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5 . This invention relates to a tender vessel having a working
platform supported on columns extending upwardly from a pair
of hulls thét may be ballasted to submerge the hulls and, more
particularly, to such a vessel having a forward-mounted high
capacity crane mounted on a partial forward deck and/or a
10 support structure extending downwardly to one of the columns.

Backaground Information
The present day demand on the offshore oil and gas. industry
for greater safety and efficiency is the strongest in the

15 history'of the industry. This demand makes it necessary for

| equipment to be sufficiently versatile to be economically and
operatiocnally efficient without compromising safety to
personnel, equipment, or the well. Drilling of the well is the
primary function in obtaining oil and gas. Subsequent well

20 workover or servicing is necessary to realize the maximum

| product output potential of the well. The workover or
serviéing is normally done continually at regular intervals,
such as annually or biannually, over many years. Some wells
have been known to produce over a forty-year period.

25 Offshore industry requireMents have led to the development
and construction of various special purpose marine structures
capable of continuous operation in the offshore environment for
extended periods of time. For example, one such structure that
is commonly employed is a fixed, selﬁ-contained driliing and

30 production platform erected on piles driven into the sea floor.

A drilling workover or service rig, auxiliary equipment, and

crew guarters are mounted on the platform. A commonly used
variation of this type of structure is a smaller platform
similarly erected on piles and having a drilling, workover. oY

35 servicing rig located thereon. The auxi:iary oeguipmenu
crew quarters are located on a saparatn

alongside.
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Conventlonal tender vessels take the form of barges on which
5 are mounted heavy duty derricks or cranes. The cranes are used
to lift, transfer, and set into place the parts forming the
rigs. A tender barge typically has space on board to transport
the rig parts, and the barge-mounted crane is used to lift and
set the rig parts onto the platform.

10 Conventional tender barges employed for erecting,
dismantling, and servicing oil and gas drilling and production
platforms are single hull surface floating vessels that are
either towed or self propelled to and anchored at the platform
site. ' This type of tender vessel has the major disadvantage

15 of being highly restricted in terms of the sea conditions in
which it can be used for rig erecting and dismantling and
servicing operations. In-sea states with even moderately high
wave heights, the tender vessels have a high level of motion
in heave, pitch, and roll and a tendency toward abrupt

20 correcting motions' when the vessel is subjected to roll or

| pitch excitations. For example, surface floating tender barges
currently employed for offshore operations generally are
restricted to operation in sea states having wave heights of
no more than five to six feet. The wave action against the

25 vessel caused by sea states having wave heights in excess of
these 1limits normally causes vessel motion at a level
sufficiently high to create a risk of structural or wire
failures in the vessel’s crane. This risk precludes crane
operations. Thus, operations utilizing conventional barges are

30 normally halted when high sea state conditions are encountered
and are resumed only when the sea state subsides to within the
limits.

The above-discussed shortcomings of conventional tender

barges have been recognized in the industry for a2 number
35 years. There have Dbeen proposals for overcoming
shortcomings by providing a semisubmersihle

working platform supported on <ulamns
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disclosed barge is also the subject of U.S. Patent No.
4,165,702, granted August 28, 1979, to the same inventors.
Other proposals for semisubmersible vessels are found. in U.S.
Patents No. 3,894,503, granted July 15, 1975, to A. C. McClure;

10 No. 4,207,828, granted June 17, 1980, to A. Horowitz et al; No.
4,231,313, granted November 4, 1980, to P. S. Heerema et al.;
No. 4,232,625, granted November 11, 1980, to Y. Goren et al.;
and No. 4,281,615 and No. 4,471,708, granted August 4, 1981,
and September 18, 1984, respectivély, to J. H. Wilson et al.

15 Each of these patents discloses a tender barge, except the
Goren et al. patent, which discloses a semisubmerged drilling
vessel. Also of interest is U.S. Patent No. 3,685,305, granted
August 22, 1972, to S. H. Lloyd III, which discloses a pipeline
laying barge.

20

Summary of the Invention

The present invention is directed toward a semisubmersible

floating vessel having optimized operating characteristics.

The vessel is of a type having a pair of substantially

25 parallel, laterally spaced buoyant hulls with ballast chambers
to permit the hulls to be moved between a submerged condition

and a surface floating condition. A row of columns is
supported by and extends upwardly from each of the hglls. A
working platform is supported by the upper ends of the columns.

30 According to an aspect of the invention, the vessel
comprises a crane mounted on the working platform adjacent to

an end on the platform. The crane has sufficient capacity to

lift loads off said end of the platform and at least one side

of the platform and from a portion of the pilatform exuznding
35 from said end of the platform to at least apout halfiway .. ab
opposite end of the platform. nomuppo

crane is provided. The struorioye swy sy s



servicing rig located thereon. The auxiliary equipment and crew quarters
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REPLACEMENT VESTes | - Hmﬁmmﬁﬂm "
Mobil e tender .vessels are required to erect a rig in the

crane and through the platform to and down into one of the

columns. The structure interfaces with sidewall portions of
this column to transmit forces created by operation of the
crane to the column.

5 The structural design of the working platform and the crane
support structure may be varied considerably. Preferably, the
platform includes a first deck adjacent to the upper ends of
the columns, and a second deck spaced above the first deck.
The crane support structure includes a plurality of bulkheads

10 extending vertically between the decks and having portions
extending vertically down into the column. The downwardly
extending bulkhead portions interface with the column to
transmit crane operational forces to-the column. .Preferably,
the bulkheads have edge portions that are secured to inner

15 surface portions of the column. In the preferred embodiment,
the working platform also includes a forward deck positioned
above a forward portion of the second deck. The crane 1is
mounted on the forward deck. The support structure includes
a crane column support extending downwardly from the crane

20 through the forward deck to the bulkheads.

The vessel may also be provided with one or more auxiliary
cranes. In the preferred embodiment, the main crane described
above is mounted on a forward corner portion of the platform,
and an auxiliary crane is mounted on the second deck rearwardly

25 of and laterally opposite the main crane. Another preferred

" feature of the vessel is providing a working platform that

forms a buoyant body to provide the vessel with reserve
buoyancy. '

According to another aspect of the invention, the vessel

30 comprises a main deck portion and a forward deck portion. The
main deck portion is supported by and extends over each of the
columns and has a forward end. The forward deck portion is
positioned above a forward portion of the main deck portion and
has a forward end substantially aligned with the forward ena

35 of the main deck portion. The rearward axtent o7 o JOvWaYo
deck portion is sufficiently short to lsave an L =auar

half of the main deck portion uncoveras
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and 5 to a location about halfway from the forward end of the main
deck portion to an opposite end of the main deck portion. A
support structure for the crane extends downwardly from the
crane, through ﬁhe forward deck portion at least..to the main
deck portion. Preferably, the main deck portion includes first

10 and second decks, and the support structure includes a
plurality of bulkheads and a crane column support, as described
above.

According to still another aspéct of the invention, the
vessel comprises a main deck pdrtion, a forward deck portion,

15 and a crane, as described in the last paragraph. The vessel
further comprises a personnel bridge having a first end
pivotably mounted on the forward deck portion, and a second
free end. The columns are dimensioned, and the forward deck
portion has a height relative to the columns, to permit the

20 forward deck portion to be substantially vertically aligned
with a fixed-position work platform being serviced by the
vessel when the hulls are in a submerged condition. This, in
turn, permits the bridge to be pivoted to move the free end
onto the work platform.

25 . The Dbasic structure of the vessel of the invention,
including its buoyant and .submersible . hulls and column
supported working platform, solves the problem discussed above
of the severe restrictions on use conditions of conventional
surface floating tender barges. Vessels constructed acéording

30 to the invention have minimized vessel motion due to excitation
forces caused by wave action in a wide range of sea states.
Operation of the vessel’s crane may be safely continued in all

but the most severe sea conditions. Thus, tender operations

may be carried out reliably and quickly with litule, 1if any,
35 down time. The elimination of down time makes shie vessos.
highly cost effective as well as realiabls

preferred deck configuratior o ke
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access for personnel between the tender and the fixed work

platform.

These and other advantages and features will become
10 apparent from the detailed description of the best mode for
carrying out the invention that follows.

Brief Description of the Drawings

In the drawings, like element designations refer to like
15 parts throughout, and: ‘

Fig. 1 is a pictorial view of the preferred embodiment of
the invention shown floating in a semisubmerged condition,
looking down at the starboard side and aft end'of the vessel.

Fig. 2 is an elevational view of the vessel shown in Fig.

20 1 looking toward the starboard side.

Fig. 3 is an elevational view of the forward portion of the
starboard side of the vessel shown in Figs. 1 and 2 and an
adjacent fixed-position work platform.

Fig. 4 is a simplified elevational view of the vessel bow

25 portion-and work platform shown in Fig. 3 and illustrates the
placing of the mast of a derrick equipment set on the fixed
work platform by use of the vessel’s main crane.

Fig. 5 1is e pictorial view of the preferred embodiment
looking down at the port side and aft end of the vessel.

30 Fig. 6 is an elevational view of the forward portion of thsa
port side of the vessel shown in Figs. 1-5.

Fig. 7A is a partially exploded pictorial view of the
preferred embodiment of the support structure for the mai:
crane.

35 Fig. 7B is an elevational view of the structur: shown

Fig. 7A looking outboard toward the nov: =zide of —he sooasd
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sem submer si bl e vessel having a working platform supported on
Fig. 7C is an elevational view of the structure shown in

extendi ng upwardly from

Figs. 7A and 7B looking forward toward the bow of the vessel.

Fig. 7D is a schematic plan view illustrating the structure
shown in Figs. 7A-7C.

5 Fig. 7E 1is a schematic plan view illustrating the
relationship between the craﬁe column support and bulkheads
shown in Figs. 7A-7D.

Fig. 8 is a plan view of the vessel shown in Figs. 1-6.

Fig. 9 is a plan view of the forward portion of khe vessel

10 -and an adjacent fixed-position work platform.

Fig. 10 is a partially schematic plan view of the forward
portion of the pipe rack deck and the main crane, with the bow
deck omitted and portions of the crane above the column support
shown in phantom.

15 Fig. 11 is a partially schematic plan view of the forward
portion of the main deck with the bow deck and pipe rack deck
omitted.

Fig. 12 is an elevational view looking toward the bow or
forward end of the preferred embodiment of the vessel.
20 Fig. 13 is an elevational view of the preferred embodiment
of the personnel bridge.
Fig. 14 is an elevational view of one of the columns, with

the column-mounted anchor winches shown in phantom.

25 Best Mode for Carrving out the Invention

The drawings show a semisubmersible vessel 2 that is
constructed according to the invention and that constitutes the
best mode of the invention currently known to the applicant.
The vessel 2 has two parallel, elongated and laterally spaced

39 buoyant hulls 4. At one end of the vessel 2, the end 6 of each
hull 4 is tapered to provide minimum resistance to towing. As
described herein, this end of the vessel 2 is referred to as
the aft or rear end, and the opposite end is referred to as the
forward or bow end. Thus, when the vessel 2 i3 nhaing towed Lo

35 and from a work site, it is towed stexrn first.
the end which is positioned adjacs:n:

platform during servizing of



10 FEB 199y| a.pair of hulls that may be ballasted to subnE[ § heR (aced
hulls. U S. Patent. No. 3,835,800, granted Septenber 17, 1958 Shechas Seh poR s :
Lloyd II1 et al., discloses a sem subnersible derrick barge | l hlj m“‘ '..
heavy duty derrick or crane is nounted at one end of the bar -
| ongi tudi nal centerline of the barge. The disclosed barge is also the

subj ect of U S.  Patent No. 4,165,702, granted August.28, 1979, to t he sane

inventors. Qhep RLEPYRAlSIineS &M BYPUREELREEV BSSBlne Wkt i dibhta

from each hull 4. To help maximize vessel stability, each

column 8 has a constant cross section throughout its effective
height. The number of columns 8 in each row may be varied.
S . In the illustrated preferred embodiment, there are three
columns 8 in each row with each column 8 in each row positioned
laterally opposite a column 8 in the other row. The middle
pair of columns 8 is preferably located so that the pitch axis
of the vessel 2 intersects the column centerlines. The other
10 two pairs are located on the corners of the vessel 2.
_Preferably, the columns 8 are arranged symmetrically on
opposite sides of the roll axis.
Referring specifically to Fig. 12, triangular trusses 9,
11 are provided between the two hulls 4 to stabilize the
15 hull/column structure. Preferably, there are three trusses 9,
11 each of which is aligned with the lateral centerlines of a
different pair of columns 8. The tops of the columns 8 support
a working platform 10. The upper ends of the two diagonal
beams 9 of each truss 9, 11 are secured to the bottom surface
20 of the working platform 10. The lower horizontal truss beam
11 extends between and is secured to the upper surface of each
hull 4 and the adjacent outer surface of each column 8 of the
corresponding pair of columns 8. ~
Ballast chambers (not shown) are pfovided to permit the
25 hulls 4 to be moved between a submerged condition and a surface
floating, hull supported condition. The ballast chambers may
be prévided in various configurations and may be situated in
the columns 8 as well as in the hulls.4. The hulls 4 have
sufficient displacement to support the vessel 2 on the surface
30 when the vessel 2 has a heavy deck load. The hulls 4 are
compartmented transversely and longitudinally to form ballast
chambers and chambers for storing drill water, potable water,
and fuel. Selected ballast compartments may be ballasted and
deballasted to submerge and f£loat the vesssl 2 and to Induce
35 heel or trim angles when the hulls 4 are subnmerged.

may also be transferred between the hulils



Patents Noz 3,894,503, granted July 15, 1975, toA. C. Mcdire; No.
4,207,828, granted June 17,. 1980, to A Horowitz et al; No. Thi%SRe%ﬂHa’QBBaneplaced
granted November 4, 1980, to P. S. Heerema et al.: No. 4,232 m a'u?

Novenber 11, 1980, to Y. Coren et al.; and No. 4,281, 615 and mﬂl

grant-ed August 4, 1981, and Septenber 18, 1984, respectively,

Wilson et al. Each of these patents discloses a tender barge, except the
Goren et al. patent, which discloses’a sem subnmerged drilling_ vessel. Also
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nvention ;. e present hnyepthon e, difected townrd a sem subpersible

including a first or main deck 12 that extends the full length

S and width of the vessel 2 and is adjacent to the upper end of
each of the six columns 8. Spaced above the main deck 12 is
a second or pipe rack deck 30 that is coextensive with the main
deck 12 and extends over the entire vessel 2. On the aft end
of the vessel 2 there is a helideck 38 to permit helicopters
10 to land on the vessel 2. At the forward end of the vessel 2,
there is a forward or bow deck 48 that has a forward end
vertically aligned with the forward ends of the main deck 12
and pipe rack deck 30 and a rearward extent of about 13% of the
length of the vessel 2. The portion of the pipe rack deck 30
15 between the helideck 38 and the bow deck 48 is open. As used
herein, including the appended claims, the term "main deck
portion" is used to mean the entire working platform 10
exclusive of the bow deck 48. The term "forward deck portion"
refers to the bow deck 48. The main deck portion may include
20 other decks in addition to the main deck 12, pipe rack deck 30,
and helideck 38, for example an additional deck or decks
between the main and pipe rack decks 12, 30.
The main deck structure 1is completely enclosed and
compartmented similar to a barge to provide the vessel 2 with
25 reserve buoyancy to increase the safety of the vessel 2. A
bottom plate 66 (Fig. 7A) extends over the entire underdeck
area of the main deck 12. A plurality of bulkheads (Fig. 11)
extend vertically between the main deck 12 and pipe rack deck
30 to provide an additional sealable compartmented strhcture.
30 The bulkheads include longitudinal bulkheads 14 extending the
full length of the wvessel 2. The outer bulkheads 14 have
sealable access doors 15 to provide access for personnel into
the enclosed area between the two decks 12, 30. The bulkheads
also include 1lateral bulkheads 16 which extend D'y
35 partially across the vessel 2 Dbetween “he

longitudinal bulkheads 14.



hulls with ballast chanbers to pernmit the hulls to be noved

subnerged condi tion and a surface floating condition. A,ro

i's supported by and extends upwardly from each of t he hul [ s. A working
platformis supported by the upper end® of the col ums. According to an
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storage required for a self-contained operation of the vessel
2. Preferably, the vessel 2 has a mud system and a brine
system that are entirely separate from each other. Referring

10 to Fig. 11, a large pump compartment 22 is provided at the
forward end of the main deck 12. The compartment 22 houses mud
pumps 24 and a brine pump 26. Smaller compartments house brine
tanks 18 and wmud tanks 20. Additional main deck compartments
house '‘engines and generators, air compressors, crew quarters

15 and amenities, workshops, and storage. Life boats 40 are
mounted along the outer lateral edges of the main deck 12.

Slightly less than two thirds of the pipe rack deck 30 is
open. The major portion of the open area is covered by pipe
racks 32. Underneath the helideck 38, additional crew

20 amenities are provided. The portion of the pipe rack deck 30
beneath the bow deck 48 includes storage areas. A plurality
of hatches, such as the hatch 34 shown in Fig. 10, are pfovided
to give personnel access between the pipe rack deck 30 and the
main deck 12.

25 The vessel 2 has eight anchors 42, two positioned at each
corner of the vessel 2. The anchors are positioned té provide
the eight-point anchor configuration shown in Fig. 1. This
configuration provides stable piacement of the vessel 2
relative to a fixed-position work platform being ser&iced by

30 the vessel 2. Referring to Fig. 14, the anchor winches 44 are
preferably positioned in the interior of the corner columns 8.
The anchor wires or lines 43 extend upwardly from the winches
44 in the columns 8 through anchor wire housings 46 and
fairleads 47 to the anchors 42. In Fig. 14, a single anchoxr

35 winch 44 is. visible. The winch for the other anchor ¢z nob

seen in Fig. 14 is positioned dir
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A major feature of the invention is the high capacity main

crane 50 mounted on the forward port corner of the vessel 2.
The crane 50 has sufficient capacity to lift loads off the bow
end and either side of the platform 10 and off the platform 10

‘from the bow end to about the helideck 38. The crane S50 has

a boom 52, shown in an operational position in Figs. 1, 4, and
5. A boom rest 53 is provided to support the boom 52 when the
crane 50 is not in operation. Fig. 8 illustrates the boom 52
engaging the boom rest 53. The boom 52 is mounted to pivot on
a crane base 54. Extending downwardly from the base 54 is.é
support structure for the crane that extends from the base 54
through the bow deck 48 at least to the main deck portion, i.e.
to the pipe rack deck 30. Preferably, the support structure
extends downwardly through the platform 10 to and down into one
of the corner columns 8.

The details of the support structure for the crane can best
be seen in Figs. 6, 7A-7E, and 12. As can be seen in Fig. 12,
the pivot axis of the crane 50 is aligned with the longitudinal
centerline of the column 8. The crane axis is offset from the
lateral centerline of the column 8, as shown in Fig. 6. This
offset allows optimal positioning of the crane 50 relative to
the forward end of the vessel 2 and thus to an adjacent fixed
position work platform.

Referring to Figs. 6, 7A-7E, and 12, the support structure
for the crane includes a cylindrical crane column support 56
extending downwardly from the crane base. This column support
56 extends downwardly through the bow deck 48 to a vertical
level close to the pipe rack deck 30. At this level, a
transition portion 58 of the support structure is provided to
create an interface between the cylindrical column support 56
and the lower rectangular portion of the support structure.
This lower rectangular portion is provided by two of the
longitudinal bulkheads 14 that extend between the main deck 12

and the pipe rack deck 30 and two forward bulkhe:

also extend between the two decks 12, 30. The upper
of the bulkheads 14, 60 extend upwardly =hreuoh

deck 30 to mzet the traraiciosn por: o



crane and tihrough the platformto and down into one of the colums. The
structure interfaces with sidewall portions of this col urrrhnstShe&tHasrB?eBﬂRe laced:

forces created by operation of the crane to the col um.

design of the working platformand the crane support struc I‘f ' ymr
vari ed considerably. Preferably, the platformincludes a fi

adj acent to the upper ends of the columms, and a second deck spaced above

the first d .Jhe_cr StI r |4 alsid f
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forces to t Preferab bul kheads have edge portions that” are
secured to fpHees created by operatlon of the crane 50 to the underlying

5  column 8. Preferably, each of the four bulkheads 14, 60 has
a downwardly extending portion 62 that extends downwardly into
the column 8. The opposite vertical edges 64 of the downwardly
extending portions 62 of each of the longitudinal bulkheads 14

are secured to the inner surface of the column 8, such as by

10 welding. This completes the force pathway from the crane 50
to the column 8. As shown in Fig. 7A, the sealed bottom plate
66 of the main deck 12 interfaces with the outer surface of the
column 8. .

The vessel 2'may be provided with one or more auxiliary

15 cranes in addition to the high capacity main crane 50. For
example, a main crane with a dynamic capacity of 150 tons is
preferably provided in conjunction with an auxiliary crane with
a capacity of 50 tons. As shown in Figs. 1, 2, 5, and 8, the
auxiliary crane 70 is preferably mounted on the pipe rack deck

20 30 rearwardly of and laterally opposite the main crane 50. The
auxiliary crane 70 has a boom 72 pivotably mounted on a base
74. A boom rest 73 is provided to support the boom 72 when the
crane 70 is not in operation. A column support 76 for the
crane 70 supports the crane on the vessel 2. Preferably, the

25 column support 76 extends downwardly through the pipe rack deck
30 to the main deck 12 to enhance the stability of the crane
mount and distribute the forces created by operation of the
crane 70. The crane 70 may be operated simultaneously with the
main crane 50. k

30 Another feature of the invention is a personnel bridge
mounted on the bow deck 48 laterally opposite the main crane
50. The bridge 80 has a first end pivotably mounted on the bow
deck 48, and a second free end. The columns 8 are dimensioned,
and the bow deck 48 has a height relative tc the columns ?. UC

35 permit the bow deck 48 to be substantially vertically .o’
with a fixed-position work platform heing agyritec Hv

vessel when the hulls 4 ar»s v 5 aubmeryagen oS - o



surface portions of the colum. In the preferred enbodi nent,the working -
platformal so i ncludes a forward deck positioned above a forwqam }‘Q&Haégenﬁeplaced

t he second deck. The crane is nounted on the forward deck. T
structure includes a crane col unm support extendi ng downwar dly mﬂﬂjﬂm ’lum
crane through the forward deck to the bul kheads. The vessel

provided with one or nore auxiliary anes. In the preferred enbodi nent,

the main canaecdﬁastieﬁdlab@yeréﬁemmtLeflg@n 2 {d var d mordefe PRTtd QhOf

t he platfom, and gn au iliar nels m)unted%the ecoEd rdtg‘fe

rear war dl y 5#949fd 8 atté’r ?yp %‘b t Bt REVfaitt T rianes %’Pl t RBFC erfk
feature ofplhefuwemsaloo swirlovide ndprddger kimga plsabbtoamctibal yf mmzaormwyant
body to prgéEQElgne t\éeﬁfaQ% rPMéé" é&%&%% RYNANY by pefESRRLAENGJQ NoL her

aspect of I'nventio
S bridge 80 between the vessel 2 and the fixed work platform 100.

The use position of the bridge is illustrated in Figs. 1, 3,
5, 9, and 13.

The preferred structure of the bridge 80 and its mounting
is illustrated in Fig. 13. A cylindrical support 82 extends

10 upwardly from the bow deck 48 and pivotably mounts the first
end of the bridge 80. The support 82 is provided with a
powered pivot ring 84 for pivoting the bridge 80 about the
vertical axis of the support 82. A boom hoist 86 at the upper
end of the sﬁpport 82 is provided to. permit pivoting of the

15 free end of the bridge 80 upwardly and downwardly about an axis
defined by the point of connection between the powered pivot
ring 84 and the bridge 80. An additional pivot ring 88 is
positioned just below the boom hoist 86. The bridge 80 has two
telescoping portions and is provided with a constant tension

20 winch 90 and rollers 92 to provide telescoping movement and
maintain the stability of the bridge 80. A gimbal 94 is
provided at the free end of the bridge 80 to maintain the
horizontal orientation of the bridge 80 when there is relative
movement between the vessel 2 and the fixed platform 100.

25 In the operation of the vessel 2, the vessel 2 is towed to
a work site for the purpose of erecting or dismantling or
servicing a marine structure, such as the drilling platform 100
shown in Figs. 1, 3-5, and 9. The platform 100 is erected on
piles 102 driven into the sea floor to permanently maintein the

30 platform 100 in a fixed position. As illustrated in Fig. 4,
the main crane 50 of the vessel 2 may be employed to erect or
dismantle a rig structure, such as the derrick equipment set
104 shown in Figs. 1 and 3-5. For servicing, erecting, oOr
dismantling operations, the vessel 2 is positioned with its bow

35 end adjacent to the platform 100. The =ight anchors 42 are

L

deployed and the anchor lines 43 are “ighvened oo matvoa'n o0

vessel 2 in proper position. Mora speciiiogl v



conprii ses,a nmain deck portion and a forward deck portion. The.nmai-n-deck -
portion is supported by and extends over each_of the colunns a d §B&anMuﬂ
forward end. The forward deck portion is p05|t|oned above a'

of the main deck portion and has a forward end substantlally

the forward end of the main deck porti The rearward extent

forward deck portion is sufficiently short to | eave at | east about one half

Zf the ”ﬁi%b@@%&aﬂgrSbQQhéE§§H§”éHL m%s%r§6§ éf fﬂ%“&é?iick equipment set
: 104 preparatory to raising the mast 106. When the vessel 2 has
been positioned and securely anchored, service lines 108
carried by the vessel 2 are connected to the platform 100 to
5 . connect the electric power, brine and mud systems of the vessel
2 to the platform 100.
For normal, i.e. relatively calm wave conditions, the crane
50 may be operated to 1lift and transfer loads between the
vessel 2 and platform 100 up to the full tonnage capacity of

10 the crane 50 to service the adjacent platform 100 while the
vessel 2 is in a surface floating condition. In moderate or
heavy seas having wave heights in excess of about five or six
feet, vessel and crane operations are .carried out with the
vessel 2 in a semisubmerged condition in which the hulls 4 are

15 submerged, as illustrated in Figs. 1, 3-6, 12, and 14. To move
the hulls 4 into a submerged condition from their surface
floating towing condition, the hulls are ballasted, preferably
by simultaneously ballasting selected ballast compartments in
each hull, to submerge the hulls 4 below the water line. 1In

20 most situations, it is optimal to submerge the hulls 4 so that
the columns 8 are submerged for approximately half their
effective height, i.e. to half the distance between the lower
surface of the main deck 12 and the upper surface of the hulls
4.

25 Since the effective height of the columns 8 is chosen so
that it is equal to and preferably greater than the maximum
anticipated wave height from crest to trough, the ballasting
of the hulls 4 to locate the mean water line halfway up the
effective height of the columns 8 ensures that waves with

30 heights up to or greater than the maximum anticipated wave
height are prevented from acting against the hulls 4 and the
working platform 10. The only portions of the vessel 2 on
which there is motion-inducing wave action are the columns 8
and the open truss framework between the hulls < &and the

35 working platform 10. This reduces the adverse esffec: 1 wav:

action on the vessel 2 and gives the vessel axcsl o

minimizing characteristicgs. Tr the semis e res oo o



10 FEB 1999 on the forward deck portion. The crane has suff|C|en
capacity to lift -1oads off the forward ends of the deck p&? Pm”d
| east one side of the platformand froma portion of the nal l
extending rearwardly fromthe forward deck portion to a Ioc

hal fway fromthe forward end of the main .deck portion to an opposite end
of the main deck portion. A

the vessel 2, the displacemegésof the submerged portions of the
columns 8 and the residual displacement of the hulls 4 are
sufficient to maintain the wvessel 2 in the floating
semisubmerged condition at the selected predetermined height.
5 " The preferred embodiment of the vessel 2 is designed to
operate efficiently and safely in sea states having waves of
eleven or twelve feet in height or higher. However, even when
the vessel 2 is operating within its design limits and in its
semisubmerged condition, there is some vesse1 motion responsive
10 to wave action due to the exposure of the columns 8 and trusses
9, 11 to the wave action. The natural period of the waves
under certain conditions may be such that there is
~-amplification of vessel motion which can become sufficient to
interfere with operations. In such a circumstance, it is
15 necessary and desirable to alter the motion of the vessel 2 by
either ballasting or deballasting the vessel 2 within
predetermined limits to submerge or emerge the vessel 2 to a
gréater or lesser extent from the ideal submergence discussed
above in which the mean water line is at one half the effective

20 height of the columns 8.

The ballasting of the hulls 4 is also normally adjusted to
compensate for and minimize transverse inciinations of the
vessel 2 about its heel axis caused by crane operations. Such
inclinations are caused by slewing or pivoting of the crane 50

25 about its axis in either the loaded or unloaded condition
because of the asymmetrical location of the 1load and/ox
counterweight. To tnaintaij1-the comfort and safety of the
operating personnel and to retain the crane slewing capability,
the hull ballast compartments are selectively ballas&ed and

30 deballasted in accordance with the rotational movement of the
crane S0 to maintain the vessel heel angle within predetermined
limits. Onloading or offloading may be conducted from either

the port or starboard side of the vessel 2 or from the bow end

of the vessel 2. In each case, the ballast compartments of
35 each hull 4 are appropriately ballasted and deballasted
maintain load balance and heel angles within ths wrescribens

limits.



Suppotrt structure for the crane extends downwar dl y from t he crane, through
the forward deck portion at least to the nmain deck portlonThEsﬁéﬂﬁﬁB Rs@hmd
mai n deck portion includes first and second decks, and the s
structure includes a plurality of bul kheads and a crane colu
descri bed above. According to still another aspect of th en |on
the vessel conprises a main deck portion, a forward deck portion, and a
crane, as described i a g@ The,vessel. furt ri ses a
e sonner br ag8 sl +paLiaBR BRI R PYEIdE R oY D R e
portion, asdbmesgeom&Wem&rgmdth&heeseéhnﬁstara @EEam&momﬂdlﬂﬂEiékEEnt
forward de or{J on % C ermt the
forward deg O%or%#%n 1thaeSébe su{r)‘gg %Ji %Oﬁq[ f%?ﬁf1 %CF &k&ze Vessef
fi xed- posi mpﬁnqmampénéuf:@mpbergut@rhn e;edrbydtcbiet so that the dlstance

: S ~between the mean water line and either the underside of the

main deck 12 or the top of the hull 4 is not less than three

quarters of the mean wave height. For this purpose, the
effective height of the columns 8 is preferably equal to or
greater than one and a half times the mean wave height.

10 The columns 8 are located so that the hydrodynamic forces
on the columns 8 act to establish righting moments proportional
to the volumetric displacement of the submerged portions of the
columns 8 about the roll and pitch axes to locate and maintain
the metacenter of the vessel 2 above the vessel’s center of

15 gravity in each of the baliasting conditions discussed above.
In addition, the area and number of the columns 8 and the
distance of the columns 8 from the longitudinal and transverse
centerlines of the vessel 2 are such that there is a greatex
righting moment about the transverse pitch axis than the

20 righting moment about the longitudinal roll axis when the
vessel 2 is in a semisubmerged condition.

When the operations at a work site have been completed, the
‘vessel’s ballast compartments are deballasted to refloat the
vessel 2 and move the hulls 4 into a surface floating

25 condition. The booms 52, 72 of the cranes 50, 70 are moved
into horizontal positions resting on their respective boom
rests 53, 73. The.vessel 2 is then towed to another work site
or a home port. .

Although the preferred embodiment of the invention has been

30 illustrated and described herein, it is intended to be
understood by those skilled in the art that wvarious
modifications and omissions in form and detail may be made
without departing from the spirit and scope of ths invention

as defined by the following claims.



vesse] when the hulls are in a subrrerged condition. This, .. irLLurn - permts

the bridge to be pivoted to gmm m “ujlmmﬂ onto the wor
The basic structure .of the'v l l |1t|on |n(,Th EI e’rﬁe ]aced

and subnersible hulls and col urm © slppbrt&d Worki ng pl atf
probl em di scussed ‘above of the severe restrictions on us

conventional surface floating tenden7barges. Vessels constructed accordl ng

to the invention have mni m zed vessel notion due to excitation forces.

caused byWhate iscttledmed dswi de range of sea states. Qperation of the
vessel 's crang may heSaffine cAMINUES At Y lvedull (W18 Msh %’é‘&ﬁ}%eﬁ

conditions. Thus, tender operations _may b€ carried out reI I abl
qui ckly wPefTl PEt pebstankiglly Rakrliedk. lateradiiynERacrentepyaphnnl he

makes thewessehl1Bk8hbMamBeisetd gsdiwer asmMEIHu1as E8l babheved bsddsen
a submerged condition and a surface floating condition, a row
5 of columns supported by and extending upwardly from each said
hull, and a working platform supported by the upper ends of

said columns, said vessel comprising:

a crane mounted on said platform adjacent to an end of said
platform, said crane having sufficient capacity to lift loads

10 off said end of said platform and at least one side of said
platform and from a portion of said platform extending from
said end of said platform to at least about halfway to an
opposite end of said platform; and

a support structure for said crane; said structure

15 extending downwardly from said crane, through said platform to
one of said columns, and down into said one of said columns;
and said structure interfacing with sidewall portions of said
one of said columns to transmit forces created by operation of
said crane to said one of said columns.

2. The vessel of claim 1, in which the platform includes
a first deck adjacent to the upper ends of the columns, and a
second deck spaced above the first deck; and the support
structure includes a plurality of bulkheads extending

5 vertically between said decks and having portions extending
vertically down into said one of said columns.

3. The vessel of claim 2, in which said bulkheads have
edge portions that are secured to inner surface portions of
said one of said columns to transmit said forces to said one
of said columns.

4. The vessel of claim 2, in which the platform further
includes a forward deck positioned above a forward portion of
said second deck, said crane is mounted on said forward deck,
and said support structure includes a crane column suppor™

S extending downwardly from said crane through said forward deck
to said bulkheads.

The
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5. The vessel of claim 1, in which the platform includes
a main deck portion supported by and extending over each of
said columns and having a forward end, and a forward deck

positiocned above a forward portion of said main deck portion

-and having a forward end substantially aligned with said

forward end of said main deck portion and a rearward extent
sufficiently short to leave at least about one half of saidg
main deck portion uncovered.

6. The vessel of claim 4 or claim 5, further comprising
a personnel bridge having a first end pivotably mounted on said
forward deck, and a second free end; said columns being
dimensioned, and said forward deck having a height relative to
said columns, to permit said forward deck to be substantially
vertically aligned with 'a fixed-position work platform-being
serviced by the vessel when said hulls are in a submerged
condition, and in turn permit said bridge to be pivoted to move
said free end onto said work platform.

7. The vessel of any of claims 1-5, in which said crane
is a main crane mounted on a forward corner portion of the
platform, and which further comprises an auxiliary crane
mounted on the platform rearwardly of and laterally opposite
said main crane.

8. The vessel of claim 1, in which the platform forms a

'buoyant body to provide the vessel with reserve buoyancy.



crane enables the crane to be optimally positioned adjacent to a fixed work
platformto carry out tender operations, whiteat the sane tine allowng- - _
the center of gravity of the vessek ta be maintained as |mWsas: RABSEH Bince
The nounting of a Ppersonnel bridge -orffa forward deck enhan , (_E)Fe
operational characteristics of .the vessel by providing conﬂmgmumm Hf:e
access for personnel between the tender and the fixed work : '

These and ot her advantages and features will beconme apparent fromthe
detail ed description of the best npd@ for carrying out the invention that
foll ows. Bri ef DescriptiorRlpst¥aet phyihgdisclosure

A drilling tender (2) has a pair of laterally spaced
buoyant hulls (4) with ballast chambers to permit the hulls to
be moved between a submerged condition and a surface floating

5 condition. Each hull (4) supports a row of columns (8). The
columns (8) support a working platform (10) including a main
deck (12) and a pipe rack deck (30) above the main deck (12).
A bow deck (48) above a forward portion of the pipe rack deck
(30) has mounted on a corner portion thereof a main heavy duty
10 crane (50). The support structure for the crane (50) extends
downwardly through the decks (12, 30, 48) and down into one of
the columns (8). -‘Between the main and pipe rack decks, the
support structure is formed by a plurality of bulkheads. These
bulkheads have portions extending down into the column (8) to
15 transmit forces created by operation of the crane (50) to the
column (8). A personnel bridge (80) is pivotably mounted on
the bow deck (48) to allow its free end to be pivoted onto a
fixed-position work platform being serviced by the tender (2).
An auxiliary crane (70) is mounted on the pipe rack deck (30)

20 rearwardly of and laterally opposite the main crane (50).

Figure 2



I'n the dyawi ngs, like element designations refer to |ike pahisShdet¥4BedhA®Rdblaced

and:. Fig. 1 is a pictorial view.of the preferred enbodi
"invention shown floating in a senm.subnerged condition, |ooki
starboard side and aft end of the yessel. Fig. 2 is an elevat w

of the vessel shown-inp—Fi-g-—-1-1ooktng—toward the starboard side. Fig, 3

Is anl el evational view of the forward portion of the starboard side of the

vesse] shown in Figs. 1 and 2 and an adj acent fixed-position work platfofm

Fig. ¢ is a sinplified elevational view of the vgssel bow port'ﬁrw_'a and work

pl atfprm sh Ain Fig. 3 and illustrates the pl gding of the rra.of a

derri gk equi pnTént set on the fixed work platforpby use of the%sel 'S

mai n ¢rane. , Fig. 5 is a pictorial view of thg preferred e ’iég"i‘ ment
A . PN /o6
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| ooki ng dovin at the port side and aft end of the vessel. ThF'Sﬁ’eeu@ashp

el evational wview.of the forward portion of the port side of e"qze"'a"e"

shown in Figs. -1-5. Fig. 7Ais a partially expl oded pict Oﬂﬂgﬂmm’" lm -
t he preferred enbodi ment of the suggggt structure for the mai '
Fig. 7B7S an el evational view of structure shown in Fig. 7A | ooking
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10FEB 1999 J . Fig. 7Cis an el evational view of the gygggmﬁhqmﬁml_
Adn Figs. 7A and 7B | ooking forward toward the bow of the ves
7D is a schematic plan view illustragiypg-the structure shovvn ‘l ‘“‘%

7A7C - Fig. 7TEis a schematic pIanV|eW|IIustrat|ngth




relationship between the crane colum support and bul kheads shown in. Figs.
T7A- 7D. Fig. 8 is a plan view of the vessel shown in Figs.T$3§ké

Fig. 9 is a plan view of the forward portion of the vessel and- (ila
fixed-position work platform f 2 10 is a partially schem#mwr
view of the forward portion of the plpe rack deck and the main A

i

the bow deck omtted and portions of the crane above the colum support
shownii n phant om Fig. 11 is a partially schematic plan view of the
forwand portion of the main deck with the bow deck and pipe rack deck

om tted. Fig. 12 is an elevational view |ooking toward the bow or
forward end of the preferred enbodi nent of the vessel. Fig. 13 is an
el evat'i onal view of the preferred enmbodi nent :




of the personnel -bridge. Fig. 14 is_ an.elevat i:c_)_gé;_t!."_;g;_\__/;ftewl.of one of--the ™~
col ums;*wi t h -t'he col um=smount ed anc¢hor w.nches shown in p argi oMy

o Q?I@inaced- :
Mode-for- Carryi ng out the Invention THe-draw ngs show &\ 23T AE Nl
vessel~ 2 that is constructed according to the invention and- E ’m“m X
.constitutes the best node of the inventi'gh currently known f . _
applicant. The vessel 2 has two parallel, elongated and | aterally spaced
buoyant hulls.4.. At one end of the 9éd3el 2, the end 6 of eaeh-hutt—4—s7

t apergd—toprovide W il mum r esi stance to towi ng. As described herein, thi's
end oEut he vessel 2 is referred to as the aft or rear end, and the opposiite
“end i

referrgd to as the forward or bow end. Thus, when the vessel 2 is}
bei ngi t owed t\\&7
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and froma work site;. it.is.towed Stern first. The bow end i s the end whitch
i s posi+ioned adjacent to a fixed-position- work pl at f or nirhglg[,éemas@@gn\@e Mgg

of the work platform - ]
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A row of columms 8 is supported by and extends upwardl y-from each hull 4.
To ‘hel pinaxi m ze vessel stability, each colum._8 has a COﬂ%tﬂéHtHﬁsl’EtsrBReplaced
secti on-tht oughout its effective height: The-nunber of col !

row may—be varied. In the illust rgtlﬁgnpr eferred enbodi nent Tm ee
colums 8 in each row with each cadl 8 ineach row positi aterally
opposite a colum 8 in the other row The mddle pair of colums 8 is
preferably |located so that the pitch axis of the vessel 2 intersects the
colum centerlines. - The other two pairs are |located on the .corners of
the vessel 2. Preferably, the colums 8 are arranged symetrically on
opposite sides of the roll axis. '
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Referring,specifically to Fig. 12, triangular trusses 9, 11 are-provided

between the two hulls 4 to stabilize the hull/col um struct
‘there are three trusses 9, 11 each of which is aligned wi T
centerlines of a different pair_of colums 8. The tops of
Thee/ 1pper ends of the two

support a working platfor

m 10.

i

of each truss 9, 11 are secured to the bottom surface of the working

pl atform 10. The | ower
secured to the upper sur

2

hor j_zont al

&lhul |

truss beam 11 extends between and is
4 and the adjacent outer surface

reabeReplabed,

i

of each colum 8 of the dorresppndi ng pﬂﬁg of col ums gv/ Bal l.as
chanbers (not shown) are jprovided to p t the hulls \é;o‘ no bet ween
a submerged condition ang a surnggéggzgting, hul | support ‘condition. The
bal | ast chanbers may be pgrovided in various configurations and may be
situated in | | 88 - 20 | .
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the columps 8 as well as in the hulls 4. The hulls 4 have sufficient
di spl acenent to support the vessel 2 on the surface when.the vessel 2 hasa’
heavy deck load. The hull$ 4 are conpartmented transverse }{sB&mgﬁmmmd
| ongi t uginally to-formballast chanbers and chanbers for s

wat er, potable water, and fuel. Sel 8dtldd bal | ast conpartnent “iﬁ '
ballasted and deballasted to subnerge and float the vessel

heel or :trim angl es = ast may also be
transfenred bet ween tE=

NI

[T

)

AT

k™ -
B
N -
AN
= _
R =
TNL | E _
R
<

1

0
[

(-]
-]

<

o] It e s e s s

°

° -

|
—]

(i

A t b e e 4 et e e e e e v



PLACE ~ 3BEET - [ 10r EB..199w..

The conflguratlon of the working platform 10 may be varleclrhl
provided with a single deck-or a plurality of decks. In the ﬁf Replaced

enbodi ment, thhere are a plurality of decks including a fi rs
12 that_extends-the full. | ength angy migth of the vessel 2 a
to the upper end of
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each of th& six colums 8. Spaced above the main deck 12 is a se ond or

pi pe rack deck 30 that is coextensive with the main.deck 12 an BeenRe la
over the entire vessel 2. On the aft -end of the vessel 2 there S m”,, "I
hel i deck 38.to _permt helicopters to |and on the vessel 2. At t he

end of {the vessel 2, re is a forbt¥ or pow deck 48 tha S a forwar

end veitically. aligne W he forward of the main 12 and pi peL

rack deck 30 and a rearwar : 9 "|gth of the.vessel

2. Thelportion of the pipeir deck ;30 betisg€en the el,ldbck 38 and the bpw’
deck 48 is open. As used hewgs ' | ap ndE{d I} ai ms, the term

"mai n deck portion" is use I ngy 1IpL4 tform 10

excl usive of the bow deck - 4 f d d ck p;drttg on" refers to the
bow degck 48. The mmi n deck Ertior mily 1| NCr¥ et-her déc 5 in addition to

the majn deck 12,34 edk. {30yt - /“:_.____1'“—‘ o
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and helideéck 38, for exanple an additional deck or decks between the main =~

and pi pe rack decks 12, 30. The main deck structure..is co S@eeeH BeenReplaced
encl osed and conpartnented sinmlar to a barge to provide the v

reserv yaney—to-iferease-t-he safetyspf the vessel-2---A bo

(Fig. fA) extends over the entire underdeck area of the main dec

and pipe rack deck 30 to provide an additional seal abl e conpartnented
structyre. The bul kheads i nclude | ongitudinal bul kheads 14 extending the !
full length of the vessel 2. The outer bul kheads 14 have seal abl e access:
doors 15 to provide access for personnel into the encl osed %ﬂ?a bet ween t he
two degks 12, 30. The bul kheads al so include |ateral bulk —16 which
extendifully or partially acro§§ t he vessel 2 betme?gz}he ofit WERoSt
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pluralijty of bul kheads (Fig. 11) extend vertically between the naln deck T '
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compartments hoysegPiiffng tender (2) has a pair of laterally spaced

buoyant hulls (4) with ballast chambers to permit the hulls to
be moved between a submerged condition and a surface floating
condition. Each hull (4) supports a row of columns (8). The
columns (8) support a working platform (10) including a main
deck (12) and a pipe rack deck (30) above the main deck (12).
A bow deck (48) above a forward portion of the pipe rack deck
(30) has mounted on a corner portion thereof a main heavy duty
crane (50). The support structure for the crane (50) extends
downwardly through the decks (12, 30, 48) and down into one of
the columns (8). Between the main and pipe rack decks, the
support structure is formed by a plurality of bulkheads. These
bulkheads have portions extending down into the column (8) to
transmit forces created by operation of the crane (50) to the

column (8)'. A pefsonnel bridge (80) is pivotably mounted on -

the bow deck (48) to allow its free end to be pivoted onto a
fixed-position work platfdrm being serviced by the tender (2).
An auxiliary crane (70) is mounted on the pipe rack deck (30)
rearwardly of and laterally opposite the main crane (50).

FIGURE 1
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tankS 18 and nud tanks 20. Addi tTHPsrﬁLetﬁﬁslB%efdl&ffalﬁcdaOWpartmm‘&k&)lgbﬁ%q! nes * i
and.generators, air conpressors, nd aneniti A

and storage. Life boats 40 are ItE M!mymglfhe out er gt‘gﬂﬂmq\eﬁg% omq .&
the main deck 12. Slightly le I rds of the pi pe rack dei%
30 is open. The major portion of the open area is covered by pipe racks .
32. Underneath the helideck 38, additional .crew anenities are

provided. The portion o?fEMtIﬁ'éBWERﬁkBLtEaY:ﬁ(SSEbCWITﬁoFQf@ﬁE‘&TMQUNT@ BBAMEdeck 48
includes storage areas. A plurality of hat ches, such as the hatch 34 shown
in-Fig. 10, are provided to give personnel access between the pipe rack

deck 30 and the main deck 12. £iEﬂIEEEMﬂESéLﬁth&EﬂEEgHL_anchors 42, two
positioned at each C@ff'filr‘?g% tt'%%d% SPh) Zhaghe?]aﬁﬁfi‘if Soil?‘r QalE%%alhl‘ﬂPengBed

provi de the eight-polnt_anchor con guration own I n
buoyant hulls (4) with ballast chambers to permlt the hulls to

be moved between a submerged condition and a surface floating
5 condition.- Eabh;hull {4) ‘supports a row of columns (8). The
columns (8) support a working platform (10) including a main
deck (12) and a pipe rack deck (30) above the main deck (12) .
A bow deck (48) above a forward portion of the pipe rack deck
{30) has mounted on a corner portion thereof a main heavy duty
‘s 10 crane (50). The suppbrt structure for the crane (50) extends
downwardly through the decks (12, 30, 48) and down into one of
the columns (8). Between the main and pipe rack decks, the
support structure is formed by a plurality of bulkheads. These
bulkheads have portions extending down into the column (8) to
15 transmit forces created by operation of the crane (50) to the
column (8). A personnel bridge (80) is pivotably mounted on
the-boﬁxgeck (48) to allow its free end to be pivoted onto a
fixed-pqsition work platform being serviced by the tender (2).
An auxiliaré'crane (70) is mounted on the pipe rack deck (30)

20 rearwardly of and laterally opposite the main crane (50).

FIGURE 1
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SEMISUBMERSIBLE VESSEL WITH FORWARD-MOUNTED CRANE

Technical Field |

This invention relates to a tender vessel having a working
platform supported on columns extending upwardly from a pair
of hulls that may be ballasted to submerge the hulls and, more
particularly, to such a vessel having a forward-mounted high
capacity crane mounted on a partial forward deck and/or a
support structure extending downwardly to one of the columns.

Background Information

The present day demand on the offshore oil and gas industry
for greater safety and efficiency is the strongest in the
history of the industry. This demand makes it necessary for
equipment to be sufficiently versatile to be economically and
operationally efficient without compromising safet-y to
personnel, equipment, or the well. Drilling of the well is the
primary function in obtaining oil and gas. Subsequent well
workover or servicing is necessary to realize the maximum
product output potential of the well. The workover or
ser,vic:ing is normally done continually at regular intervals,
such as annually or biannually, over many years. Some wells
have been known to produce over a forty-year period.

Offshore industry requirements have led to the development
and construction of various special purpose marine structures
capable of continuous operation in the offshore environment for
extended periods of time. For éxample, one such structure that
is .commonly employed is a fixed, self-contained drilling and
production platform erected on piles driven into the sea floor.
A drilling workover or service rig, auxiliary equipment, and
crew quartérs are mounted on the platform. A commonly used
variation of this type of structure is a smaller platform
similarly erected on piles and having a drilling, workover, oxr
sexrvicing rig located thereon. The auxiliary equipment and
crew quart'ers are located on a separate‘ tender barge tied
alongside. ' |
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1 0 FES 99 i A major feature of the mveREPLACEMEmeSﬁlE%I} capacity
mai n crane 50 nounted on the forward port corngr jof the ve sq:L 2] The crane
50 has sufficient capacity to lift |oads off tHe boﬁvOeFrEBa\%t? i ther side of
t hepl atform 10 and of f the platform 10 from tHe [bow end to abduf the
hel i deck 38. The crane 50 has )

Mobile tender vessels are required to erect a rig in the
offshore environment, to dismantle. the rig in the case of
discontinued drilling, and to carry out workover or servicing.
Conventional tender vessels take the form of barges on which
are mounted heavy duty derricks or cranes. The cranes are used
to lift, transfer, and set into place the parts forming the
rigs. A tender barge typically has space on board to transport
the rig parts, and the barge-mounted crane is used to lift and
set the rig parts onto fhe platform.

Conventional tender barges employed for erecting,
dismantling, and servicing oil and gas drilling and production
platforms are single hull surface floating vessels that are
either towed or self propelled to and anchored at the platform
site. This type of tender vessel has the major disadvantage
of being highly restricted in terms of the sea conditions in
which it can be used for rig erecting and dismantling and
servicing operations. In sea states with even moderately high
wave heights, the tender vessels have a high level of motion
in heave, pitch, and roll and a tendency toward abrupt
correcting motions when the vessel is subjected to roll or
pitch excitations. For example, surface floating tender barges
currently employed for offshore operations generally are
restricted to operation in sea states having wave heights of
no more than five to six feet. The wave action against the
vessel caused by sea states having wave heights in excess of
these limits normally causes vessel motion at a level
sufficiently high to create a risk of structural or wire
failures in the vessel’s.crane. This risk precludes crane
operations. Thus, operations utilizing conventional barges are
normally halted when high sea state conditions are encountered
and are resumed only when the sea state subsides to within the
limits. _ . )

The above—discussed.shortcomings of conventional tender
barges have been recognized in the industry for a number of
years. There have been proposals for overcoming the
-shortcomings by providing a semisubmersible vessel having a

working platform supported on columns extending upwardly from
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provi ded to support the boom 52 when the —n
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nmounted to pivot on a crane base 54. Extehding!@ nk&ﬁﬁ@?ﬁly ffom
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the barge on the longitudinal centerline of the barge. The
disclosed barge is also the subject of U.S. Patent No.
4,165,702, granted_August.ZB, 1979, to the same inventors.
Other proposals for semisubmersible vessels are found in U.S.
Patents No. 3,894,503, granted July 15, 1975, to A. C. McClure;
No. 4,207,828, granted June 17, 1580, to A. Horowitz et al; No.
4,231,313, granted November 4, 1980, to P. S. Heerema et al.;
No. 4,232,625, granted November 11, 1980, to ¥. Goren et al.;
and No. 4,281,615 and No. 4,471,708, granted August 4, 1981,
and September 18, 1984, respectively, to J. H. Wilson et al.
Each of these patents discloses a tender barge, except the
Goren et al. patent, which discloses a semisubmerged drilling
vessel. Also of interest is U.S. Patent No. 3,685,305, granted
August 22, 1972, to S. H. Lloyd III, which discloses a pipeline
laying barge. '

Summary of the Invention
. The present invention is directed toward a semisubmersible
floating vessel having optimized operating characteristics.
The vessel is of a type having a pair of substantially
parallél, laterally spaced buoyant hulls with ballast chambers
to permit the hulls to be moved between a submerged condition
and a surface floating condition. A rxrow of columns is
supported.by and extends upwardly from each of the hulls. A
working platform is supported by the upper ends of the columns.
| According to an aspect of the invention, the vessel
comprises a crane mounted on the working platform adjacent to
an end on the platform. The crane has sufficient capacity to
1ift loads off said end of the platform and at least one side
of the platform and from a portion of the platform extending
from said end of the platform to at least about halfway to an
opposite end of the platform. A support structure for the
crane is provided. The structure extends downwardly from the



of fset allows optimal positioning of the crane 50 relm |vc oravar d
end of the vessel 2 and thus to an adjacent fixed po Cﬁﬁﬁﬁﬂgﬁ £ é m
Referring'to Figs. 6, 7A-7E, and 12, the support strLcture for the chanpe

vades a cylindrical crane colum support 56 extending qeygw@ngdey fir em

the crane base. This colum support 56 extends downward y through the Row
deck 48 to a vertical level close to the pipe rack deck-30- ACTHES
| evel, a transition portion 58 of the support structure is provided t
create an interface between the cylindrical columm support 56 and the | ower
rect angul ar qaare amdoftlirdaghupper platfawt ure. ankhi dowrovinta enieangfll e

portion i s Ridiied Dinkugeplchie Lianaibudhad by ddeads 1otbabn e end

bet ween the main ge pe rac i
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portions crane to the column.

The structural design of the working platform and the crane
support structure may be varied considerably. Preferably, the
platform includes a first deck adjacent to the upper ends of
the columns, ahd a second deck spaced,above the first deck.
The crane support structure includes a plurality of bulkheads
extending vertically between the decks and having portions
extending vertically down into the column. The downwardly
extending bulkhead portions interface with the column to
transmit crane operational forces to the column. Preferably,
the bulkheads have edge portions that are secured to inner
surface portions of the column. In the preferred embodiment,
the working platform also includes a forward deck positioned
above a forward portion of the second deck. The crane is
mounted on the forward deck. The support structure includes
a crane column support extending downwardly from the crane
through the forward deck to the bulkheads.

The vessel may also be provided with one or more auxiliary
cranes. In the preferred embodiment, the main crane described
above is mounted on a forward corner portion of the platform,
and an auxiliary crane is mounted on the second deck rearwardly
of and laterally opposite the main crane. Another preferred
feature of the vessel is providing a working platform that
forms a buoyant. body to provide the vessel with reserve
buoyancy.

According to another aspect of the invention, the vessel
comprises a main deck portion and a forward deck portion. The
main deck portion is supported by and extends over each of the
columns and has a forward end. The forward deck portion is
positioned above a forward portion of the main deck portion and
has a forward end substantially aligned with the forward end
of the main deck portion. The rearward extent of the forward
deck portion is sufficiently short to leave at least about one
half of the main deck portion uncovered. A crane is mounted



of the bul kheads 14, 60 extend upwardly through tH ¥ RETRADS KT30 to
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on the forward deck portion. The crane has sufficient capacity
to lift loads off the forward ends of the deck portions and at
least one side of the platform and from a portion of the main
deck portion extending rearwardly from the forward deck portion
to a location about halfway from the forward end of the main
-deck portion to an opposite end of the main deck portion. A
support structure for the crane extends downwardly from the
crane, through the forward deck portion at least to the main
deck portion. Preferably, the main deck portion includes first
and second decks, and the support structure includes a
plurality of bulkheads and a crane column support, as described
above. | _

According to still another aspect of the invention, the
vessel comprises a main deck portion, a forward deck portion,
and a crane, as described in the last paragraph. The vessel
further comprises a personnel bridge having a first end
pivotably mounted on the forward deck portion, and a second
free end. The columns are dimensioned, and the forward deck
portion has a height relative to the columns, to permit the
forward deck portion to be substantially vertically aligned
with a fixed-position work platform being serviced by the
vessel when the hulls are in a submerged condition. This, in
turn, permits the bridge to be pivoted toc move the free end
onto the work platform.

The basic structure of the vessel of the invention,
including its buoyant and submersible hulls and column
supported working platform, solves the problem discussed above
of the severe restrictions on use conditions of conventional
surface floating tender barges. Vessels constructed according
to the invention have minimized vessel motion due to excitation
forces caused by wave action in a wide range of sea states.
Operation of the vessel’s crane may be safely continued in all
but the most severe sea conditions. Thus, tender operations
may be carried out reliably and quickly with little, if any,
down time. The elimination of down time makes the vessel
highly cost effective as well as reliable and safe. The
preferred deck configuration of the vessel and mounting of the
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bridge on a forward deck enhances the desirable operational
characteristics of the vessel by pfoviding convenient and safe
access for personnel between the tender and the fixed work
platform. ‘

These and other advantages and features will become
apparent from the detailed description of the best mode for
carrying out the invention that follows.

Brief Description of the Drawings

In the drawings, like element designations refer to like
parts throughout, and:

Fig. 1 is a pictorial view of the preferred embodiment of
the invention shown floating in a semisubmerged condition,
looking down at the starboard side and aft end of the vessel.

Fig. 2 is an elevational view of the vessel shown in Fig.
1 looking toward the starboard side.

Fig. 3 is an elevational view of the forward portion of the
starboard side of the vessel shown in Figs. 1 and 2 and an
adjacent fixed-pbsition work platform.

Fig. 4 is a simplified elevational view of the vessel bow
portion and work platform shown in Fig. 3 and illustrates the
placing of the mast of a derrick equipment set on the fixed
work platform by use of the vessel’s main crane.

Fig. 5 is a pictorial view of the preferred embodiment
looking down at the port side and aft end of the vessel.

Fig. 6 is an elevational view of the forward portion of the
port side of the vessel shown in Figs. 1-5.

Fig. 7A is a partially exploded pictorial view of the
preferred embodiment of the support structure for the main
crane.

Fig. 7B is an elevational view of the structure shown in
Fig. 7A looking outboard toward the port side of the vessel.

e
force



exanple, a main crane wth a dynam c capag¢j rs preferably
provided in conjunction with an auxiliary acity of 50 tons.
As shown in Figs. 1, 2, 5, and 8, the auxiliar¥ crane 70 | s| preferably
nqggted on the pipe rack deck 30 rearwardly}of1@h&B W¥®ra) |y opposite the
marh crane 50. The aUX|I|ary crane 70 hasjalboom 72 pivotpb]y nounted on a
base 74.. A boomrest 73 is provided to s{ypport the boom 72| when the crane
70 is not in operation. A colunn support 70 supports t he
crane on the vessel 2. Prefer t he. col umm 76 ext ends downwardly
through the pipé PackCddtk3B0 eoattﬁgnﬁﬁl ‘ﬁl%c?fL@P EHHE\HE% £ tdbility
of the .cranéigsunt7Aandd dikticicking £drewsfusy d;@yacde'ahaa(bdwo@pehatvmejf the

crane 70. The crge 78 iRy L& ehRtLaLRSTIRY, ANeaUELY i the!l BErTBI kLT ane

50. Anot qler féature of_the invention is a personnel” bridge
own 1in Figs. 7A-7C.

Fig. 7E is a schematic plan view illustrating the
relationship between the crane column support and bulkheads
shown in Figs. 7A-7D.

Fig. 8 is a.plan view of the vessel shown in Figs. 1-6. -

Fig. 9 is a plan view of the forward portion of khe vessel
and an adjacent fixed-position work platform.

Fig. 10 is a partially schematic plan view of the forward
portion of the pipe rack deck and the main crane, with the bow
deck omitted and portions of the crane above the column support
shown in phantom.

Fig. 11 is & partially schematic plan view of the forward
portion of the main deck with the bow deck and pipe rack deck
omitted.

Fig. 12 is an elevational view looking toward the bow or
forward end of the preferred embodiment of the vessel.

Fig. 13 is an elevational view of the preferred embodiment
of the personnel bridge.

. Fig. 14 is an elevatioﬁal view of one of the columns, with
the column-mounted anchor winches shown in phantom.

Best Mode for Carrying out the Invention
The drawings show a semisubmersible wvessel 2 that is
constructed according to the invention and that constitutes the
best mode of the invention currently known to the applicant.
The vessel 2 has two parallel, elongated and laterally spaced
buoyant hulls 4. At one end of the vessel 2, the end 6 of each
hull 4 is tapered to provide minimum resistance to towing. As
described herein, this end of the vessel 2 is referred to as
. the aft or rear end, and the opposite end is referred to as the
forward or bow end. Thus, when the vessel 2 is being towed to
and from a work site, it is towed stern first. The bow end is
"the end which is positioned adjacent to a fixed-position work
platform during servicing of the work platform.
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A row of columns 8 is supported by and extends upwardly
from each hull 4. To help maximize vessel stability, each
column 8 has a constant cross section throughout its effective
height. The number of columns 8 in each row may be wvaried.
In the illustrated preferred embodiment, there are three
columns 8 in each row with each column 8 in each row positioned
laterally opposite a column 8 in the other row. The middle
pair of columns 8 is preferably located so that the pitch axis
of the vessel 2 intersects the column centerlines. The other
two pairs are located on the corners of the wvessel 2.
Preferably, the columns 8 are arranged symmetrically on
opposite sides of the roll axis.

Referring specifically to Fig. 12, triangular trusses 9,
11 are provided between the two hulls 4 to stabilize the
hull/column structure. Preferably, there are three trusses 9,
11 each of which is aligned with the lateral centerlines of a
different pair of columns 8. The tops of the columns 8 support
a working platform 10. The upper ends of the two diagonal
beams 9 of each truss 9, 11 are secured to the bottom surface
of the working platform 10. The lower horizontal truss beam
11 extends betweén and is secured to the upper surface of each
hull 4 and the adjacent outer surface of each column & of the
corresponding pair of columns 8.

Ballast chambers (not shown) are provided to permit the

hulls 4 to be moved between a submerged condition and a surface.

floating, hull supported condition. The ballast chambers may
be provided in various configurations and may be situated in
the columns 8 as well as in the hulls 4. The hulls 4 have
sufficient dispiacement to support the vessel 2 on the surface
when the vessel 2 has a heavy deck load. . The hulls 4 are
compartmented transversely and longitudinaliy to form ballast
chambers and chambers for storing drill water, potable water,
and fuel. Selected ballast compartments may be ballasted and
deballasted to submerge and float the vessel 2 and to induce
heel or trim angles when the hulls 4 are submerged. Ballast
may also be transferred between the hulls 4.
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permts the bridge 80 to be pivoted to nove its free en
platform 100 with the bridge in a substantially horizon a
ngaﬁnlze ease of transit by personnel over the bridge

2 d the fixed work platform 100. The use position of jt

illustrated in Figs. 1, 3, 5, 9, and 13. The preferred structure © he

bridge 80 and its nounting

The configuration of the working platform 10 may be varied.
It may be provided with a single deck or a plurality of decks.
In the preferred embodiment, there axe a plurality of decks
including a first or main deck 12 that extends the full length
and width of the vessel 2 and is adjacent to the upper end of
each of the six columns 8. Spaced above the main deck 12 is
a second or pipe rack deck 30 that is coextensive with the main
deck 12 and extends over the entire vessel 2. On the aft end

'of the vessel 2 there is a helideck 38 to permit helicopters

to land on the vessel 2. At the forward end of the vessel 2,
there is a forward or bow deck 48 that has a forward end
vertically aligned with the forward ends of the main ‘deck 12
and pipe rack deck 30 and a rearward extent of about 13% of the
length of the vessel 2. The portion of the pipe rack deck 30
between the helideck 38 and the bow deck 48 is open. As used
herein, including the appended claims, the term "main deck
portion" is used to mean the entire working platform 10
exclusive of the bow deck 48. The term "forward deck portion"
refers to the bow deck 48. The main deck portion may include
other decks in addition to the main deck 12, pipe rack deck 30,
and helideck 38, for example an additional deck or decks
between the main and pipe rack decks 12, 30.

The main deck structure is completely enclosed and
compartmented similar to a barge to provide the vessel 2 with
reserve buoyancy to increase the safety of the vessel 2. A
bottom plate 66 (Fig. 7A) extends over the entire underdeck
area of the main deck 12. A plﬁrality of bulkheads (Fig. 11)
extend vertically between the main deck 12 and pipe rack deck
30 éo provide an additional sealable compartmented structure.
The bulkheads include longitudinal bulkheads 14 extending the
full length of the vessel 2. The outer bulkheads 14 have
sealable access doors 15 to provide access for personnel into
the enclosed areé between the two decks 12, 30. The bulkheads
also include 1lateral bulkheads 16 -whiéh extend fully or
partially across the vessel 2 between the outermost
longitudinal bulkheads 14.
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brldge 80 vWRﬁ?ﬁﬁﬁ?ﬁé egbedimgnt,sas overall dimensions of about 308 feet
by 118 feet to provide ample space for crew quarters and

amenities and the various types of equipment, materials, and
storage required for a self-contained operation of the vessel
2; Preferably, the vessel 2 has a mud system and a brine
system that are entirely separate from each other. Referring
to Fig. 11, a large pump compartment 22 is provided at the
forward end of the main deck 12. The compartment 22 houses mud
pumps 24 and a brine pump 26. Smallexr compartments house brine
tanks 18 and mud tanks 20. Additional main deck compartments
house engines and generators, air compressors, crew quarters
and amenities, workshops, and storage. Life boats 40 are
mounted along the outer lateral edges of the main deck 12.

Slightly less than two thirds of the pipe rack deck 30 is
open. The major'portion of the open area is covered by pipe
racks 32. Underneath the helideck 38, additional crew
amenities are provided. The portion of the pipe rack deck 30
beneath the bow deck 48 includes storage areas. A plurality
of hatches, such as the hatch 34 shown in Fig. 10, are proVided
to give personnel access between the pipe rack deck 30 and the
main deck 12. '

The vessel 2 has eight anchors 42, two positioned at each
corner of the vessel 2. The anchors are positioned to provide
the eight—point anchor configuration shown in Fig. 1. This
configuration provides stable placement of the vessel 2
relative to a fixed-position work platform being serviced by
the vessel 2. Referring to Fig. 14, the anchor winches 44 are
preferably positioned.in the interior of the corner columns 8.
The anchor wires or lines 43 extend upwardly from the winches
44 in the columns 8 through anchor wire housings 46 and
fairleads 47 to the anchors 42. In Fig. 14, a single anchor
winch 44 is visible. The winch for the other anchor 42 not
seen in Fig. 14 is positioned directly behind the illustrated
winch 44.

10



novenent between the vessel 2 and the fixed platform 108; b -
operation of the vessel 2, the vessel 2 is towed to a
pur pose of erecting or dismantling or servicing a marin
thg/drilling pl atform 100 shown in Figs. 1, 3-5, and 9.
erected on piles 102 driven into the sea floor to per
platform 100 in a fixed position. As illustrated in Fig.
50 of the vessel 2 may be enployed to erect or dismantile a rig structure

:gf\r}i g?ntg;?ee?grcg\l Iﬁ%jgrg% gg‘g ?Sftt 104m'Seerna J‘lof)lngs F‘%}ges '}:\}.ggxg%gpéci&g ﬁ‘S%Ft i oned
with its bowrend 58jweowntied ont hhepfgwardnm@ cwmevelmttmmmz are
depl oyed an(’i‘hEhéré’ﬁ@@U hlaé”ﬁ?fﬂ%ﬁh@ éalsﬂuﬁ@eéotplf@u%abnofbecﬁée%é@' 2.in
proper pOSItI éf%ﬁ%@e t%e piékform 18 and off the platform 10
from the bow end to about the helideck 38. The crane 50 has
a boom 52, shown in an operational position in Figs. 1, 4, and
5. A boom rest 53 is provided to support the boom 52 when the
crane 50 is not in operation. Fig. 8 illustrates the boom 52
engaging the boom rest 53. The boom 52 is mounted to pivot on
a crane base 54. Extending downwardly from the base 54 is a
support structure for the crane that extends from the base 54
through the bow deck 48 at least to the main deck portion, i.e.
to the pipe rack deck 30. Preferably, the support structure
extends downwardly through the platform 10 to and down into one
of the corner columns 8.

The details of the support structure for the crane can best
be seen in Figs. 6, 7A-7E, and 12. As can be seen in Fig. 12,
the pivot axis of the crane 50 is aligned with the longitudinal
centerline of the column 8. The crane axis is offset from the
lateral centerline of the column 8, as shown in Fig. 6. This
offset allows optimal positioning of the crane 50 relative to
the forward end of the vessel 2 and thus to an adjacent fixed
position work platform.

Referring to Figs. 6, 7A-7E, and 12, the support structure
for the crane includes a cylindrical crane column support 56
extending downwardly from the crane base. This column support
56 extends downwardly through the bow deck 48 to a vertical
level clecse to the pipe rack deck 30. At this ilevel, a
transition portion 58 of the support structure is provided to
create an interface between the cylindrical column support 56
and the lower rectangular portion of the support structure.
'This lower rectangular portion is provided by two of the
longitudinal bulkheads 14 that extend between the main deck 12
and the pipe rack deck 30 and two forward bulkheads 60 that
also extend between the two decks 12, 30. The upper portions
of the bulkheads 14, 60 extend upwardly through the pipe rack
deck 30 to meet the transition portion 58 of the support

11
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structure. The column support 56, transition portion 58, and

bulkheads 14, 60 are integrally formed with each other and/or
éecurely joined to provide a continuous path for transmitting
forces created by operation of the crane 50 to the underlying
column 8. Preferably, each of the four bulkheads 14, 60 has
a downwardly extending portion 62 that extends downwardly into
the column 8. The opposite vertical edges 64 of the downwardly
extending portions 62 of each of the longitudinal bulkheads 14
are secured to the inner surface of the column 8, such as by
welding. This completes the force pathway from the crane 50
to the column 8. As shown in Fig. 737, the sealed bottom plate
66 of the main deck 12 interfaces with the outer surface of the
column 8.

The vessel 2 may be provided with one or more auxiliary
cranes in addition to the high capacity main crane 50. For
example, a main crane with a dynamic capacity of 150 tons is
preferably provided in conjunction with an auxiliary crane with
a capacity of 50 tons. As shown in Figs. 1, 2, 5, and 8, the
auxiliary crane 70 is preferably mounted on the pipe rack deck
30 rearwardly of and laterally opposite the main crane 50. The
auxiliary crane 70 has a boom 72 pivotably mounted on a base
74 .. A boom rest 73 is provided to support the boom 72 when the
crane 70 is not in operation. A column support 76 for the
crane 70 supports the crane on the vessel 2. Preferably, the
column support 76 extends downwardly through the pipe rack deck
30 to the main deck 12 to enhance the stability of the crane
mount and distribute the £forces created by operation of the
crane 70. The crane 70 may be operated Simultaneously with the
main crane 50. _

Another feature of the invention is a personnel bridge
mounted on the bow deck 48 laterally opposite the main crane
50. The bridge 80 has a first end pivotably mounted on the bow
deck 48, and a second free end. The columns 8 are dimensioned,
and the bow deck 48 has a height relative to the columns 8, to
permit the bow deck 48 to be substantially vertically aligned
with a fixed-position work platform being serviced by the
vessel when the hulls 4 are in a submergéd condition, such as

12
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bridge 80 between the vessel 2 and the fixed work platform 100.
The use position of the bridge is illustrated in Figs. 1, 3,
S, 9, and 13.

The preferred structure of the bridge 80 and its mounting
is illustrated in Fig. 13. A cylindrical support 82 extends
upwardly from the bow deck 48 and pivotably mounts the first
end of the bridge 80. The support 82 is provided with a
powered pivot ring 84 for pivoting the bridge 80 about the
vertical axis of the support 82. A boom hoist 86 at the upper
end of the Support 82 is provided to permit pivoting of the
free end of the bridge 80 upwardly and downwardly about an axis
defined by the point of connection between the powered pivot
ring 84 and the bridge 80. An additional pivot ring 88 is
positioned just below the boom hoist 86. The bridge 80 has two
telescoping portions and is provided with a constant tension
winch 90 and rollers 92 to provide telescoping movement and
maintain the stability of the bridge 80. A gimbal 94 is
provided at the free end of the bridge 80 to maintain the
horizontal orientation of the bridge 80 when there is relative
movement between the vessel 2 and the fixed platform 100.

In the operation of the vessel 2, the vessel 2 is towed to
a work site for the purpose of erecting or dismantling or
servicing a marine structure, such as the drilling platform 100
shown in Figs. 1, 3-5, and 9. The platform 100 is erected on
piles 102 driven into the sea floor to permanently maintain the
platform 100 in a fixed position. As illustrated in Fig. 4,
the main crane 50 of the vessel 2 may be employed to erect or
dismantle a rig structure, such as the derrick equipment set
104 shown in Figs. 1 and 3-5. For servicing, erecting, or
dismantling operations, the vessel 2 is positioned with its bow
end adjacent to the platform 100. The eight anchors 42 are
deployed and the anchor lines 43 are tightened to maintain the
vessel 2 in proper position. More specifically, Fig. 4 shows

i3
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connect the electric power, brine and mud systems of the vessel
2 to the platform 100.

For normal, i.e. relatively calm wave conditions, the crane
50 may be operated to lift and transfer loads between the
vessel 2 and platform 100 up to the full tonnage capacity of
the crane 50 to service the adjacent platform 100 while the
vessel 2 is in a surface floating condition. In moderate oxr
heavy seas having wave heights in excess of about five or six
feet, vessel and crane operations are carried out with the
vessel 2 in a semisubmerged condition in which the hulls 4 are
submerged, as illustrated in Figs. 1, 3-6, 12, and 14. To move
the hulls 4 into a submerged condition from their surface
floating towing condition, .the hulls are ballasted, preferably
by simultaneously ballasting selected ballast compartments in
each hull, to submerge the hulls 4 below the water line. In
most situations, it is optimal to submerge the hulls 4 so that
the columns 8 are submerged for approximately half their
effective height, i.e. to half the distance between the lower
surface of the main deck 12 and the upper surface of the hulls
4.

Since the effective height of the columns 8 is chosen so
that it is equal to and preferably greater than the maximum
anticipated wave height from crest to trough, the ballasting
of the hulls 4 to locate the mean water line halfway up the
effective height of the columns 8 ensures that waves with
heights up to or greater than the maximum anticipated wave
height are prevented from acting against the hulls 4 and the
working platform 10. The only portions of the vessel 2 on.
which there is motion-inducing wave action are the columns 8
and the operi truss framework between the hulls 4 and the
working platform 10. This reduces the adverse effect of wave
action on the vessel 2 and gives the vessel excellent motion
minimizing characteristics. In the semisubmerged condition of

14
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the vessel 2, the displacement of the submerged portions of the
columns. 8 and the residual displacement of the hulls ¢ are
sufficient to maintain the wvessel 2 in the floating
semisubmerged condition at the selected predetermined height.

The preferred embodiment of the vessel 2 is designed to
operate efficiently and safely in sea states haVing waves of
eleven or twelve feet in height or higher. However, even when
the vessel 2 is operating within its design limits and in its
'semisubmerged condition, there is some vessel motion responsive
to wave action due to the exposure of the columns 8 and trusses
9, 11 to the wave action. The natural period of the waves
under certain conditions may be such that there is
amplification of vessel motion which can become sufficient to
interfere with operations. In such a circumstance, it is
necessary and desirable to alter the motion of the vessel 2 by
either ballasting or deballasting the vessel 2 within
predetermined limits to submerge or emerge the vessel 2 to a
greater or lesser extent from the ideal submergence discussed
above in which the mean watexr line is at one half the effective
height of the columns 8.

The ballasting of the hulls 4 is also normally adjusted to
compensate for and winimize transverse inclinations of the
vessel 2 about its heel axis caused by crane operations. Such
inclinations are caused by sléwing or pivoting of the crane 50
about its axis in either the loaded or unlocaded condition
because of the asymmetrical location of the load and/or
counterweight. To maintain the comfort and safety of the
operating personnel and to retain the crane slewing capability,
the hull ballast compartments are selectively ballasted aﬁd
deballasted in accordance with the rotational movement of the
crane 50 to maintain the vessel heel angle within predetermined
limits. Onloading or offloading may be conducted from either
the port or starboard side of the vessel 2 or from the bow end
of the vessel 2. In each case, the ballast compartments of
each hull 4 are appropriately ballasted and deballasted to
maintain load balance and heel angles within the prescribed
limits.

15
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en the vessel 2

from the ideal semisubmerged condition to minimize wvessel
motion amplification should be carried out so that the distance
between the mean water line and either the underside of the
main deck 12 or the top of the hull 4 is not less than three
quarters of the mean wave height. For this purpose, the
effective height of the columns 8 is preferably equal to or
greater than one and a half times the mean wave heighf.

The columns 8 are located so that the hydrodynamic forces
on the columns 8 act to establish righting moments proportional
to the volumetric displacement of the submerged portions of the
columns 8 about the roll and pitch axes to locate and maintain
the metacenter of the vessel 2 above the vessel’s center of
gravity in each of the ballasting conditions discussed above.
In addition, the area and number of the columns 8 and the
distance of the columns 8 from the longitudinal and transverse
centerlines of the vessel 2 are such that there is a greater
righting moment about the transverse pitch axis than the
righting wmoment about the longitudinal roll axis when the
vessel 2 is in a semisubmerged condition.

.When the operations at a work site have been completed, the
vessel’s ballast compartments are deballasted to refloat the
vessel 2 and move the hulls 4 into a surface floating
condition. The booms 52, 72 of the cranes 50, 70 are moved
into horizontal positions resting on their respective boom
rests 53, 73. The vessel 2 is then towed to another work site
or a home port. . |

Although the preferred embodiment of the invention has been
illustrated and described herein, it is intended to be
understood by those skilled in the art that various
modifications and omissions in form and detail may be made
without departing from the spirit and scope of the invention
as defined by the following claims.
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crane 50 with ballast chambers to permit said hulls to be moved between
a submerged condition and a surface floating condition, a row
of columns supported by and extending upwardly from each said
hull, and a working platform supported by the upper ends of
said columns, said vessel comprising:

a crane mounted on said platform adjacent to an end of said
platform, said crane having sufficient capacity to 1lift loads
off said end of said platform and at least one side of said
platform and from a portion of said platform extending from
said end of said platform to at least about halfway to an
opposite end of said platform; and .

a support structure for said crane; said structure
extending downwardly from said crane, through said platform to
one of said columns, and down into said one of said columns;
and said structure interfacing with sidewall portions of said
one of said columns to transmit forces created by operation of
said crane to said one of said columns.

2. The vessel of claim 1, in which the platform includes
a first deck adjacent to the upper ends of the columns, and a
second deck spaced above the first deck; and the support
structure includes a plurality of bulkheads extending
vertically between said decks and having portions extending
vertically down into said one of said columns.

3. The vessel of claim 2, in which said bulkheads have
edge portions that are secured to inner surface portions of
said one of said columns to transmit said forces to said one
of said columns. '

4. The vessel of claim 2, in which the platform further
includes a forward deck positioned above a forward portion of
said second deck, said crane is mounted on said forward deck,
and said support structure includes a crane column support
extending downwardly from said crane through said forward deck
to said bulkheads.
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said columns aﬁd having a forward end, and a forward deck
positioned above a forward portion of said main deck portion
and having a forward end substantially aligned with said
forward end of said main. deck portion and a rearward extent
sufficiently short to leave at least about one half of said
main deck portion uncovered. .

6. The vessel of claim 4 or claim 5, further comprising
a personnel bridge having a first end pivotably mounted on said
forward deck, and a second free end; said columns being
dimensioned, and said forward deck having a height relative to
said columns, to permit said forward deck to be substantially
vertically aligned with a fixed-position work platform being
serviced by the vessel when said hulls are in a submerged
condition, and in turn permit said bridge to be pivoted to move
said free end onto said work platform.

7. The vessel of any of claims 1-5, in which said crane
is a main crane mounted on a forward corner portion of the
platform, and which further comprises an auxiliary crane
mounted on the platform rearwardly of and laterally opposite
said main crane.

8. The vessel of claim 1, in which the platform forms a
buoyant body to provide the vessel with reserve buoyancy.
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ABSTRACT

SEMISUBMERSIBLE VESSEL WITH FORWARD-MOUNTED CRANE

A drilling tender (2) has a pair of laterally spaced
buoyant hulls (4) with ballast chambers to permit the hulls to
be moved between a submerged condition and a surface floating
condition. Each hull (4) supports a row of columns (8). The
columns (8) support a working platform (10) including a main
deck (12) and a pipe rack deck (30) above the main deck (12).
A bow deck (48) above a forward portion of the pipe rack deck
(30) has mounted on a corner portion thereof a main heavy duty
crane (50). The support structure for the crane (50) extends
downwardly through the decks (12, 30, 48) and down into one of
the columns (8). Between the main and pipe rack decks, the
support structure is formed by a plurality of bulkheads. These
bulkheads have portions extending down into the column (8) to
transmit forces created by operation of the crane (50) to the
column (8). A personnel bridge (80) is pivotably mounted on
the bow deck (48) to allow its free end to be pivoted onto a
fixed-position work platfdrm being serviced by the tender (2).
An auxiliary crane (70) is mounted on the pipe rack deck (30)
rearwardly of and laterally opposite the main crane (50).

FIGURE 1
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vessel 2 is in a sem subnerged condition. When the operations at a work
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platformand froma portion of said platformextending fromsaid end of
said platformto at |east about halfway to an opposite e QT ey
platform and a support structure for said crane; s
e,ipendi ng downwardly from said crane, through said platffor
corums, and down into said one of saPdl@ol ums; and saifd str,tg:;t-mq?
olfums tot ?ns '

interfacing withgdewall portions of said one of said
forces created b eration of said crane to said one o
2. The vessel of ‘-‘l;‘\: m 1, in which the platformincludeg_a first deck
adj acent tq_the 51“):g ends of the columms, and a second deck spaced above

the first o‘ .’;“.ry\ he support structure includes a plurality of bul kheads
N KICA bet ween sai d decks and havi ng portions extending

‘:;\" | 2;(‘1?" i
‘ Q3 sai d one of said col ums.

; )
ext endi ng 5&5\ <))

vgrt ically d "$:i>;‘\
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3. The vessel of claim2, in which said bul kheads have edge portions that
are secured to inner surface portions of said one of said reelthRs—to-

transnit said forces to said one of said columms. 4 TREPQAéENEmﬁTSHEET
it CAY ‘

cliaiym 2, in which the platformfurther includes a f or war d
above a forward portion of said second deck, said crane i§ Uﬂhﬁgﬁg 8§ai
colu lﬁ t

forward deck, and said support structgygzincludes a crane
ext endi ng downwardly from said crane through said forwardjd
bul kheads. 17
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5. The vessel of claim1, in which the platforn1|ncludes a main deck
portion supported by and extendi ng over each of

L REPLACEMENT SHEET
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said colums and having a forward end, and a forward deck positioned above
“a forward portion of said main deck portion and havi ng -

substantially aligned with said forward end of said nai R E@ﬁﬁ OSHEEE a
rearward extent sufficiently short to | eave at | east abpu§ one half of [a d

A ¥

me'n deck portion uncover ed. 6. The vessel of claim$ otOFES ®5).
further conprising a personnel bridge having a first eng pivotably noun
on said forward deck, and a second 8/&28 end; said col hrms berng

di nrensi oned, and said forward deck having a height relative (o said
colums, to permt said forward deck to be substantially vertically aligned
with a fixed-position y
hulls are in a subnergéd
pivoted to nove said f

ed

FIG/D FIG.7TE



7. The vessel

of any of clains 1-5,

nmounted on a forward corner

conprises an auxiliary crane nounted on the platformrear
llaterally opposite said nain crane.
*hé platformfornms a buoyant body to provide the vessel

portion of the platform and

8. The vessel of

in which said crane is a main crane
ich further
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