lowered to a sup 
porting position onto or into the ocean floor. With the 
extendible supporting legs in a supporting position, the 
semi-submersible legs are retracted; if the extendible 
legs penetrate a soft bottom, the semi-submersible legs 
are first ballasted to serve as an additional jacking 
down source for the Supporting legs and then re 
tracted and deballasted. The foregoing steps are re 
versed when the drilling vessel is to be relocated with 
or without the supplemental steps of making the semi 
submersible legs additionally buoyant and or lowering 
the vessel hull to the water surface thus providing an 
extra lift force on the support legs. The vessel hull is 
jacked up on the buoyant support of the semi 
submersible legs prior to completely removing the ex 
tendible main legs from the ocean floor penetration or 
Surace Contact. 

12 Claims, 8 Drawing Figures 

  



7,872,679 PATENTED MAR 251975 

SHEET 1 OF 3 

A. A 

  





3,872,679 PATENTED MAR 251975 

SHEET 3 OF 3 
  



3,872,679 
1 

APPARATUS AND METHOD FOR REDUCING THE 
FORCES ON EXTENDBLE LEGS OF A FLOATNG 

WESSEL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to marine structures. Specifi 

cally, this invention is related to a new component of 
a mobile drilling vessel which reduces the destructive 
forces on extendible support legs during the following 
intervals: when legs are moved from a stowed position 
on the drilling vessel into a load supporting position 
into or on the ocean floor and especially during the in 
terval when the support legs are near the ocean floor 
while the vessel is subject to rough water conditions. 
The invention is also used when the supporting legs are 
removed from the bottom and put into a stowed posi 
tion. 

2. Description of Prior Art 
Offshore drilling vessels which are self-propelled or 

towed on the water surface from one location to an 
other have been used in the past. One type of such ves 
sel is supported and jacked clear of the water surface 
on extendible legs that are lowered to the water bottom 
when a site is reached. In this jacked up position the 
vessel becomes a stable drilling platform. However, the 
extendible legs have experienced much damage, in 
cluding ultimate failure in some instances, due to the 
legs ramming against and/or ripping through the under 
water bottom in even relatively calm water; that is, 
waves between 3 to 5 feet. In some offshore areas like 
the Gulf of Alaska or the North Sea, the wave heights 
are rarely below the safe limit for the transfer of drilling 
vessel weight from the vessel's buoyant support to the 
extendible leg support when moving into a location, 
and the transfer from the extendible legs to the buoyant 
support of the vessel when relocating. The only alterna 
tive to gambling on damage to the extendible legs is the 
common and costly practice of awaiting calm seas. De 
spite this basic vulnerability in a mobile jack-up drilling 
vessel, many drilling companies and oil operating com 
panies favor their use over other types of drilling ves 
sels because they offer virtually the same stable support 
features as a permanently fixed platform, yet being ca 
pable of relocation on short notice without the commit 
ment of a major capital expenditure before the extent 
of petroleum deposits are ascertained. 
The ramming and ripping forces mentioned above 

occur during the interval when the legs are being lo 
cated on or into the bottom or when the supporting col 
umns are moved off and away from the bottom in prep 
aration for moving the barge to another site; or more 
precisely, during the interval when the total weight of 
the vessel transfers from the buoyant support of the 
water to a fixed support on the water or ocean floor and 
vice versa. During any of the foregoing times the vessel 
is subjected to roll, pitch and heave and combinations 
thereof which result in accentuating vertical, lateral, 
and the combination of these motions at the bottom of 
the legs relative to the ocean floor. If the critical weight 
shift from buoyant to on-bottom support or the reverse 
is undertaken when wave heights exceed 3 to 5 feet, vi 
olent and sometimes destructive forces are developed 
from the main legs vertically impacting and ripping 
through the ocean floor, at times resulting in severe leg 
damage. 
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The present state of art now seeks to avoid leg dam 

age by postponing either siting of the vessel or relocat 
ing it during prohibitive water conditions. Such delays 
are costly to the oil operating company(s) who pay dril 
ling or standby time over these periods without accom 
plishing the drilling mission. 

SUMMARY OF THE INVENTION 

This invention is a novel way to reduce destructive 
forces on extendible main supporting legs of movable 
offshore platforms while they are moved into or re 
moved from a load transferring position; in other 
words, a way to permit soft touch landings and depar 
tures of the main support legs from the ocean floor. 
The improvement involves the lowering of adjustably 
buoyant semi-submersible legs which lift the floating 
platform out of the water after the main supporting legs 
are lowered and locked at a water depth precluding any 
possibility of bottom contact. This sequence establishes 
optimum vessel stability while the semisubmersible legs 
lift and/or support the vessel out of the water clear of 
probable wave action. Further, in this position, the 
buoyant semi-submersible legs provide a minimum mo 
tion flotation to the jack-up drilling vessel and its ex 
tended main legs, particularly during the critical inter 
val when the vessel weight shifts from the buoyant sup 
port of the vessel to the bottom engaging main legs. 
The primary reason vessel and related main leg motion 
are reduced is that wave-induced fluctuations of the 
water surface at the drilling site run up and down a rela 
tively minimal water displacing volume on the semi 
submersible buoyant support system, thus contributing 
small buoyant force changes and, therefore, small ves 
sel and main leg movements. Whereas, when running 
up and down on a massive conventional vessel hull 
floating on the surface of the water, this same wave ac 
tion produces large buoyancy changes and therefore, 
large vessel and main leg movement. 
With the main legs in a load carrying position on the 

ocean floor, the semi-submersible legs are retracted. If, 
however, the main support legs require further penetra 
tion into the ocean floor to support future maximum 
drilling hook or other loads, a convenient loading 
means for seating the legs in a final supporting position 
is available by retracting the semi-submersible legs and 
ballasting them. In this way, for example, twice the 
total weight of the rig can be exerted as a downward 
force on the support legs. 
When moving from a completed drilling operation, 

the semi-submersible legs are lowered a safe distance 
above the ocean floor, locked, and then deballasted as 
required to lift the vessel hull and the main supporting 
legs. If the main legs transfer their load to a hard bot 
tom, raising these legs presents no problem or at most 
requires a conventional water pressure vacuum breaker 
assist below the main legs. If the legs required deep 
penetration at installation and/or the soil resistance to 
removal requires more upward force to overcome than 
that developed by the maximum lift supplied by the 
semi-submersible legs and water vacuum breaking 
pressure, it may become necessary to lower the vessel 
hull onto the water surface for its potentially greater 
uplift capability. The vessel's buoyancy is used to break 
free the main legs without removing them completely 
from their holes. The hull is then jacked up out of the 
water for safe removal of the main legs from the holes 
while being supported on its semi-submersible legs. As 
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soon as the legs are high enough above the water bot 
tom to preclude contact with it, the hull is again 
floated. The semi-submersible legs are fully retracted 
and locked after which the main legs are also fully re 
tracted and locked. The rig is now ready to move to the 
next location. 
The proper use of this invention will significantly re 

duce costly weather downtime and costly repair opera 
tions resulting from unsuccessful attempts to move in 
or move out of location in wave conditions exceeding 
allowable limits. 
A few other examples of difficulties which this inven 

tion can alleviate is unequal platform jacking caused by 
jack binding, uneven water bottoms, and driving a sup 
porting column into a weaker soil strata than the other 
main supporting legs. 
The invention also makes possible a damage control 

method. For example, when a jack-up platform, though 
safely positioned with extendible legs on the ocean 
floor is struck by catastrophe, this invention can serve 
as an additional safety factor which might be moved 
into operation, such a catastrophe is exemplified by an 
accidental ramming as by a large supply vessel with suf 
ficient force to cause damage which may lead to ulti 
mate destruction of one or more main legs. When this 
occurs, the remaining main legs must support not only 
the original load, but also each main leg must resist ad 
ditional moment induced by any deformation in it. 
Total collapse of this platform and loss of human life 
could occur. In such cases the semisubmersible legs of 
this invention offer some opportunity of supplementary 
or standby support which could mean the difference 
between saving the rig and a total loss of it. 

BRIEF DESCRIPTION OF DRAWINGS 
FIG. 1 is a schematic showing an elevation of a jack 

up barge embodying the invention with the elements in 
position for towing the jack-up barge from one location 
to another, 
FIG. 2 is a schematic plan view of FIG. 1; 
FIG. 3 is a schematic elevation view showing the 

main supporting legs and semi-submersible legs par 
tially lowered and locked in position. 
FIG. 4 is a schematic elevation view showing the 

buoyant semi-submersible legs lifting the working plat 
form of the drilling vessel clear of the water and proba 
ble wave action into a motion dampening position. 
FIG. 5 is a schematic elevation view showing the sup 

porting main legs lowered in a platform supporting po 
sition before the semi-submersible legs are retracted. 
FIG. 6 is a schematic elevation view showing the Sup 

porting columns in a platform supporting position and 
the semi-submersible legs fully retracted. 
FIG. 7 is a schematic elevation showing the vessel po 

sitioned as a drilling platform with the drilling mast in 
an operating position. 
FIG. 8 is a three dimensional view illustrating in more 

detail the vessel including the energy lines for jacking 
and locking the legs in position. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT EMBODIMENT 

Referring to FIG. 1, the mobile jack-up drilling vessel 
is designated 50. The equipment used in offshore oper 
ations is mounted on the vessel deck 51 which forms 
the platform 59, FIG. 4; however, only the drilling mast 
52 in a stowed position is shown. The combined weight 
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4 
of the vessel 50 includes the weight of the platform 59, 
the extendible main supporting legs 56, the semi 
submersible legs 57, and anything else on or in the ves 
sel for whatever reason. 

Passing through the vessel hull 53 and vessel deck 5, 
as shown in FIGS. 1 and 2, are passages which in the 
preferred embodiment are vertically oriented sleeves 
55. A first set of the sleeves 55 serve as vertical guides 
for raising or lowering of the main support legs 56 and 
a second set is provided for the special semi 
submersible legs57 to serve a like function. The sleeves 
55 are hollow tubular shaped components made from 
steel or other materials and are welded or otherwise 
fastened to the vessel hull 53. The semi-submersible ad 
justably buoyant legs 57 are hollow controllably buoy 
ant water-tight components which can become suffi 
ciently buoyant to raise the vessel 50 out of the water; 
or alternatively ballasted so as to sink in the water. The 
semi-submersible legs 57 are made of steel or similar 
materials and can take the shape of a closed ended cyl 
inder with the end 66 which first enters the water ex 
panded in the shape of a large cylinder 67 concentric 
with and permanently fastened to a smaller upper cylin 
der 68 as shown in FIG. 3. The foregoing describes an 
embodiment of the semi-submersible adjustably buoy 
ant leg means. 
When the semi-submersible legs 57 and the main sup 

porting legs 56 are in an upright position as shown in 
FIG. 1, the mobile jack-up drilling vessel 50 may be 
surface towed or self-propelled from one location to 
another. When a drilling location is reached, the main 
extendible supporting legs 56, after ballasting if re 
quired, are lowered as far down as possible without 
danger of bottom contact due to hull motion as shown 
in FIG. 3, and locked in this position to provide opti 
mum vessel hull stability while being lifted and sup 
ported above the water surface by the semi 
submersible legs 57. 
The semi-submersible legs 57 are controllably low 

ered by ballasting or jacking or a combination of the 
two methods and then locked in position as shown in 
FIG. 3. The jacking and locking mechanism 58 which 
provides controlled movement through a second set of 
the sleeves 55 is of conventional design being either 
mechanical, hydraulic or pneumatic or a combination 
of these. A schematic arrangement of the control con 
sole 60, energy source 64 and lines 61 is shown in FIG. 
8. In this lowered position, shown in FIG. 4, the semi 
submersible legs 57 are made buoyant through a blow 
ing out process or other equivalent way. The buoyancy 
causes the vessel hull 53 to raise out of the water as 
shown in FIG. 4. In the new position, the vessel hull 53 
becomes a platform 59 with the semi-submersible legs 
57 as the sole support unless the partially lowered main 
legs 56 are made buoyant to assist. This new position 
results in less heave, roll and pitch to the platform 59 
than if it were floating on the water. Consequently, the 
shift from the buoyant support of the semi-submersible 
legs 57 to the main supporting legs 56 fixed on the bot 
tom or a shift from the main leg support 56 to a buoy 
ant support is accomplished safely and without main 
leg 56 damage or failure in rougher waters than was 
possible without the semi-submersible legs 57. 
The distance the vessel hull 53 is raised above the 

water surface is governed by the possible wave heights 
that are forecasted for the estimated duration of opera 
tions at the drilling location since wave impact on the 
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vessel hull 53 could cause major damage. In calm wa 
ters this distance may be only 10 feet or less. In rougher 
seas, such as the North Sea, it may be 30 feet or more 
above the water surface. In any case, the prudent oper 
ator will elevate the vessel hull 53 safely above the 
highest waves expected on the drilling location over the 
estimated period of drilling operations. 
Next, the main supporting legs 56 are unlocked from 

their partially lowered position, lowered or jacked 
down into an on-bottom position, as shown in FIG. 5, 
and locked. Subsequently, there is a trial deballasting 
of the semi-submersible legs 57 to determine whether 
or not any of the main legs 56 are on weak or easily 
compressible soil requiring further lowering those par 
ticular legs; otherwise, the semi-submersible legs 57 are 
fully retracted, locked, and ballasted as required to 
drive and/or load test the main legs 56. The jacking and 
locking mechanism 54 which provides the controlled 
movement for the main support legs 56 through a first 
set of sleeves 55 is shown in FIG. 8 where the control 
console 63, energy source 64 and lines 65 are illus 
trated. 
With the supporting legs 56 in a platform supporting 

position, the vessel 50 is jacked up on the main sup 
porting legs 56 to a safe height above the maximum ex 
pected wave crests; after support leg loadings are 
equalized they are locked into position by conventional 
mechanically, hydraulically or pneumatically actuated 
means 54 schematically shown in FIG.8 where the con 
trol console 63, energy source 64 and lines 65 are 
shown. This jacking procedure not only guarantees that 
the deck 5 is located at the desired elevation but also 
serves as a test to guarantee that the main support legs 
56 are able to support the maximum load incurred in 
the drilling operations. The retracted semi-submersible 
legs 57 are then deballasted. With the semi-submersible 
legs 57 retracted, FIG. 6, they do not transmit lateral 
loads to the main supporting legs 56 from possible im 
pact by waves lower than the maximum height ex 
pected. The drilling mast 52 is then moved in a working 
position as shown in FIG. 7. 
The vessel hull 53, through properly coordinated ma 

nipulation of the jacks and the locking gear 58 and the 
semi-submersible legs57, is movable up or down on the 
main supporting legs 56. 

In case of an emergency, when one or more main 
supporting legs 56 become incapable of supporting the 
designated load, the adjacent or appropriate semi 
submersible legs 57 are lowered or jacked down and 
made to apply their buoyancy in order to relieve the 
force or load which the main supporting leg 56 would 
otherwise have to transfer. After necessary repairs are 
made, if these are such as can be effected on location, 
the semi-submersible legs 57 are retracted and drilling 
operations are again conducted. 
When the vessel 50 is to be relocated, the semi 

submersible legs 57 are lowered a safe distance above 
the water bottom, locked, and then deballasted as re 
quired to lift the vessel hull 53 and the main supporting 
legs 56 similar to FIG. 5. If the main legs 56 transfer 
their load to a hard bottom, raising these legs 56 pres 
ents little difficulty. In the case, however, where the 
legs 56 required deep penetration at installation and/or 
the soil comprising the underwater bottom offers more 
resistance to removal than the uplift supplied by the 
semi-submersible legs 57 and conventional methods of 
removal like water vacuum breaking pressure (not ill 
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6 
lustrated), the vessel hull 53 is lowered onto the water 
surface to provide greater uplift capability. The forego 
ing steps are used to provide just that amount of uplift 
force necessary to break free the main legs 56 without 
removing them from their holes 69. The vessel hull 53 
is then jacked up out of the water for removal of the 
main legs 56 from the holes 69 while being supported 
on its semi-submersible legs 57. As soon as the legs 56 
are high enough above the water bottom to avoid 
contact with it, the legs 56 are locked, FIG.4, and the 
vessel hull 53 is again floated, FIG. 3. The semi 
submersible legs 57 are fully retracted and locked after 
which the main legs 56 are also fully retracted and 
locked, FIG. 1. The vessel 50 is now ready to be relo 
cated. 
The foregoing description and drawings of a pre 

ferred embodiment will suggest other embodiments 
and variations within the scope of the claims to those 
skilled in the art, all of which are intended to be in 
cluded in the spirit of the invention as herein set forth. 

claim: 
1. In a vessel adapted to float on a body of water 

comprising: a platform, a plurality of passages through 
said platform; a plurality of main supporting legs opera 
tively and adjustably connected to said platform; means 
permitting said main legs to have controlled movement 
through a first set of said passages, semi-submersible 
leg means operatively and adjustably connected to said 
platform for providing sufficient buoyancy to raise and 
support the combined weight of said vessel above the 
surface of said water while said main legs are moved 
into a supporting position in contact with the underwa 
ter bottom for said platform. 

2. The vessel of claim 1 including a jacking means for 
raising and lowering said platform on said supporting 
main legs in conjunction with the buoyant force of said 
semi-submersible legs when said main legs are in a plat 
form supporting position. 

3. The vessel of claim wherein said semi 
submersible means are adjustably buoyant legs. 

4. The vessel of claim 1 wherein said semi 
submersible leg means consists of four semi 
submersible legs operatively and adjustably connected 
to said platform; a means permitting said semi 
submersible legs to have controlled movement through 
a second set of said passages; said semi-submersible 
legs providing sufficient buoyancy to raise and support 
the combined weight of said vessel above the surface of 
said water while said main legs are moved into a sup 
porting position. 

5. The vessel of claim 3 wherein said means for low 
ering and raising said semi-submersible legs is con 
trolled ballasting in conjunction with a jack in order to 
decrease and increase the buoyancy of said legs. 

6. A method of reducing destructive forces on a set 
of supporting main legs of a vessel floating on a body 
of water while said main legs are lowered into a posi 
tion in contact with the underwater bottom comprising 
the steps of: lowering into said water a set of supporting 
main legs to a position above said underwater bottom 
so as to avoid contact with said underwater bottom, ex 
tending a semi-submersible controllably buoyant 
means operatively and adjustably connected to said 
vessel into said body of water; increasing the buoyancy 
of said means to raise said vessel to a predetermined 
height; positioning said main legs into a platform sup 
porting position in contact with said underwater bot 
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tom; and retracting said semi-submersible controllably 
buoyant means to said vessel. 

7. The method of claim 5 including ballasting said 
main legs before said main legs are lowered; and mak 
ing said main legs buoyant after said main legs are low 
ered. 

8. A method of reducing destructive forces on a set 
of main supporting legs of a vessel floating on a body 
of water while said main legs are lowered into a posi 
tion in contact with the underwater bottom comprising 
the steps of: lowering into said water a set of supporting 
main legs to a position above said underwater bottom; 
extending a semi-submersible controllably buoyant 
means operatively and adjustably connected to said 
vessel into said body of water; increasing the buoyancy 
of said means to raise said vessel to a predetermined 
height; positioning said main legs into a platform sup 
porting position in contact with said underwater bot 
tom; ballasting said semi-submersible means so as to 
add additional jacking force to said main legs and serve 
as a load test on said main legs; retracting said semi 
submersible means; and deballasting said semi 
submersible means. 

9. The method of claim 7 including ballasting said 
main legs before said main legs are lowered; and mak 
ing said main legs buoyant after said main legs are low 
ered. 

10. A method of reducing destructive forces on a set 
of supporting main legs of a jacked up vessel located 
over a body of water while said main legs are raised into 
a stowed position comprising the steps of extending a 
semi-submersible controllably buoyant means opera 
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8 
tively and adjustably connected to said vessel into an 
underlying body of water, increasing the buoyancy of 
said means to support said vessel at a predetermined 
height; raising from said water bottom a set of support 
ing main legs to a predetermined height above said bot 
tom; lowering said vessel to said water surface; retract 
ing said semi-submersible means to said vessel; and re 
tracting said main legs into a stowed position on said 
vessel. 

11. The method of claim 9 including the additional 
step of further increasing the buoyancy of said semi 
submersible controllably buoyant means to provide a 
lifting force on said main legs. 

12. A method of reducing destructive forces on a set 
of supporting main legs of a jacked up vessel located 
over a body of water, wherein said main legs are em 
bedded in the underwater bottom, while said main legs 
are raised into a stowed position from said underwater 
bottom comprising the steps of extending a semi 
submersible controllably buoyant means operatively 
and adjustably connected to said vessel into an underly 
ing body of water; lowering said vessel to said water 
surface to provide a buoyant force; increasing the 
buoyancy of said means to aid in loosening said main 
legs; loosening said main legs; raising said vessel to a 
predetermined height above said water surface on said 
means; raising said main legs to a predetermined height 
above said underwater bottom; lowering said vessel to 
the water surface; retracting said semi-submersible 
means to said vessel; and retracting said main legs into 
a stowed position on said vessel. 
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