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(57) ABSTRACT 
MinimiZed Wave-Zone Buoyancy is a neW approach to oil 
and gas platform design With superior construction and 
performance characteristics compared to state-of-art off 
shore drilling and production platforms. MinimiZed Wave 
Zone Buoyancy platforms capitalize on loW cross sectional 
area of the portion of the platform exposed to Waves. The 
loW cross sectional area reduces buoyancy forces that result 
from vertical platform movement, enabling the platform to 
oscillate at a 10W natural frequency. The loW cross sectional 
area also minimizes the cyclical vertical forces induced by 
Waves. Compare to current designs, application of the Mini 
miZed Wave-Zone Buoyancy concept Will result in a loWer 
natural frequency of oscillation, loWer overall Weight of 
platform, or both. MinimiZed Wave-Zone Buoyancy offers 
an attractive alternative With improved platform stability, 
fatigue considerations, loWer construction and installation 
costs, and shorter implementation schedule. 
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MINIMIZED WAVE-ZONE BUOYANCY 
PLATFORM 

[0001] MinimiZed Wave-Zone Buoyancy (hereinafter 
MWB) offers a neW approach to platform design that has 
superior construction and performance characteristics com 
pared to current state-of-art off-shore oil and gas drilling and 
production platforms. With physics governed by spring 
mass type motion and dynamics explained by differential 
equation, MWB shoWs the Way to steady platforms for 
improved drilling operations, With reduced vertical motion 
to enhance fatigue consideration for attached production 
components. MWB platforms can be constructed at loWer 
costs compared to similar off-shore structures in used or 
being designed today. 

OBJECTIVES AND ADVANTAGES OF 
INVENTION 

[0002] The folloWing is claimed as objectives and advan 
tages of the current invention: to improve ?oating platform 
performance, to reduce frequency of vertical oscillation, to 
loWer amplitude of vertical oscillations, to minimized Wave 
induced vertical forces on platform, to provide steady plat 
form for drilling operations, to improve fatigue lives, to 
loWer materials costs, to reduce construction costs, and to 
permit accelerated schedules for implementing neW plat 
forms. 

DISCUSSION OF CURRENT DEEP-WATER 
FLOATING DESIGN 

[0003] As oil and gas operations eXtend farther and farther 
out into deeper ocean areas, neW technology has facilitated 
the petroleum industry’s ability to manage production in 
more dif?cult environments. Recent installation of a deep 
draught platform represents the latest mega-structure to 
advance production frontiers in Waters thousands of feet 
deep. The structure ?oats in deep Waters and relies on its 
mass and deep draught for stability and for a loW natural 
frequency of vertical oscillation. 

[0004] The draWbacks of the current technology stem 
from high platform Wave-Zone buoyancy that leads to high 
forces on the structure from Waves and sWells. The negative 
consequences of not minimiZing Wave-Zone buoyancy 
include: excessive ancillary structures, higher associated 
costs for materials, construction, and installation, eXtended 
schedule for construction and installation thus delaying start 
of oil and gas production, inferior performance such as less 
stable platforms and reduced portability, and shorter fatigue 
lives for component attached to the platforms. 

PHYSICS OF DYNAMICS OF MOTION 

[0005] Dynamics of motion is governed by a commonly 
knoWn differential equation 

[0006] Which basically represents a balance of forces. In 
essence the sum of mass times acceleration, friction forces 
related to velocity, and distance-proportional reactive forces 
must be equal to the forcing function. Engineers can model 
complicated structures by developing mass and stiffness 
matrices and solve for numerical solutions. In the case of 
earthquake analysis, such as for an above-ground petroleum 
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pipeline like the one in Alaska, the forcing function could be 
a seismic event’s ground-motion that drives the structure’s 
dynamic response over time. 

[0007] As a ?oating production platform behaves like a 
rigid body bobbing in Water, the dynamic equation of motion 
degenerates to the most basic one degree of freedom spring 
mass type system Where the natural frequency of oscillation, 
u), for the solution to the stated differential equation is 
de?ned by the folloWing equation 

[0008] For a ?oating object, the distance proportional K is 
the incremental buoyancy force for one unit of vertical 
displacement, Which is the product of Water displacement 
change times the density of Water for that unit of vertical 
movement. Combining this attribute of K With the fact that 
mass is equal to Weight divided by gravity Would yield 

K/M=AG/DV 

[0009] Where Ais the Water displacing cross sectional area 
at the Wave Zone, G is gravity, and DV is the Water 
displacement volume of the platform. Therefore, a ?oating 
platform With uniform cross sectional area Will have an (n 
that is proportional to the commonly knoWn formula of 
(gravity/delta static 1/2, and in this case, delta static is the 
static draught of the ?oating platform. Without knoWing 
anything else eXcept for draught, a vessel With a uniform 
cross section that sinks 700 feet should have an (n of about 
2 cycles per minute. 

[0010] It Would be obvious at this time to those knoWl 
edgeable of the art that a reduction of the distance-propor 
tional K in the 00 solution Would produce a desired and, not 
surprisingly, dramatic result. In other Words, reducing the 
cross sectional area Aof the part of the platform that may be 
eXposed to Waves Would enhance platform performance. 

[0011] For bene?t of readers not familiar With dynamics or 
differential equations, the implication of the 00 solution can 
be visualiZed by the difference in bounce betWeen a fully 
loaded truck and the same truck Without the load. It Would 
be obvious to a casual observer that the truck With a full load 
Will bounce up and doWn at a sloWer frequency than the 
same truck empty. In both cases the truck has same suspen 
sion spring constant K, but the fully loaded version has more 
Weight and thus a larger mass M. Therefore, the u) equation 
With the larger M in the denominator produces a loWer 
frequency and supports our intuition that loaded trucks 
bounce sloWer than empty trucks. 

[0012] In short, the frequency of platform vertical oscil 
lation can be controlled by adjusting the platform’s K/M 
ratio. A loW frequency can be designed by reducing K, 
increasing M, or a combination of both, and reducing K 
means a smaller cross sectional area A in the Wave Zone of 

a platform, or for that matter any ?oating object, PS0 for 
eXample, that may be under consideration. 

DESCRIPTION OF DRAWINGS 

[0013] FIG. 1 shoWs a MinimiZed Wave-Zone Buoyancy 
platform. 
[0014] FIG. 2 shoWs a MinimiZed Wave-Zone Buoyancy 
platform held to the ocean ?oor by tension cables or chains. 

DISCUSSION OF THE PRESENT INVENTION 

[0015] The present invention bene?ts from reducing the 
buoyancy force change that results from a vertical displace 
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ment of a ?oating platform, in essence to loWer the K in the 
differential and u) equations so as to reduce the platform’s 
natural frequency of oscillation beyond the frequency range 
of ocean Waves and to increase the frequency separation 
betWeen platform resonance and ocean-Wave frequencies. 
The platform Would therefore operate in the tail end of the 
ocean Waves’ response spectra. 

[0016] FIG. 1 shoWs an example of MWB platform ?oat 
ing at Water level 10. An offshore platform provides space to 
house facilities and equipment required for drilling and 
production activities, and the platform has a superstructure 
20 Which provides space for such equipment and facilities. 
Superstructure 20 also provides buoyancy to keep the plat 
form a?oat in the event that Water rises to the level of the 
superstructure. 

[0017] An MWB structure 30 supports superstructure 20 
and connects to substructure 40, 50, and 60. The height of 
the MWB structure 30 is designed so that the Waves 
expected to impact the platform Will strike the platform at 
the MWB structure 30. It is solely for convenience that FIG. 
1 displays only one MWB structural unit With a holloW 
center for drill pipe access. The MWB structure 30 could 
comprise multiple columns or could be made as a braced 
truss, and the possibilities for MWB structure are limited 
only by designer imagination. 
[0018] Since the objective is to minimize Wave-Zone 
buoyancy, the cross section of MWB structure 30 should 
consist mostly of steel, or other structural materials; the 
MWB structure’s cross section should have very little air 
space, if any, to ensure a minimiZed buoyancy force change 
K in the equations previously stated. The shape and design 
of the MWB structure 30 do not matter and Would not affect 
the overall dynamic performance of the platform as long as 
the Water displaced by the MWB structure 20 is kept to a 
minimum. The primary function of the MWB structure 30 is 
not to provide buoyancy for the superstructure 20, but to 
transmit the Weight of the superstructure 20 to the substruc 
ture 40, 50, and 60. 

[0019] Substructure 40, 50, and 60 provides buoyancy for 
the platform. FIG. 1 shoWs an example With a ?oat 40 and 
a ballast 50. The Float 40 has substantial Width in compari 
son to height to enhance exponential damping from the C 
component of the stated differential equation. The Width also 
serves the purpose of elevating the center of lift of the 
substructure. The Ballast 50 extends doWnWards and is 
Weighted at the bottom With rocks, concrete, lead, or other 
dense material to ensure the center of gravity of the entire 
platform is suf?ciently beloW the center of lift for overall 
stability. As shoWn in the example MWB platform, both 
?oat 40 and ballast 50 are cylindrical in shape; conical 
sections 60 With positive Gaussian curvature are included to 
enhance outer shell strength for the substructure. 

[0020] It should be obvious to those knoWledgeable of the 
art that substructure possibilities are vast as is the case 
previously made for the MWB structure. The principles of 
center of gravity and center of lift/buoyancy are Well knoWn, 
and it is not the purpose of this patent to elaborate on the 
design of structures that may be suitable for subsurface 
?oatation. This patent advances the concept of minimiZing 
Water displacement in the Wave Zone and the bene?ts from 
reducing incremental buoyancy forces due to Waves, sWells, 
and vertical platform movement. 
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[0021] As MWB structure 30 provides limited additional 
buoyancy capacity and to ensure platform stability With 
variable superstructure live loads, live load stabiliZer 70 
increases Water displacement at Water level 10. When the 
platform ?oats right at the Water level, the natural frequency 
of oscillation is higher and corresponds to that of platforms 
With larger Wave-Zone cross sectional area. HoWever, as the 
MWB platform moves slightly up or doWn beyond the 
height of the stabiliZer 70, the bene?t of small cross sec 
tional area kicks in. Mathematically, the K in the differential 
equation in this case is no longer a constant; it varies With 
vertical distance. 

[0022] For live loads With mass changes beyond the 
displacement capacity of live load stabiliZer 70, an active 
platform Weight management system could pump Water in or 
out of ballast 50 to accommodate large changes. While this 
patent does not teach sensor usage for active ballast adjust 
ment, live load stabiliZer stoppers 80 Would restrain large 
movement resulting from large live-load changes, to ensure 
that a Weight management system Would be activated to 
return live load stabiliZer 70 to Water level 10. 

[0023] Live load stabiliZer 70 and live load stabiliZer 
stoppers 80 could be made in any shape, siZe, or material. 
Their sole purpose is to displace Water. FIG. 1 shoWs them 
as plates, and they can be added or removed to meet 
operating requirements. For example, if constant large live 
load changes are expected, the displacement of live load 
stabiliZer 70 could be increased. On the other hand, antici 
pation of a storm may cause all stabiliZers and stoppers to be 
lifted out of the Water. 

[0024] In the foregoing discussion of stabiliZers 70 and 80, 
the stabiliZers are attached to the MWB structure 30. 
Another stabiliZer example is a ?oat attached to the MWB 
platform With loose chains or cables. Loose connections 
permit the MWB platform to behave in accordance With the 
differential equation until the platform has moved far 
enough to take up the chain or cable slack before engaging 
the ?oating stabiliZer. 

[0025] While discussion of this invention has focused on 
a free ?oating platform, the MWB concept applies to tension 
leg environment also. Again, it is not the intention of this 
patent to dWell on ?oatation designs, and It should be clear 
to those knoWledgeable of the art What platform adaptations 
may be required for a tension platform. 

[0026] FIG. 2 shoWs an MWB tension cable platform With 
?oating stabiliZers 110 attached by slack cables 120 to the 
platform. As discussed above, the ?oat stabiliZers 110 have 
no effect on dynamic movement until the platform has 
oscillated or moved far enough to take up the slack in the 
slack cables 120. Arrangement and design of stabiliZers 110 
are again limited only by designer imagination. For 
example, a big donut ?oating stabiliZer could replace all 
?oating stabiliZers shoWn. A limited-free-movement means 
could permit the donut to slide freely up and doWn the MWB 
structure but Would prevent the donut from moving beyond 
certain heights, for example, by obstructions Welded on the 
MWB structure to limit movement. Therefore, the donut 
?oating stabiliZer Would not provide buoyancy lift until the 
platform has sunk to a predetermine depth and Would 
become a doWnWard force When it is lifted out of the Water 
by the rising platform. It Would be obvious that slack cables 
120 and the sliding donut are just speci?c forms of limited 
free-movement means. 
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[0027] LoW stiffness cables 130 hold the platform to the 
bottom of the ocean. Related to the foregoing differential 
equation, the K for the MWB tension cable platform is the 
combination of the K from the cross section of the Mini 
miZed Wave Zone structure and the spring constant of the 
loW stiffness cables 130. FIG. 2 shoWs high stiffness slack 
cables 140 With a slack to illustrate that the high stiffness 
slack cables 140 Would not engage to inhibit platform 
upWard movement until the platform has oscillated or rose 
far enough to take up the slack in the high stiffness slack 
cables 140. 

[0028] Spring constant of the loW stiffness cables can be 
easily determined, and actual springs may be added to 
provide additional ?exibility. Also, the loW stiffness cables 
130 control natural frequency over a range of small dis 
placements, and the high stiffness slack cables 140 provide 
the strong resistance force to restrain large vertical platform 
movement. LoW stiffness cables 130 and high stiffness slack 
cables 140 together produce the effect of limited-free 
movement means as in the previous discussion for ?oating 
stabiliZers. 

[0029] Compared to traditional tension leg platforms With 
high Wave-Zone cross sectional area and With all cables/ 
chains having high stiffness and no slack, an MWB tension 
platform With minimiZed Wave-Zone cross section and loW 
stiffness cables anchored to the ocean ?oor has a loWer 
combined K and Will therefore resonate at a loWer natural 
frequency of oscillation. The loWer frequency means feWer 
fatigue cycles and thus a longer eXpected life for the 
platform’s attached components for production. 

[0030] It should be noted that in the limiting case, the K 
of the loW stiffness cables may be reduced to Zero. In other 
Words the loW stiffness cables could be eliminated for 
vertical dynamic consideration, and only the high stiffness 
cables remain to limit large vertical uplift. Again, it is not the 
intent of this patent to discuss ballast management to ensure 
platform buoyancy at the desired elevation as it Would be 
obvious to those knoWledgeable of the art. Also, horiZontal 
restraints have been purposely ignored in the discussion of 
vertical dynamic response. 

[0031] For bene?t of readers not accustomed to dynamics 
and rigors of mathematics, it may be easier to consider the 
cyclic buoyancy forces induced by Waves or sWells on a 
traditional tension leg platform. The same Waves or sWells 
Will produce loWer cyclic buoyancy forces on an MWB 
platform due to the minimiZed Wave-Zone cross sectional 
area. So even if the frequency effects are ignored, it Would 
still be obvious that MWB designs Will have loWer induced 
cyclic forces and thus longer fatigue lives. 

CONCLUDING TECHNICAL REMARKS AND 
COST CONSIDERATIONS 

[0032] The loW Wave-Zone cross sectional area permits 
less massive structure compared to current platform designs 
While maintaining or improving the K/M ratio. Less mass 
translates to a loWer requirement for steel, meaning loWer 
cost and shorter time for construction. As the ?oating 
platform does not depend on deep draught for stability and 
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for a long period of oscillation, the shalloWer draught of 
MWB platforms permits construction and assembly in a less 
hostile environment. For eXample, Without ballast Weight 
and With MWB tied doWn and ?oating high on the substruc 
ture, the entire platform including superstructure facilities 
could be constructed in a sheltered and controlled location. 
Of course, ballast Weights Would be added before deploy 
ment. 

[0033] Naturally, the favorable characteristics mean that 
MWB platforms can be constructed at loWer costs and faster 
schedules, shortening time of development and accelerating 
schedules When deep sea oil and gas ?elds can be brought on 
line. 

SUMMARY OF INVENTION 

[0034] MWB capitaliZes on loW platform cross sections at 
the Wave Zone. With main purpose of transmitting super 
structure Weight including those of facilities and equipment 
to the substructure Which provides buoyancy and stability, 
loW cross sectional area of the MWB structure enables loW 
platform natural frequency of oscillation and minimiZes 
cyclical vertical forces from Waves. Compared to current 
designs, MWB offers an attractive alternative With improved 
platform stability, fatigue considerations, loWer construction 
and installation costs, and shorter implementation schedule. 

I claim: 
1. A ?oating platform comprising: 

a superstructure; a minimiZed Wave-Zone buoyancy struc 

ture; and a substructure; 

With said minimiZed Wave-Zone buoyancy structure hav 
ing a loW cross sectional area; 

With said substructure effective in providing buoyancy 
and stability; and 

With the minimiZed Wave-Zone buoyancy structure effec 
tive in transmitting said superstructure’s Weight to the 
substructure. 

2. A ?oating platform according to claim 1, further 
comprising one or more stabiliZers, With said stabiliZer or 
stabiliZers attached to said minimiZed Wave-Zone buoyancy 
structure from claim 1 and effective in providing buoyancy 
lift. 

3. A ?oating platform according to claim 1, further 
comprising: 

one or more stabiliZers; and limited-free-movement 

means; 

With said stabiliZer or stabiliZers effective in providing 
buoyancy lift; and 

With the stabiliZer or stabiliZers attached to said ?oating 
platform from claim 1 by said limited-free-movement 
means. 

4. A ?oating platform according to claim 1, further 
comprising limited-free-movement means, With said ?oat 
ing platform from claim 1 anchored to ocean bottom by said 
limited-free-movement means. 

* * * * * 


