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10 Claims,
1

This invention relates to a submergible foun-
dation for a drilling rig for the drilling of wells
at water locations and particularly to a sub-
mergible barge for use in drilling in open sea
areas. .

The drilling of oil wells in off-shore locations,
such as on the continental shelves. along .the
coasts of the United States in. water depths
greater than about 15 feet, is increasing greatly
in importance and creates many new and serious
problems in providing both economical and firm
and safe support for the heavy drilling rigs em-
ployed. Since such locations may be many miles
from the shore, open ocean conditions will nor-
‘mally prevail, including offen severe wind and
wave conditions, which make for great expense
and difficulty in transporting and erecting con-
ventional drilling rig foundations which are ade-
quate to meet the conditions encountered.

Drilling barges have heretofore heen employed

.with considerable success for drilling at water
Joeations where water depths are generally sub-
stantially less than about fifteen feet, that is,
depths which are sufficiently shallow so that the
barge hull need be only partially submerged to
bring it to rest upon the bottom. At greater
“water depths, such barges would present large
surfaces which would be subjected to_such buf-
feting by the winds and waves prevailing in open
ocean areas as to cause shifting of -the barge
over the water bottom, and serious damage to
the barge and the equipment mounted thereon.

Accordingly, the present invention has for its

principal objects the provision of a novel form

of submerged foundation for drilling rigs, and the:

method of operating the same, which is particu-
larly adapted for use in off-shore waters of
sreater depth than heretofore considered feas-
ible or practical for the employment of con-
- ventional drilling barges.

- In accordance with one embodiment of this
invention, a form of barge structure is provided
which is adapted to be completely - submerged
_beneath the surface of the water in open ocean
_areas. The barge is provided with a superstruc-
_ture adapted to extend above the water surface
when the barge is on: bottom and constructed
_so as to present a minimum amount of solid
-area to the buffeting action of wind and wave
normally prevailing in such areas. - The super-
. structure has mounted thereon above the normal
_wave level, the -usual .drilling derrick and its
. necessary appurtenances and - may - also have
- quarters for housing the operating crew. Be-
"cause of the relatively great height and mass
of the structure superimposed on the barge hull,
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- showing several stages during
"the barge structure;: - - -

- erally: along line.6—®6 of Fig.1; R
. “PFig. T is -a plan view similar to Fig. 6 of an~-
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which . create .serious problems of maintaining

'stability of the structure particularly during sub-
-mergence and raising:of the structure, the barge

-structure in accordance with this invention em-

‘ploys novel features of construction and a novel

method of submergerice and re-floating by which
completely safe stability is assured throughout

-the submergence and re-floating operations, and

which ‘also provides a stable drilling foundation
when at rést on the'land bottom underlying the
water body. ; : T

- Other and more spéciﬁb objects. and advan-

-tages of this.invention will become apparent from

the following detailed déseription when read in
conjunction - with - the accompanying drawings

-which illustrate useful embodiments in accord-

ance with this:invention. . .
‘In the drawings: . .. - |

" Tig. 1 is.a side elevation of ‘a barge. structure

in accordance withi one embodiment of this in-
vention.having some of the parts thereof broken
away .for - purposes.'of better - illustration and
showing the barge structure in normal floating

~position;. ~ -

_Figs.. 2, 3-and 4; are views similar to F_‘1g'.; 1
submergence of

“Fig. -5 is"a-sectionak-plan view of, the ‘interior

-0f the barge generally. along line 5—5 of Fig: 1;

Fig. 6'is a plan view looking downwardly gen-

other embodiment -in" accordance with this in-

-vention; and- - - . ¢ T T
- Fig.-8 is-an aft-end elevational view of; the
emhbodiment of Fig: 7.:. .~ : a RN

Referring first to"Figs. 1, 5 and 6, the barge

_structure comprisés a generally rectangular hol-
-low hull, indicated generally by the numeral (9,
-provided with a: conventional drilling slot i1
“extending from onhe end of the hull to the mid-
. ship portion “théreof, generally along the longi-
- tudinal axis of the hull: - The slotted end of the
“hull ‘will" hereinafter be referred to as the for-
~ward end or bow of the hull, the other end being
"termed "the -aft 'end: or stern. ~The hull is
“of more or less.generally box-like shape having:
"an upper deck 12°and a generally fiat bottom. {3
' spaced therefrom.” At one end of the hull, which
hiay bé the bow end, bottom 13 curves upwardly
. at:14 in a smooth arc, of relatively large radius,
“this shape at-an erid of- the hull bottom having
_an_important function as .will be described . in
_'greatér, detail hereinafter.. ‘The opposite end’ of
55

the hull may bé provided with an angular rake
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{5 or this may be square or of any other shape
desired. A plurality of transverse bulkheads 16
and longitudinal bulkheads 17T extend through
the interior of the hull to form a suitable num-
ber of water-tight compartments adapted,
through the introduction or removal of ballast,
such as water, to provide the required degree of
control of the buoyancy of the barge structure
in a manner to be described hereinafter. For
purposes of this description the corresponding
compartments in each of the rows extending
through the hull are designated by the numerals
(8, 19, 20, 21, 22, 23, and 24 from the forward
end. If will be understood that the number of

compartments shown in the drawings is selected j

merely for purposes of illustration and that a
greater or lesser degree of compartmentation
may be employed depending upon the size of the
barge and the degree of buoyancy control which
it may be desired to exercise.

One or more of the compartments, preferably
those in the midship portion of the hull, such as
compartments 21, may be provided with inter-
mediate liquid-tight decks 25, the portions be-
low the decks being employed for storage of fuel
oil, fresh water or other liquids, while the por-
tions above the decks may be employed to house
pumps 26 and other machinery employed par-
‘tieularly for regulating the buoyancy of the hull.
Each of the compartments is provided with suit-
able filling and emptying pipes 27 for handling
liquid ballast, such as sea water, in passage to
and from the compartments and these pipes are
connected to a suitably valved manifold 28,

which is connected to pumps 26 by which such -

ballast may be supplied to or removed from the
several compartments or transferred from one
to the other as may be required .for controlling
the buoyancy of the hull in any desired manner.
‘It will be understood that the piping arrange-
ment is merely illustrative, such ballast han-
dling systems being of widely varying form well
known to those skilled in the art. The specific
details of ballast handling systems do not, there-
fore, form an essential part of this invention.
Rigidly mounted on hull 10 and extending up-
wardly therefrom are a number of cylindrical
" steel pillars 29 of suitable length such that when
‘hull 10 is at rest on the bottom underlying a
“water body, the upper ends of pillars 29 will ex-
tend to such a height as to be above the crests
-of the waves which may normally be anticipated
"in the area in which the barge structure is to be
operated. Such pillars will normally be more or
less symmetricdlly disposed over the area of the
barge surface and will be the minimum number
required to safely support the superimposed load
of the drilling derrick and all its appurtenances
while at the same time providing an open su-
perstructure which will present a minimum
-amount of resistance to the free passage of the
waves therethrough. In general, the pillars will
be so spaced as to provide the maximum mo-
ments of inertia of their water planes relative
to the longitudinal and transverse axes of the
_hull consistent with the load supporting require-
ments of the pillars. In the illustrative embodi-
‘ment two rows of four longitudinally spaced pil-
lars 29 are arranged in parallel along opposite
sides of the barge hull, the mid-ship pairs be-
ing somewhat more closely grouped to provide
strong structural support for a derrick or other
relatively concentrated load. It will be un-
- derstood that other arrangements as well as a
_greater or lesser number of such pillars may be

[
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4

employed consistent with the above-mentioned
objectives for any particular size of barge struc-
ture and the load to be imposed thereon. The
cylindrical shape is found to be particularly ad-
vantageous in resisting the impact of the waves.
Moreover this type of construction permits the
elimination of the large number of relatively
slender columns and cross bracing elements more
commonly used in off-shore foundations of this
general type, which have been found to be eas-
ily subject to smashing or tearing out, particu-
larly in heavy weather when they are often sub-

- jected not only to the impact of great waves but

25

30

40

55

60

85

70

75

also the battering action of various kinds of flot-
sam frequently borne by the waves. Additionally,
the pillars, which will ordinarily be made 6 to
8 feet in diameter, may be made hollow to pro-
vide communication with adjacent compart-
ments so that they may be employed as trunks
to house and protect the various pipes, wires
and other control and communication elements
which must be passed between the hull compart-
ments and the drilling and operating platforms
carried on the pillars, and to provide access
thereto by operating personnel. The large cross
section and position of the pillars also contrib-
ute materially to the maintenance of the longi-
tudinal and transverse stability of the structure
during submerging operations in g manner to be
described hereinafter.

A suitable working platform 30 is mounted on
the upper ends of pillars 29 and a drilling der-
riek 31 of conventional size and shape is mounted
on platform 30 in suitable alignment with drill-
ing slot 11. A housing 32 is mounted on platform
30 aft of derrick 31 and is adapted to enclose
the engines and other machinery employed in
connection with the drilling operations and to
provide housing quarters for the drilling and op-
erating personnel.

The structure is operated in the following man-
ner, reference being first made to Fig. 1 in which
the barge structure is shown in what may be
considered to be the normal towing or floating
position on the surface of a water body W. It
will be seen that in this position the compart-
ments are only partially filled with ballast S
which will be fairly evenly distributed among the
several compartments in order to maintain the
hull in buoyant condition on a level keel and at
the proper draft for effective stability during
towing. In this condition the barge structure
will be fully stable and may be safely towed to
the desired off-shore location at which drilling
operations are to be conducted, and submerging
operations will then be begun. '

Fig. 2 illustrates the next stage of operations.
Compartments 18 will be filled with ballast while
the other compartments are emptied, either by
discharging them to the exterior of the hull or
by transferring their ballast to compartments
{8. The lower part of compartments 2f contain-
ing fuel oil, for example, may remain full with-
out seriously affecting the submerging opera-
tions, but these compartments also may be filled
or emptied as may be required for proper con-
trol of the submergence operations. Filling of
compartments 18 with contemporaneous empty-
ing of the other compartments will cause the
whole barge structure to trim by the head, that
is, the forward deck of hull 10 will, as illus-
frated, sink beneath the water surface although
its bottom will not yet have contacted the land

“bottom L, while the aft portions of the hull will

rise and remain well afloat. In this condition,
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-thé eenter of buoyancy of thé" hull, indicdted
"by the point B, will necessarily fall vertically be-

“low the center of gravity of the structure, in

di-
cated by the point G, and the structure will be

‘stable and in no danger of capsizing. The for-
“ward pillars 28, because of their appreciable dis-

placement and relatively great distance from the
longitudinal and transverse axis through the cen-

‘ter .of buoyancy, will contribute to both the

~transverse and longitudinal stability of the strue--

~ture at this stage of the operations.

Fig. 3 illustrates the next stage of operation.

‘Compartments 18 having already been filled with

- into .compartments 19 (and successively in the-

ballast, additional ballast will now be introduced

next succeeding compartments as may be neces-
sary) to further depress the bow of the hull
until its underside contacts land bottom L, as

- illustrated. It will be understood that. the in-

terior of the bow portion will be suitably struc-

- turally reinforced so as to safely support the
:loads which are necessarily imposed on it by
:this type of operation. Since one end of the

-normal condition that the center of buoyancy -

barge hull now rests upon the land bottom, the

must be vertically in line with the center of
gravity for a stable fleating body is no longer

essential because some of the weight is now rest-
-ing on the land bottom. The addition of ballast
- to the forward compartments will, in fact, move

the center of gravity forward, as illustrated,

without affecting the position of the center of

buoyancy. Accordingly, in this stage, the barge
structure will still be in completely stable con-

_dition with one end resting on bottom and the

- other still buoyant and extending above the

. water surface.

"resting on the land bottom, ballast will be pro-«

Reference will now be made to Fig. 4. In the
stage here iltustrated, with the bow of the hull

gressively admitted to the succeeding compart-
ments in the aft direction. This will cause the
hull to pivot downwardly about the curved bow
portion 14, which is in contact with the land
bottom, so that the after part of the hull will
_also- sink below the water surface. The final
“submergence of the after part of the hull is the

_most critical stage in the submergence operation

- of pillars 28 serve very useful functions.
" 'known that any hollow object, once it is com-

and it is in connection with this stage of oper-

“gtions that the curved bow portion {4 of the

hull and the hollow construction of the aft group
It is

pletely submerged, tends to sink faster and faster

because it collapses slightly due to increasing”
" external pressure,

thus its displacement is re-
duced while its weight remains constant. In
addition, because the center of gravity is con-
siderably above the bottom upon which the bow

" rests, a lever arm is formed having a -length

“ fulerum is fixed, as would be the case if the bow-

X corresponding to the distance between a ful-
~‘érum, represented by the point of -contact of
" the bow with the bottom, and a pocint on a per-

pendicular to the center of gravity G. If the

" portion was square or sharply pointed, this lever

arm would tend to lengthen as the stern of the

 hull moves downwardly and the center of grav-
" ity correspondingly moves in the aft direction

- to the position Gu.

However, because of “the
curved formation of bow portion 14, the fulcrum
or point of contact of the bow portion with the
land bottom will also move in the aft direction
as the stern of the huil descends, and the new

i lever arm ‘X1 increases in length -only very

16
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30

_pivots around this contact,

s

- glightly, if at all, thus making the intermediateé

submergence conditions relatively longitudinally

- stable .and preventing runaway sinking. - Runa-
~way sinking is additionally prevented by -the

position and appreciable cross-section :of .the
group of pillars 29 on the after part of the hull

- Tt will be seen that as the barge hull submerges,
~these pillars will necessarily displace increasing
“yolumes and, therefore, a corresponding amount
10.

of -ballast must be admitted to the after com-
partments to. overcome the buoyant effect -of

“ these pillars, thereby again tending to stabilize
longitudinally the
. conditions and requiring definite additions of

intermediate submergence

ballast to cause the hull to move down from stage
to stage.

W ;,During-_the final stage of the sinking, lateral

stability is obtained partially due to the.trans-
verse moments of inertia of the water planes
of the columns about the longitudinal axis and
partlally by the rounded bow ends resting firmly
on the bottom. Since the sea bottom at -the
maJor1ty of drilling sites is soft mud, then in
order that the lateral support contributed by
the bottom -be a maximum, the bow must be
of such a shape that it will continually form-a
good. seat in the soft mud as the sinking barge
For this reason the
vertical profile of the bow 1s a convex curve with

.large radii. of. ecurvature 1n contrast to the an-

gllar shape of the rake of drilling barges here-
tofore employed.
When the barge. structure has thus been sub-

',merged and landed on bottom, the weight of the

35

ballast and the weight carried by the superstruc- -
ture will prevent its movement over the land

.bottom and provide a firm safe foundation for

. conduct of the desired drilling operations.

40

When drilling operations have been completed,
the barge structure may be re-floated by revers-

_ing the procedure described previously. That

is, the ballast will be removed from the aft com-

_partments allowing the stern portion to rise to

45

the surface while the bow portion remains in

contact with the land bottom. With the stern

afloat and the bow on bottom, the structure will

“be entirely stable, and as the forward compart-

50

ments are emptied of ballast in progression from

stern to bow, the bow portion will be allowed to
rise until the ‘whole structure is again afloat in
the position illustrated in Fig. 1. It will be

’ understood that as the hull rises the ballast will

55

80

be suitably trimmed in the several compartments

to bring the structure to'an even keel when fully

" afloat.

With the hull fully submerged, as described,

‘the open construction of the superstructure, as

formed by the relatively few widely spaced cylin-
dr1cal pillars 29, will allow free passage of the
waves through the structure below the elevated
platform and thus eliminate or greatly obviate
the dangers normally inherent in presenting flat

“'golid surfaces to the waves and winds prevailing

66

70

in the open ocean. Furthermore, owing to the
relatively small, area of the water plane of pillars
29 at the water line, changes in sea level, such as
those due to waves and tides, will have very little
effect upon the displacement and will not tend to
lift the barge during high water or place excessive
load on the bottom when the water line drops.
From the foregoing description it will be evi-

- dent that this invention provides a novel form of

barge structure which can be safely and efficiently

- submerged to form a stable drilling foundation;

8

which can be safely employed in open ocean areas
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7
and which may be raised and moved to other loca~
tions all with a minimum of expense and effort.
Barge structures in accordance with the above-
described embodiment may be employed with
complete safety in water depths up.to at least
one-half the width of the barge. The forward
tilt of the structure during submergence and rais-
ing is only a minor factor for consideration in the
use of this invention. It will readily be seen that
if a barge 160 feet long and 60 feet wide, a con-
servative size for drilling platforms, having a
hull 15 feet in depth and a normal draft of 5 feet
when afloat, is employed in water 30 feet deep, the
maximum tilt of the structure will be approxi-
mately 8 degrees, an angle which is entirely safe
for structures of the kind described.
In water depths greater than about 30 feef,
- the necessarily increased over-all height of the
superstructure and its super-imposed drilling

derrick and other equipment may so increase the *

total height of the structure that the structure
may become transversely unstable when resting
on a very soft bottom, although entirely stable
while afloat.

Figs. 7 and 8 illustrate another embodiment
designed to meet such a contingency. In this
embodiment a pair of hull sections 35 are built
onto opposite sides of the after end of hull 10.
These sections are designed to form lateral ex-
tensions of this portion of the hull which, when
on bottom, will serve to increase the normal area
and width of the hull and thereby improve the

" on-bottom stability of the structure. These sec-
tions 35 will also assist in the submerging opera-
tion by increasing both the longitudinal and lat-
eral stability because they remain above water
with the rest of the after end until the forward
end has come to rest firmly on bottom. It will
be understood that hull sections 35 may be suit-
ably compartmented and provided with suitable
ballast-supplying and emptying gear so that they
may be operated as an integral part of the after
end of hull {0 during submerging and raising
operations. If necessary or desirable, a similar
pair of sections 36, shown in broken lines in
Fig. 7, may be similarly built onto opposite sides
of the forward end of hull (0 to increase its
lateral width and supporting area at that end.
The added sections 35 and 36 may be made de-
tachable in order that they may be removed when
necessary to permit the barge structure to trav-
erse narrow water which will not accommodate
structures having the full width of hull 10 plus
the added sections, or to facilitate docking. of the
structure.

It will be understood that various alterations
and modifications may be made in the illustrative
embodiments of this invention and in the method
of operation herein described without departing
from the scope of the appended claims but within
the spirit of this invention.

What I claim and desire to secure by Letters
Patent is:

1. A submergible drilling barge, comprising, a
hull of generally rectangular shape adapted to be
completely submerged in a water body, one end of
said hull being curved upwardly from the bottom
thereof in a convex curve of relatively large radii
of curvature, a plurality of generally symmetri-
cally spaced hollow cylindrical pillars extending
upwardly from said hull and adapted to form
buoyant extensions thereof, the length of said
pillars being such as to extend substantially above
the normal surface level of said water body when
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“said hull is resting on the bottom thereof, a plat-

form. structure: mounted on the upper ends of
said pillars, and means for controllably regulating
the buoyancy of said hull.

2. A submergible drilling barge, comprising, a
hull of generally rectangular shape adapted to be
completely submerged in a water body, one end
of said hull being curved upwardly from the bot-
tom thereof in a convex curve of relatively large
radii of curvature, a plurality of generally sym-
metrically spaced hollow cylindrical pillars ex-
tending upwardly from said hull and adapted to
form buoyant extensions thereof, the length of
said pillars being such as to extend substantially
above the normal surface level of said water body
when said hull is resting on the bottom thereof,
a platform structure mounted on the upper ends
of said pillars, and means for controllably regu-
lating the buoyancy of said hull, said means com-
prising a plurality of separate ballast compart-
ments arranged- transversely and longitudinally
throughout the interior of said hull, and means
for transferring liquid ballast to and from
selected ones of said compartments.

3. A submergible drilling barge, comprising, a
hull of generally rectangular shape adapted to be
competely submerged in a water body, said hull
having a relatively flat bottom having one end
curving upwardly in a convex curve of relatively
large radii of curvature, a plurality of generally
symmetrically spaced hollow cylindrical pillars
extending upwardly from said hull and adapted
to form buoyant extensions thereof, the length
of said pillars being such as to extend substan-

-tially above the normal surface level of said wa-

ter body when said hull is resting on the bottom
thereof, a platform structure having a well drill-
ing rig thereon mounted on the upper ends of
said pillasrs, and means for controllably regulating
the buoyancy of said hull, said means compris-~
ing a plurality of separate ballast compartments
arranged  transversely and longitudinally
throughout the interior of said hull and means
for transferring liquid ballast to and from se-
lected ones of said compartments.

4. A submergible drilling barge, comprising, a
hull of generally rectangular shape adapted to be
completely submerged in a water body, one end
of said hull being curved upwardly from the bot-
tom thereof in a convex curve of relatively large
radii of curvature, a plurality of generally sym-
metrically spaced hollow cylindrical pillars ex-
tending upwardly from said hull and adapted to
form buoyant extensions thereof, the length of
said pillars being such as to extend substantially
above the normal surface level of said water
body when said hull is resting on the bottom
thereof, a platform. structure mounted on the
upper ends of said pillars, a pair of hull sections
of lesser length than said hull affixed to opposite
sides of said hull at one end thereof to form lat-
eral extensions thereof, and means for control-
lably regulating the buoyancy of said hull.

5. A submergible drilling barge, comprising, a
hull of generally rectangular shape adapted to
be completely submerged in a water body, one
end of said hull being curved upwardly from the
bottom thereof in a convex curve of relatively
large radii of curvature, a plurality of pillars ex-
tending upwardly from said hull adapted to form
buoyant extensions thereof and suitably spaced
relative to the longitudinal and transverse axes
thereof to increase the longitudinal and trans-
verse stability of said hull, the length of said
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pillars being such as to extend substantially above
the normal surface level of said water body when
said hull is resting on the bottom thereof, a plat-
form structure mounted on the upper ends of
said pillars, and means for controllably regulat-
ing the buoyancy of said hull.

6. The method of completely submerging a
drilling barge in a water body, comprising, sub-
merging one end of said barge while maintain-
ing the opposite end of said barge in buoyant
condition and extending above the surface of
said water body until said one end is in contact
with the underlying land bottom, and thereafter
progressively submerging successive after por-
tions of said barge until the entire barge has
been submerged and brought to rest on said land
bottom.

7. In the method set forth in claim 6, reversing
the sequence of the steps set forth therein in
order to re-float said barge.

8. In a drilling barge having a hollow gen-
erally rectangular hull divided into a plurality
of ballast compartments extending from end-to-
end thereof, the method of completely submerg-
ing said barge in a water body, comprising, in-
troducing ballast into the compartments in one
end of said hull while maintaining the compart-
ments in the opposite end of said hull in buoyant
condition and extending above the surface of said
water body until said one end has been submerged
into contact with the underlying land bottom,
and thereafter introducing ballast into succeed-
ing ones of said compartments progressively to-

10
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10
ward said opposite end of said hull to effect sub-~
mergence thereof while said one end remains in
contact with said land bottom.

9. In the method set forth in claim 8, reversing
the sequence of steps set forth therein in order
to re-float said barge.

10. In a drilling barge having a hollow hull of
generally box-like shape having one end curving
upwardly from the bottom thereof in a convex
curve of relatively large radii of curvature, the
method of completely submerging said hull in a
water body, comprising, submerging the curved
end of said hull while maintaining the opposite
end of said hull in buoyant condition and ex-
tending above the surface of said water body
until said curved end is in contact with the under-
lying land bottom, and thereafter progressively
submerging successive after portions of said hull
to thereby effect downward rotation thereof about
said curved end until the entire barge has been
submerged and brought to rest upon said land
bottom. .
JOHN T. HAYWARD.
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