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UNDERWATER STORAGE APPARATIS

Charles E, Young, New Orleans, La., assigner, by direct
and mesne assignments, of fifty percent each to Philliss
Petrolenm Co., Bartlesville, Gkla., a corporation of
Delaware, and J. Ray MeDermott & Co., Inc., Houston,

Tex., a corperation of Delaware

Filed Mar. 14, 1969, Ser, Mo. 14,597
18 Claims, (Cl, 61—45)

This invention relates to the storage of fluids and
more particularly to improved apparatus for storing, un-
der a body of water, water-immiscible liquids which are
lighter than water, the invention finding particular ap-
plication in submerged off-shore storage of oil.

In recent years, there has been a marked increase in
the off-shore production of oil, that is, from wells drilled
through the floor of the ocean or of a lake, and a con-
current increased demand for adequate oil storage facili-
ties has resulted. While various types of floating or
above-water tank systems have been employed, it seems
to be accepted in the trade that underwater or submerged
storage facilities would be more satisfactory. The main
advantage contemplated for underwater storage, as com-
pared to orthodox sterage, is economy. Above-water
storage facilities, at the site of the off-shore well, require
a supporting platform, a basic structure which is itself
extremely expensive. Thus, the cost of a production plat-
form without tankage approximates half a million dol-
lars, a base figure to which the cost of the tanks and re-
lated apparatus would be added. Costs of off-shore
above-water storage facilities, constructed new, are cur-
rently estimated above $50/barrel of capacity. On the
other hand, the cost of submerged facilities, disposed at
the floor of the body of water, is projected, by those in
the industry, at about half of the usual cost for above-
water tankage.

Despite the fact that the desirability of underwater
storage is accepted by those in the trade, no commercial
installation of submerged storage facilities for off-shore
oil production has as yet been made.

One reason for failure of the industry, as yet, to un-
dertake construction of an underwater storage facility
off-shore is the fact that the storage tanks, being sub-
merged at substantial depths, up to 150 feet or more, will
be subjected to great external forces under normal weath-
er conditions and must withstand far greater external
pressures during heavy weather, particularly under hur-
ricane conditions, because of the fact that waves, travel-
ling over the area in which the tanks are submerged,
will temporarily increase the water depth by as much as
fifty feet. Such externally applied pressures present the
most serious problems in the design of hollow vessels.
The design of a practical underwater storage facility
also presents other problems, particularly in securing the
structure to the floor of the body of water and in provid-
ing for positive and dependable discharge of the stored
liquid.

A general object of the present invention is to devise
an undeirwater storage apparatus which is practical for
use in off-shore storage of oil and which provides satis-
factory solutions for those problems which heretofore
have prevented actual comstruction and installation of
such an apparatus.

Anotker object is to provide an underwater storage
apparatus comprising submerged tank means and in-
cluding means for introducing water thereto to displace
stored liquid, the apparatus being so constructed that
pressures are applied internally to the submerged tank
means, such internal pressures being greater than those
applied externally to the tank means by the body of
water in which the apparatus is installed.
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A further object is to devise novel means, in such an
apparatus, for establishing a predetermined hydrostatic
head and applying the same to accomplish both discharge
of stored liquid and internal pressurizing of the sub-
merged storage tank means. In this connection, a still
further object is to provide means for automatically lim-
iting such hydrostatic head.

Yet another object is to provide an apparatus of the
type described which, when installed, is secured rigidly
to the floor of the ocean or other body of water, the
manner of installation being such that mounting of the
apparatus is substantially independent of the nature and
grade of the floor of the body of water.

Another object is to provide an improved apparatus
of the type described characterized by great resistance
to forces applied to the apparatus by waves, high winds,
etc. In this connection, the apparatus is easily construct-
ed in accordance with the invention to withstand the
effects of a maximum hurricane.

A further object is to devise such an apparatus which
can be completed on shore, floated and towed to the
installation site, the apparatus being stable when floated.
It is also an object of the invention to construct the ap-
paratus in a fashion such that it can be installed with rela-
tive ease by use of a floating crane.

A still forther object is to provide a relatively eco-
nomical underwater storage apparatus including a work
platform disposed above the surface of the water, sup-
port for the platform being provided by portions of the
storage tank means in such manner that the necessity
for the usual platform-supporting structure is eliminated.

In order that the manmer in which these and other
objects are attained, in accordance with the invention,
can be understood in detail, reference is had to the ac-
companying drawings, which form a part of this specifica-
tion, and wherein:

FIGS. 1 and 2 are side elevational views of an under-
water storage apparatus constructed in accordance with
one embodiment of the invention;

FIG. 3 is a view partly in horizontal section on line
33 of FIG. 1 and partly in top plan elevation;

FIG. 4 is a diagrammatic illustration of the embodi-
ment of the invention seen in FIGS. 1-3, illustrating the
interior arrangement of the apparatus and the manner
in which liquids are handled therein;

FIG. 5 is a fragmentary transverse vertical sectional
view taken on line 5—5 of FIG. 2;

FIG. 6 is a simplified top plan elevational view of ap-
paratus constructed in accordance with another em-
bodiment of the invention; and

FIG. 7 is a side elevational view of
FIG. 6.

Referring now to the drawings in detail, and first to
FIGS. 1-5 thereof, it will be seen that the embodiment
of the invention here illustrated is an apparatus for un-
derwater storage of oil in an off-shore location. The
apparatus comprises a horizontally extending base tank
structure indicated generally at 1 and rigidly secured to
the floor F of the ocean or other body of water by piles
2 in a manner hereinafter described in detail. Mounted
on base tank structure 1 is an upright tank structure
indicated generally at 3, the upright tank structure in-
cluding a cylindrical portion 4, which is of larger di-
ameter and is mainly submerged and a smaller top por-
tion 5 disposed in ifs entirety at a substantial distance
above the mean surface level § of the ocean or other
body of water. Centered with respect to and securely
mounted on top portion § of the upright tank structure
is a horizontally extending work platform or deck in-
dicated generally at 6.

As best understood from FIGS. 2 and 3, the base tank
structure 1 comprises a pair of elongated ¢ylindrical tank

the apparatus of
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portions 7 spaced apart and extending horizontally in
parallel relation, the two tank portions 7 being connected,
at their midpoints, by a cross tank portion § which is
in the form of an elongated cylinder, tank portions 7
and 8 all having the same diameter. ~ Tank portions 7
being paraliel, and tank portion 8 being joined to the
midpoints of portion 7 and being at right angles to
those tank portions, it will be understood that the three
tank portions define an H, as seen in FIG. 3, with the
plane of the H extending horizontally. As will be clear
from FIG. 2, tank portions 7 are enclosed at sach end
by closure plates 8. The ends of tank portion 8 are
welded at 19 to the corresponding tank portion 7, along
lines defining the right angle intersection between two
identical cylinders, and the tank portions 7 are provided
with lateral openings aligned with tank portion 8, so
that the interiors of all three tank portions 7 and 8 are
in mutual communication. These tank portions being
constructed in completely fluid-tight relation, it will be
seen that they combine to form a horizontally extending
hollow base tank structure of substantial capacity.

Horizontally extending tubular cross braces 11 extend
between and rigidly intercomnecting the corresponding
ends of the two tank portions 7. To increase rigidity
of the structure, additional tubular diagonal braces 12
are provided, as seen in FIG. 3. Centered on each end
of each tank portion 7 and rigidly secured thereto is a
vertically extending tubular pile guide or skirt 13, FIGS.
1 and 2, each guide 13 having an upwardly and outwardly
flaring top portion 14. Across each tank portion 7
from cross tank portion 8 are provided two centrally
disposed, spaced tubular vertically extending pile guides
or skirts 15, each having an upwardly and outwardly
flared top portion 16, the guides 15 each being rigidly
attached to the side wall of the corresponding tank por-
tion 7, as by the rigidly welded bracing indicated generally
at 17, FIG. 2. From FIG. 3, it will be noted that the
pile guides are arranged in pairs opposed along straight
lines which extend through the geometric center of the
H defined by tank portions 7 and 8. Each guide 13,
15 accommodates a different one of the piles 2, the piles
extend for a substantial distance below the guides into the
solid formation of the flow of the ocean or other body
of water and each pile is grouted to its surrounding guide
member. . :

As best seen in FIG. 2, the lower portion 4 of upright
tank structure 3 intersects cross tank portion 8 of the
base tank structure at the center thereof, portion 4 of
the upright tank structure having the same diameter as
does tank portion 8 and the two cylinders being joined
rigidly together by welding along lines 18; FIG. 2. Tank
portion § is provided with an upwardly facing opening
directed toward the interior of the upright tank structure
3, so that the interiors of the base tank structure and the
upright tank structure are in communication. In addition
to being supported by its welded connection to the base
structure, upright tank structure 3 is provided with a
plurality of tubular brace members 19 each connected
at one end to a point on the side of the upright tank
structure which is below the mean surface level S of
the body of water and at the other end to the base tank
structure at its upper end and at its lower end. Thus,
as seen in FIG. 3, four of the brace members 19 extend
downwardly and outwardly each to a different end of
the parallel tank portions 7, while four others of the
brace members 19 slant downwardly and outwardly to
framing 17, each brace member 19 terminating at iis
lower end immediately adjacent to a different one of the
pile guides.

Platform 6 can be of any suitable construction pro-
viding a rigid horizontal work surface of substantial
extent. In this embodiment, the platform is shown as
having a square plan shape, the center of the platform
being attached, by any suitable base structure 28, FIG.
2, to the top of portion 5 of the upright tank structure
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3. Plaiform 6 is shown as including three rigidifying
I-beams 21 and suitable braces 22 exiend between the
I-beams and top portion 5 of the upright tank structure.

Portions 4 and 5 of the upright tank structure are
connected by an intermediate tubular portion 23 of frusto-
conical form, the arrangement being such that the junc-
tion between portions 5 and 23 is spaced a substantial
distance above the mean surface level S. As will be
clear from FIG. 4, a transverse bulkhead 24 extends
across the interior of upright tank structure 3 at the junc-
ture between portions 5 and 23. Bulkhead 24 is so
constructed and attached to the walls of tank structure
3 as to be effective to define the interior of the upright
tank structure into separate chambers, one extending in
uninterrupted fashion downwardly to communicate di-
rectly with the interior of the base tank structure and
the other, indicated at 25, extending upwardly to platform
§. Platform 6 carries suitable pump means cmployed to
take water from the ocean or other body of water in
which the base tank structure is submerged and supply the
water so taken to the chamber 25. Thus, in the present
embodiment, the invention employs a diesel engine pow-
ered turbine pump indicated generally at 26, the pump
having an intake 27, FIG. 4, extending into the ocean or
other body of water and an ocutlet 28 extending into the
space in portion 5 of the upright tank structure above
bulkhead 24. While suitable inlet conduiting can be
mounted in various fashions, it is advantagecus to extend
the same downwardly within upright tank structure 3, as
will be clear from FIG. 1, the intake conduiting extend-
ing through bulkhead 24, via a sealed joint, and terminat-
ing at its lower end in at least one laterally projectinz
portion communicating with the exterior of the upright
tank structure via an inlet opening 29, the opening 29
being located well below the mean surface level S.

To provide for supply of oil to the interior of the tank
structure, and for discharge of the oil, the apparatus in-
cludes a duct or pipe 38, FIG. 4, extending downwardly
through platform §, through the interior of top portion 5
of the upright tank structure and projecting through bulk-
head 24, so as to open into the space within tank struc-
ture 3 below bulkhead 24, the lower end of duct 36 being
sealed in fluid-tight fashion to bulkhead 24 in any con-
ventional fashion. A suitable flow meter 31 is connected
in duct 30 and, on the outboard side of the flow meter, duct
39 is connected to an oil supply line 32 and an oil unload-
ing line 33. The supply line 32 is provided with a man-
ually-operated shut-off valve 34 and an automatic shut-
off valve 385, the two valves being in series and the auto-
matic valve being controlled in response to the level of
stored oil within the tank structure in any suitable fashion.
Unloading line 33 is provided with suitable valving, as in-
dicated at 36. A suitable control valve 37 is connected be-
tzwen the pump 26 and the outlet end of discharge conduit

8.

Still referring to FIG. 4, chamber 25 communicates with
the lower portion of the interior of base tank structure 1
via a vertical conduit 38, the upper end of which extends
through bulkhead 24 and is scaled thereto. Conduit 38
extends downwardly through the interior of portion 5 of
upright tfank 3, terminates adjacent the bottom wall of
cross tank portion § of the base tank structure 1 and is
there connected to a horizontally extending water dis-
charge manifold -32. The manifold 3% extends for sub-
stantially the full length of cross tank & and is provided
with a plurality of downwardly opening outlets 40 spaced
uniformly along the length of the manifold.

From FIG. 4, it will be noted that no upper closure
member, other than such closure means as may be em-
ployed to mount platform 6, is employed to define the top
of chamber 25. Rather, portion 5 of the upright tank |
structure is provided with a laterally extending overflow
pipe 41 projecting from the upright tank structure, and
communicating with the interior thereof, at a predeter-

5 mined point spaced above the bulkhead 24.
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From the foregoing, it will be apparent that both the
base structure 1 and that portion of the upright tank struc-
ture 3 below buikhead 24 define oil storage space. That
portion of the interior of top portion 5 of the upright tank
structure between bulkhead 24 and discharge pipe 41 con-
stitutes a separate chamber, to which water from the body
of water can be supplied by the pump means 26 and which
chamber is in comnmunication directly with the lower por-
tion of the interior of the base tank structure. It will also
be noted that the base and upright tank structures com-
bine to rigidiy support all portions of the apparatus lo-
cated above water, particularly including the work plat-
form 6 and the equipment and facilities mounted thereon.
It is accordingly necessary that the apparatus be so mount-
ed on the floor of the oczan or other body of water, and
be so constructed, that the entire apparatus constitutes a
rigid assembly.

In this connection, it will be understood that the various
tanks are of heavy construction and are adequately re-
inforced to provide the necessary rigidity, Thus, for ex-
ample, FIG. 5 shows in detail a typical arrangement for
stiffening the horizontally extending tanks and for rigidify-
ing the tank structures in those areas where two tank por-
tions are joined together. Here, a circular stiffening ring
42, having the transverse cross-sectional shape of an I, is
welded or otherwise rigidly attached to the inner surface
of the cylindrical tank wall, the ring 42 lying in a plane
at right angles to the longitudinal axis of tank portion 8
and being disposed at one side of the juncture between tank
portion 8 and the bottom of the upright tank structure,
Within the ring, a plurality of generally radially extending
rigid tubular braces 43 are provided, welded together at
the center of tank portion 8 and welded to ring 42 at their
outer ends. Limber holes (not shown) can be provided
in the main web of ring 42, when and as required. Simi-
lar stiffening rings are provided at spaced points along
the tank structures, as indicated at 42’,

Where two such stiffening rings are provided one on
each side of a juncture between two tank portions, the
two rings are connected together by a plurality of rigid
tubular members 44, FIGS. 3 and 5, which extend axially
of the tank portion containing the two stiffening rings. In
each such case, the members 44 are spaced arcuately across
the opening between the two joined tank portions. Thus,
in the case illustrated in FIG. 5, members 44 are spaced
across the opening in cross tank portion 8 at the juncture
between that tank porticn and the upright tank structure.
It will thus be seen that the combination of two stiffening
rings 42 and the members 44 constitutes means for rigid-
ifying tank portion 8 in the area of the opening therein

which provides communication with upright tank struc- °

ture 3.

In order that the structural members can be simply
fabricated, yet made adequately rigid, flat wall members
such as the end plates 9 and the bulkhead 24 are fabricated
of heavy plate and provided on at least one surface with
a plurality of stiffening flanges (not shown).

It will be seen that all of the tank portions are of cylin-
drical shape and thus are inherently adapted to provide
maximum resistance to internal forces. Since all of the
junctures between the tank portions involve attachment
of like cylinder bodies in right angle disposition, su‘ch
junctures are inherently rigid and do not require special
joint constructions.

While this embediment is illustrated as resting at least
substantially on the ocean floor, it is to be understood
that all vertical forces involved are assumed directly by
piles 2, which piles extend through the soft overburden
of the floor into the underlying hard and stable formation.
Since the piles are distributed uniformly around the pe-
riphery of the base tank structure and are grouped sym-
metrically, all vertical forces involved are transferred to
the stable formation of the floor of the body of water
directly and uniformly via the piles.

The apparatus is completed on shore and then floated
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and towed to the off-shore site of installation. In this con-
nection, it will be noted that when empty or when supplied
with some water as ballast, the structure is of such nature
as to float in stable condition, so that difficulties of towing
are minimized. Completion of the apparatus on shore in-
cludes attachment of the pile guides 13, 15. At the site
of installation, the entire structure is handled by a float-
ing crane, the structure being initially partially filled with
water, by operation of pump means 26, so that the struc-
ture begins to sink. With the floating crane now support-
ing the structure, additional water is pumped in and the
structure is lowered, continuously under control of the
crane, until it reaches its desired position at the floor of
the body of water in which it is to be submerged. With
the structure positioned as desired, the piles 2 are now
driven through guides 13, 15 and rigid mounting is ac-
complished by grouting between the guides 13, 15 and the
piles 2. Tt will thus be clear that proper mounting, in-
volving rigidly securing the apparatus as a nnit to the hard,
stable formation of the floor of the body of water, in no
way depends upon the surface characteristics and grade of
the floor. It is not necessary that the base tank structure
rest directly upon the floor, nor is it required that the base
structure directly engage a hard floor surface. . Thus, the
surface of the floor of the body of water may be mud, or
the like, so that the base tank structure actually sinks
therein. Also, it is practical to have the base tank struc-
ture spaced somewhat above the floor, where such an ar-
rangement is desirable or convenient, since it is the piles
and not the surface of the floor which support vertical
loads. It will also be obvious that, after installation, the
floor of the body of water may scour away beneath the
base of the structure without any adverse efiect on the
apparatus.

Because of the manner in which the apparatus is rigidly
secured to a hard formation of the floor of the body of
water by piles 2 and skirts 13, 15 and because the entire
tank structure is rigid and stable, the apparatus when
installed is capable of resisting tremendous forces, whether
those forces be directed vertically or horizontally, 1t is
feasible to construct an apparatus in accordance with this
embodiment of the invention which will withstand the
effect of hurricane forces without the necessity of unusual-
ly expensive design features.

While provision for resistance to forces applied directly
by wind, waves and the like, is an important consideration,
it is perhaps more important to assure that the base tank
structure, and that portion of the upright tank structure
which is deeply submerged shall not be collapsed as a re-
sult of certain increases of exteriorly applied hydrostatic
pressure during the passage of large waves, such as hurri-
cane waves, over the site of installation. In this connec-
tion, if it be assumed that the base tank structure is on
the order of 100-150 ft. below the mean surface level
of the ocean or other body of water, it is obvious that a
very significant increase in the hydrostatic head applied
to the base tank structure will occur during passage of,
for example, a 50 ft. hurricane wave. To protect the
structure from damage as a result of such 2n occurrence,
all portions of the tank structure which are submerged are
internally pressurized to provide an internal pressure
substantially greater than the pressure applied externally
to the structure by the body of water in which it is sub-
merged. This is accomplished because of the hydrostatic
head established by introducing water to chamber 25 and
communicating it to the interior of the device via conduit
38 and manifold 39, is substantially in excess of the hydro-
static head applied exteriorly by the ocean or other body
of water. In this connection, chamber 25 is disposed at
a substantial distance above the mean surface level S, As
a typical example, the bulkhead 24 may be located 20
ft. above the mean surface level and the overflow pipe 41
10 ft. above the bulkhead. Obviously, these locations
can be selected in accordance with the requirements in-
volved in each particular installation, to give a greater or
lesser hydrostatic head for application interiorly to the
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tank structures. It is to be noted that the location of the
overflow pipe 41 provides a simple means for seiting a
maximum limit on this hydrostatic head without requiring
special control of the pump means 26 during supply of
water to the chamber 25. All portions of the tank struc-
ture being cylindrical, maximum resistance to internal
pressures is easily provided; hence, internal pressurization
substantially in excess of the externally applied pressures
is feasible without the use of expensive constructions.
Assuming that the apparatus has been securely mounted
on the ocean floor, or on the floor of a lake or other body
of water, in the manner hereinbefore described, operation
of the apparatus in use is as follows: oil is supplied via
conduit 3¢ and enters the top of portion 4 of upright tank
structure 3, that is, the portion of the upright tank struc-
ture immediately below bulkhead 24. . As the eniry of
oil progresses, water exhausts, via manifold 39 and duct
38, into chamber 25, and outwardly to discharge via the
overflow pipe 41. Supply of oil is continued until the in-

terface between the oil and water reaches a point in base ¢

tank structure 1 just above the manifold 39. The supply
of oil is then terminated either by operation of manual
valve 34 or by automatic operation of valve 35." The ap-
paratus can now be considered to be full insofar as oil
storage 1s concerned.

At this stage, it is to be noted that, while the hydrostatic
head within the tank structures has decreased somewhat
(since heavier water has been displaced by lighter oil),
the hydrostatic pressure within the tank structure is still
maintained at the desired high level because of mainte-
nance of the substantial volume of water in chamber 25.

Assuming that oil is now to be discharged, valves 36
in unloading line 33 are opened and pump means 26 is
operated to continuously supply water from the ocean
or other body of water into chamber 25, the water being
supplied by the pump means at a rate at least equal to the
desired rate of oil discharge. This supply of water is
continued, the water flowing downwardly through conduit
38 and discharging by manifold 3% until the desired quan-
tity of oil has been removed from the apparatus. The
valves 36 are then closed and operation of the pump
means terminated. During such operation, any excessive
supply of water to chamber 25 is compensated for by the
presence of overflow pipe 41.

From a consideration of FIGS. 3 and 4, it will be ob-
served that the interior volume of that portion of the
apright tank structure below bulkhead 24 is substantially
smaller than the interior volume of the base tank struc-
ture 1. In actual installations, the interior volume of the
base structure may be, for example, three times that of
the portion of the upright tank strocture below the bulk-
head. This relationship is advantageous when considering
the fact that the rate at which oil is discharged during op-
eration of the apparatus depends upon the overall hydro-
static head applied within the tank structure. With the
apparatus designed as just described, variations in flow
rate can be held below 10% during discharge of up to 75%
of the total oil stored.

Considering practical design limitations, storage appa-
ratus can be constructed in accordance with this embodi-
ment of the invention to have relatively large storage ca-
pacities. Thus, with tanks 7 being 22 ft. in diameter and
110 ft. in length and spaced 60 ft. apart on centers; and
with the vertical tank structure rising to an overall height
of about 150 ft., the apparatus will have a storage ca-
pacity of approximately 24,000 barrels.

Tt is also to be noted that the apparatus provides ade-
quate support for a work platform which can be of very
substantial horizonial extent. This is an important eco-
nomic consideration in view of the fact that the presence
of a stable work platform is highly desirable, if not essen-
tial, at the site of a producing off-shore well. In this
connection, the cost of constructing a conventional. off-
shore platform is very considerable,’ frequently running
to a figure on the order of a million dollars, which
amounts to a predominant proportion of the total cost
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of the underwater storage apparatus illustrated in FIGS.
1-5. Thus, with the present invention, an effective and
dependable underwater storage facility, also providing
adequate plaiform space, can be provided for little more
than the cost of a conventional off-shore platform.

The apparatus is also advantageously provided with a
laterally disposed boat landing platform, as indicated gen-
erally at 45, FIGS. 1 and 2. Platform 45 is mounted in
any suitable fashion directly on the top portion of lower
section 4 of upright tank structure 3. Suitable ladders,
stairways or the like, indicated at 46, are provided in
order that personnel may gain ready and safe access to
the main platform or deck 6.

Service platform 6 is of substantial extent and is rigid-
ly supported. Any desired components of the apparatus,
and any other apparatus desired, can be provided on the
platform. Under normal circumstances, the platform
will support, in addition to the pump means 26, a plurality
of swinging booms or “stifflegs” 47 for supporting and
manipulating the loading cr discharge lines or hoses.
The platform will also ordinarily support the usual skim
tank, a diesel electric generator, separator and test units,
personnel quarters, and the like.

While the construction illustrated in FIGS. 1-5 is
particularly advantageous, it will be understood that the
apparatus may have various other configurations without
departing from the scope of the invention. Thus, in-
stead of employing a base tank structure of H configura-
tion, various other configurations are practical. As seen
in FIGS. 6 and 7, the apparatus can comprise a base
structure 191 mounted on the floor of the ocean or other
body of water by piles 192, in the same manner de-
scribed hereinbefore, and may include two upright tank
structures 163, each supporting a horizountally extending
plaiform 166. In this embodiment, the base tank stiuc-
ture 191 includes two elongated, spaced, parallel, cylin-
drical tank portions 147 joined by three cylindrical cross
tank portions 198, the interiors of all of the tank por-
tions 197 and 108 being in communication with each
other. From FIG. 6, it will be noted that two of the
cross tank portions 168 are located each adjacent cor-
responding ends of the two tank portions 107. The two
upright tank portions 183 are each mounted on a differ-
ent one of these two cross tank portions. The interiors
of upright tank structures 163 communicate with the in-
teriors of the corresponding cross tanks 188 in the same
manner hereinbefore described with reference to FIGS.
1-5, Thus, all of the tank portions 167 and 108, and
also the upright tank structures 183, are available for
storage of liquid.

Either one or both of the upright tank structures 183
may be constructed precisely as described with reference
to upright tank structure 3, FIGS. 1-53, so as to provide a
separate water storage chamber, disposed substantially
above the mean surface level of the body of water, to
establish a hydrostatic head applied internally to the tank
structures for the purpose of effecting discharge of oil
and for internally pressurizing the tank structures, as
hereinbefore described. The embodiment of the inven-
tion shown in FIGS. 6-7 will, of course, include water
and stored liquid ducting, controls, and pump means the -
same as or equivalent to that described with reference to
the embodiment of FIGS. 1-5.

This embodiment of the invention has the advantage
of providing increased storage space and of also provid-
ing two platforms 1$6 which are spaced from each other.
The provision of separate platforms is desirable in order
that operations involving flame, for example, can be lim-
ited to one. platform and segregated from operations car-
ried on on the other platform. ‘

Various types of control equipment can be employed in
accordance with the invention to assure proper operation
during filling and discharging of the oil. Thus, automatic
oil supply valves can be controlled by conventional means
responsive to the location of the oil-water interface with-
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in the tank structures. Similarly, an emergency shut-
down control can be employed, as additional means for
terminating oil supply, in the event the oil level within
the apparatus exceeds a predetermined desirable maxi-
mum. For example, a conductivity probe or like oil
sensing device can be disposed in overflow 41, FIG. 4,
and connected to conventional circuitry to control the
automatic oil supply valve 35.

While the invention has particular application to stor-
age of crude oil at the side of an off-shore well, it is to
be understood that the apparatus can be used to store any
liquid which is water-immiscibie and which has 2 specific
gravity less than that of water.

What is claimed is:

1. In apparatus for storing, under a body of water, a
water-immiscible liquid having a specific gravity less than
1.0, the combination of storage tank means submerged
in the body of water and including a substantially hori-
zontal base portion disposed . adjacent the floor of the
body of water, said base portion comprising two spaced
parallel elongated cylindrical tank portions and at least
one cylindrical cross-tank portion connected at its ends
to said parallel tank portions at points intermediate the
ends therecf and extending therebetween, said storage
tank means further including an elongated cylindrical
vertical tank portion secured at its base to such cross-
tank portion and disposed between said parallel tank por-
tions, the interiors of all of said tank portions being in
communication, said vertical tank portion extending to
a point substantially above the surface of the body of
water; a plurality of horizontally spaced piles extending
downwardly into the floor of the body of water and lo-
cated adjacent to said parallel tank portions; and means
securing said piles rigidly to said parallel tank portions.

2. In an apparatus for storage of oil below the surface
of a body of water, the combinaticn of a hollow base tank
structure comprising two spaced apart tank sections and
an intermediate tank section extending between said
spaced tank sections, said intsrmediate tank section be-
ing at least generally cylindrical and having its ends con-
nected rigidly each to a different one of said spaced tank
sections, the interiors of all of said tank sections being in
communication with each other; means mounting said
base tank structure rigidly on the floor of the body of
water and maintaining said intermediate tank section in
fixed horizontal position; an upright hollow columnar
tank section rigidly mounted at its lower end on said in-
termediate tank section, said columnar tank section hav-
ing a transverse cross section substantially smaller than
the horizental extent of said base tank structure, the
interior of said columnar tank section being in communi-
cation with the interior of said intermediate tank section,
said colmnar tank section extending to a poin{ substan-
tially above the mean surface level of the body of water;
means for supplying oil to and removing oil from said
base tank structure via said columnar tank section; means
for supplying water from the body of water to the interior
of said base tank structure, said last-mentioned means in-
cluding means for establishing and applying to the in-
terior of said base tank structure and said columnar tank
section a hydrostatic head greater than the hydrostatic
head applied exteriorly thereto by the body of water; and
a horizontally extending work platform mounted rigidly
on the top of said columnar tank section above the sur-
face of the body of water.

3. An apparatus in accordance with claim 2 and where-
in said two spaced tank sections are elongated, horizontal-
ly extending and parallel, and all of said tank sections are
cylindrical.

4. Apparatus in accordance with claim 1 and wherein
said cross-tank portion is disposed with its ends at the re-
spective midpoints of said parallel tank portions and said
vertical tank portion extends upwardly from the center of
said cross-tank portion.

5. Appearatus in accordance with claim 4 and further
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comprising transverse brace means extending between
adjacent end portions of said parallel tank portions, and
additional brace means connected between the end por-
tions of said parallel tank portions and a portion of said
vertical tank portion spaced substantially above said base
portion.

6. In an underwater storage apparatus, the combina-

tion of

storage tank means submerged in the body of water
and including a substantially horizontal base portion
disposed adjacent the floor of the body of water,
said base portion comprising

two spaced parallel elongated cylindrical tank por-
tions,

two cylindrical cross-tank portions spaced apart
lengthwise of said parallel tank portions and each
having its ends connected to the corresponding
end portions of said paralle! tank portions,

said storage tank means further comprising two elon-
gated cylindrical vertical tank porticns,

each of said vertical tank portions being secured
at its base to a different one of said cross-tank
portions at a point between said parallel tank
portions,

said vertical tank portions extending to points
substantially above the surface of the body of
water,

the interiors of all of said tank portions being in com-
munication;

a plurality of horizontally spaced piles extending down-
wardly into the flcor of the body of water and lo-
cated adjacent to said parallel tank portions;

means securing said piles rigidly to said parallel tank
portions; and

two horizontal work platforms,

said platforms each being mounted on the top por-
tion of a different one of said vertical tank por-
tions and spaced horizontally from each other.

7. In an apparatus for the storage of oil beneath a

body of water, the combination of

a base tank structure comprising
_~two spaced parallel tank sections, and

at least one intermediate tank section extending
between said parallel sections and having its
ends rigidly connected each to a different one of
said parallel tank sections,

said base tank structure being disposed at the
ficor of the body of water with all of said tank
sections extending horizontally;

pile means secured to said base tank structure and
mounting said base tank structure on the floor of the
body of water to positively restrain said tank struc-
ture against both vertical and horizontal movement;

an upright columnar tank section having its lower end
rigidly connected to said intermediate section,

said colummar tank section extending upwardly to
a point substantially above the mean surface
level of the body of water,

the interior of all of said tank sections being in
mutual communication;

pump means supported by said columnar tank section
and having an inlet and an outlet;

conduit means leading from a point in said base tank
structure adjacent the bottom thereof to a point sub-
stantially above the mean surface level of the body
of water;

means connecting the inlet of said pump means to draw
water from the body of water, the outlet of said
pump means being connected to supply water to said
conduit means,

whereby water can be introduced into said base
tank structure to displace oil therefrom and said
conduit means can be maintained filled with
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water to apply to the interior of said base tank
structure a hydrostatic head greater than the
hydrostatic head applied exteriorly to said base
tank structure by the body of water in which the
same is immersed; and

other conduit means for introducing cil to and with-

drawing oil from the interior of said columnar tank
section at a point above the mean surface level of
the body of water.

8. An apparatus in accordance with claim 7 and where-
in

all of said tank sections are cylindrical and the diam-

eters of said intermediate and columnar tank sec-
tions are substantially equal at the point of conm-
nection of said columnar tank section to said inter-
mediate tank section.

9. An apparatus for storing oil at a substantial depth,
beneath a body of water under circumstances such that
the apparaius may be subjected to hurricane conditions,
comprising in combination

a horizontal base tank structure;

an upright columnar tank structure;

said base tank structure having horizontal dimen-
sions substantially greater than its height and
being disposed at the floor of the body of water,

said columnar tank structure having its bottom end
rigidly secured to the central portion of said base
tank structure, the upper end portion of said
columnar tank structure projecting above the
mean surface level of the body of water by such
a distance that the top of said columnar tank
structure will remain unsubmerged during pas-
sage of hurricane waves,

the interiors of said base tank structure and said
columnar tank structure being in mutezal com-
munication;

means rigidly mounting said base tank structure on

the fioor of the body of water, said means compris-
ing

a plurality of piles each extending downwardly 4

into the floor of the body of water, said piles be-
ing spaced in a horizontal series extending
around said base tank structure, and

means securing said piles rigidly to said base tank
structure,

the combination of said base tank structure and
said columnar tank structure being positively re-
strained by said piles against both vertical and
hoerizontal movement;
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pump means having an inlet and an outlet and mounted
on said columnar tank structure;

a conduit disposed within said columnar tank struc-
ture and extending from a point within said base
tank structure adjacent the bottom thereof upward-
1y to a point substantially above the mean surface
level of the body of water,

the inlet of said pump means being connected to

draw- water from thé body of water and the

outlet of said pump means being connected to

supply water to said conduit, whereby water

can be supplied to said base tank structure via

said conduit for the displacement of oil and

said conduit can be maintained filled with water

to apply to the interior of said base tank struc-

ture a hydrostatic head which is greater than

the hydrostatic head applied exteriorly to said

base tank structure by the body of water; and

other conduit means for introducing oil to and with-

drawing oil from the interior of said columnar tank

structure at a point above the mean surface level of
the body of water.

10. An apparatus in accordance with claim 9 and

wherein

said base tank structure comprises
two parallel cylindrical tank sections, and
an intermediate cylindrical tank section exteénd-
ing between said parallel tank sections and having
its ends rigidly secured each to a different one
of said parallel sections,
the interiors of all of said tank sections being in
mutual communication, ‘
said columnar tank structure being rigidly secured
to the center of said intermediate tank section,
said piles being spaced abount and secured to said
parallel tank sections.
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