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desired location and then caused to sink CONSTRUCTION  LIMITED, a British
to rest on the water bed, company, of 345 Ruislip Road, Southall,   Figure
2 is a part plan view  showing Middlesex, do hereby declare the invention,
sectors of the structure taken on the lines  50 5  for which we- pray that
a patent may be  II-IIA  and II-IIB  of Figure 1, granted to us, and the
method by which it is  Figures 3 to 6 illustrate how the structure to be
performed, to be particularly described  of Figures 1 and 2 is caused to
sink from a in and by the following statement:-     floating condition to
rest on the water bed, This invention relates to submersible struc-  Figure
7 illustrates how the structure. is  55 10 tures and is particularly
concerned with such  operated whilst resting on the water bed, structures
that can be utilised as containers    Figure 8 is a schematic illustration
of an for storing fluids, such as oil under water,  installation including
the structure of Figures or as supporting structures for platforms,  1 to
7, and buildings and/or plant.                                   Figure 9
is a diagrammatic side view, partly  60 15    According to the present
invention there is  in section,of another form of structure. provided a
submersible structure that can be    The structure shown in the Figures has
a floated to a desired location and then caused  container part made up of
six short hollow to sink so as to rest on the water bed, the  reinforced
concrete cylindrical containers 1 structure comprising a plurality of
reinforced  which may be prestressed if required. Each  65 20  concrete
hollow containers upstanding from a  of these containers has an outer
cylindrical reinforced concrete cellular base, a reinforced  wall 1A and a
central column lB which in concrete perimeter wall also upstanding from
the form illustrated is of cruciform  section. the base, and at least one
reinforced concrete  The column 1B can, of course, be of other hollow
column extending from  the cellular  section, for example annular. The
column 1B  70 25  base to above water level in use of the struc-   supports
a top slab 1C. The top slabs 1C ture, there being valves and ducting
extending  of the containers 1 are interconnected by a from the interiors
of the containers and the  horizontal ring beam ID. cellular base to
services situated inside the   The cylindrical containers 1 are supported
column, whereby, from the floating condition,  on a cellular reinforced
concrete or pre-  75 30  the structure can be caused to sink by supply-
stressed concrete raft base 2 made up of a ing ballast water to the space
between the  lower slab 2A, an upper slab 2B and vertical containers and
the outer perimeter wall, to. the  walls 2C extending at right angles to
each interior of the cellular base and to the interior  other, these walls
2C connecting the upper of the containers, and whereby the structure  and
lower slabs whereby the interior of the  80 35  can be refloated by pumping
these zones dry.  raft is divided into individual cells. These The
reinforced concrete structure can be  individual cells are interconnected
by bores wholly or partially prestressed.           3 to. enable ballast
water- to flow from one For a better understanding of the inven-  cell to
another, as required, or to allow the tion and to show how the same may be
carried  cells to be emptied of water by pumping, the  85 40  into effect,
reference will now be made, by  diameter of the bores being such as to
limit way of example, to the accompanying draw-  the flow so as to preserve
adequate stability ings, in which:-                          during motion
at sea. Some of the walls 2C Figure 1 is a diagrammatic side view, half
extend below  the lower slab 2A  to form in section, of a reinforced
concrete sub-  keys 6A. The lower slab 2A may be flat on  90 45  mersible
structure that serves as an under-  the underside or may be shaped to
provide 



water storage container that can be floated to  specific bearing areas in
the form  of pads    2                                  1,366,770
2 or inverted shallow  domes, depending upon water and subsequently the
partly-built struc- the nature of the water bed.   ture may be tosed to a
sheltered deeper water The raft base 2 is surrounded by a rein-  site.
Conventional reinforced and prestressed forced concrete  perimeter wall 4
partly canti- concrete techniques may then be used to 5 levering from the
raft base and also supported   complete the structure save for parts  such
70 at intervals by counterforts 5. This wall 4   as the helicopter landing
platform, working is also extended below the lower slab 2A  of  platforms
and other ancillary parts,in the the raft to form  a key 6B around the
peri-  location whilst afloat. meter.The keys 6A and 6B may be of castel-
The thus-completed-structure is trimmed as 10 lated form as illustrated,
depending upon the  necessary for verticality by ballasting  the indi-  75
nature of the water bed.                          vidual containers 1 with
water as necessary In the form of Figure 1 to 8, a single  to place the
structure in the condition illus- central, reinforced concrete or
prestressed   trated  in Figure 3, in which Figure  (and concrete hollow
cylindrical column 7 extends  throughout Figures 4 to 6) "G" indicates the
15  from the top of the raft base 2 and supports centre of gravity of the
structure,"B" indi- a platform 8 that can serve for helicopter  cates its
centre of buoyancy and  "M" its landings and other purposes, at a level
that  metacentre. is above,with the structure resting  on the  The
structure  can then be towed along a water bed, the highest anticipated
water level  prepared channel into deeper water and hence 20   at which the
structure is to be operated,  to its intended operational  location. To
this 85 fenders 9 (at a level to extend from below to  and, towing pads can
be provided at appro- above the anticipated greatest range of tides),
priate  locations on the tops of the containers platforms or decks  for
plant and  machinery    1.Once the intended  operational location is 10, .a
surge flit  11 foar  Mi, andan oi   eteisbesiga
omec    ne 25  separator chamber 12. In the form illustrated control of the
towing craft. The first stage 90 radiating to the tops of the containers 1
but   ballast water to enter the space above the these can be  omitted.
raft base 2 between  the container 1 and the Ducts 14 connect the bottom
of each con-  perimeter wall 4. Alternatively, and depen- 30  tainer 1 to
riser ducts 15,within the column   dant upon the design, water may be
allowed 95 7, that connected the ducts 14 to a first mani- to enter the
base raft cells  completely before fold (not shown)  connected to the
separator  being admitted to the upper tray, via holes chamber 12 by
further ducts. Further ducts or  perforations in the upper slabs. This is
35  connect the tops of the containers 1, via  the base of the perimeter
wall 4 and opearable      100 further riser ducts 16A within the column
from the top of this wall.When this stage has 7 and connected to a second
manifold( also   been completed the structure is in the con- not shown), to
the oil surge tank 11  this   dition   shown in Figure 4. It may be noted
second  manifold being connected to the tank that for this example Figure 4
has been 11 by the duct 16B.An oil inlet pipe 17( Figure  drawn showing the
water levels equal on either 7) extending from outside the perimeter of
side of the perimeter wall.In other cases it the structure at its base  to
the foot of the   may be more convenient to allow the water column 7 and up
the column 7 is connected externally to overtop the wall before the water
to the duet 16B above the secondmanifold internally has risen thus far. The
second 45    The particular structure water level is ballast water to enter
the spaces inside the where the highest anticipated water level is ballast
water to enter the spaces inside the approximately 85 metres above the
water bed, cellular raft base 2. This is affected by operat and has storage
capacity of 500,000 barrels ing valves ( not shown) in the bases of these
of crude oil. The overall diameter of the raft   containers and operable
from the tops of 50 base 2 is 103 meters, and the height of the the
containers or elsewhere, vent lines (not cylinders 1 is 38.5 metres above
the water  shown) being provided to allow air to escape bed. It will be
appreciated that these dimen-   during ballasting.When this is completed
sions relate to his example only, and the structure is in the condition
illustrated in 



alternative dimensions can be selected as Figure 5. the final stage in the
submerging desired.                     procedure is to open valves ( not
shown) to 120    1,366,770                                     3 installed
permanently, or only temporary  ture due to the stored crude oil, that is
the whilst submerging or re-floating is being car-  bursting force due to
the stomp of liquids is ried out.                           reduced or
eliminated by the external hydro- After the structure has reached the water
static pressure. 5  bed the containers 1 are entirely filled with  When it
is desired to move the structure to  70 water to give negative buoyancy to
the struc-  another location, the oil stored is first pumped ture and allow
the raft base 2 to bite into the  out and any emulsion removed. The sand
water bed. The central column may be main-  ballast, if any, is then taken
out and water rained dry if required for suitable plant en-  ballast pumped
out using the pumps pre- .10 vironment
viously used for submerging  (reinstalled if  75 Sand ballast 20 (Figure 7)
may then be  necessary) in reverse order from the sub- introduced if
necessary in the space above the  merging operation,until the structure
floats at raft base 2 between the containers 1 and the  the required
draught. It may then be towed perimeter wall 4 to make the structure safe
to the required new location. 15  against disturbing forces caused by the
en-    The structure of Figure 9 is, in many  80 vironment in which it is
to operate.  The respects, similar to that described above and working
platforms, helicopter landing plat-  parts differing only in details are
identified form and other ancillary work (not shown  by the reference
numerals already used and in Figure 7, in which Figure other parts have
will not be again descibed. In this form the 20 also been omitted or shown
diagrammatically)  single central  column  7 of the form  of 85 are then
completed and the structure made  Figures 1 to 8 is replaced by four
columns ready to receive crude oil for storage.      7A disposed at the
corners of a square just It will be appreciated that a detailed sea
inboard of the containers 1, of which there bed exploration has to be
undertaken since  are, in is form, only four also disposed at 25 a
reasonably level area is required in order  the four corners of a square.
Tie columns 7A  90 that the structure does not rest at a very large
contain ducting and piping .(not shown) tilt, although therecan be
provision for adjust-  similar to that already described and sup- ment of
the levels of the working platforms,  port, at their upper ends, a
platform  or deck helicopter landing platform and so on.The  8A mounted on
the column 7A through sup- 30 ground bearing pressure imposed by the struc-
port beams 24 and having plant and pump  95 ture if bedding uniformly is in
the range 80  rooms and crew living quarters and the like [err] to 148
[err]. If the water bed is  thereon. Braces 25 extend  between  the too
soft or uneven, then some form of level-  columns 7A at intervals along the
length ling may be needed say in the form  of a  thereof, there being a
foot bridge 26 across 35  gravel bed.                               at
least one of the uppermost braces 25. A  100 Once the structure is sited at
a desired  further difference is that in this particular location the pipe
17 is connected to a produc-  example there is in each of the individual
tion platform 21 (Figure 8) and oil is  intro- cells of the base 2 a
central upright strut 27. duced into the tops of the containers 1 via  The
construction and manner of operation of 40-- the pipe 17, the duct 16B, the
manifold con- the structure of Figure 9 is otherwise similar 105 nection
(not shown) with the ducts 16A, and  to that of the structure of Figures 1
to 8. the ducts 16. Surges in oil supply are accom-    In other
applications than as already des- modated by the surge tank 11. The oil
being  cribed, structures such as described above lighter than water floats
over the water in  can be utilised merely as platform support- 45
containers 1 displacing it through the ducts  ing structures, from which a
wide variety of 110 14 and 15 to the separator chamber 12 from   operations
can be carried out. where it is pumped out to the sea by pumps    It will
be appreciated that since the struc- on one of the plant room decks 10.
When  tures described above are almost entirely of the containers 1 contain
oil to a depth of 2  concrete, they have the inherent advantage 50 metres
or thereabouts above the top of the  of adequate weight. This obviates the
need for 115 



raft base supply of oil is stopped. The con-  anchoring the structures to
the water bed with tainers are emptied by pumping oil from the  piles,
since the large uplift forces, due to tops of the containers via ducts 16
and 16A  the oil stored and waves, can be safely resisted and the pipe 17,
water entering the bases of  by the deadweight of the structure. This can
55  the containers via the ducts 15 and 14 from   be particularly useful in
locations where the  120 the separator chamber 12, the separator cham-
water bed is of soft materials. ber being replenished with sea water by the
Facilities  for  single-point mooring  of pumps. The oil passing along the
pipe 17 is  tankers can be incorporated if required. pumped through meters
on the production 60 platform 21 and via a single point mooring 22
Although the structure of the Figures has (Figure 8) to a tanker 23.
been described in connection with the storage 125 During operation, the
level of water in  of oil, it will be appreciated that such a the separator
chamber 12 is maintained below structure can be used for the underwater the
level of the water outside the structure in  storage of any fluids that are
lighter than 65  order to reduce bursting forces on the struc-  water.    4
l,366,770 WHAT WE CLAIM IS:-                        below said lower slab
to form a key around 1. A  submersible structure that can be  perimeter of
the  base. floated to a desired  location and then caused  7. A structure
as claimed in claim 4,5 or to sink so as to rest on the water bed, the 6,
wherein the keys are of castellated form structure comprising a plurality
of reinforced       8. A structure as claimed in any one of   45 concete
hollow containers upstanding from a  the predcding claims, wherein there is
only reinforced concrete cellular base, a reinforced  one reinforced
concrete column which is concrete  perimeter wall also upstanding from
disposed centrally of the hollow  containers the base, and at least one
reinforced con-      9. A structure as claimed in any of 10   crete hollow
column extending from the  the preceding claims wherein  the concrete   50
cellur base to above water level in rise of  containers serve as buoyancy
chambers during the structure, there being valves and ducting towing and
submergence, supports for the extending from  the interior fo the
containers  central column or columns, and provide for and the cellular
base to services situated   the storage of liquids. 15  inside the column,
whereby, from the floating  10.A  structure as claimed in any one of 55
condition, the structure can be caused  to sink the preceding claims
wherein the arrange- by supplying  ballast water to the space  ments for
the storage of liquids are such that between the containers and the outer
peri- the bursting forces due to the storage of meter wall, to the interior
of the cellular base  liquids are reduced or eliminated by means of 20  and
to the interiors of the container,and  the external hydrostatic pressure.
whereby the structure can be refloated by          11. A structure as
claimed in any one of pumping these zones dry.               claims 1 to 10
wherein there is a plurality of 2. A structure as claimed in claim 1,
where- spaced-apart reinforced concrete columns. in the cellular base
consists of a lower slab.   12. A structure as  claimed in any one of 25
an upper slab, and upright walls  connecting the slabs together so as to
divide the base  of the or each reinforced concrete column into individual
cells.  supports one or more platforms. 3.  A  structure as claimed in
claim 2,   13. A submergible structure that can be wherein said individual
cell are intercon-  floated to a  desired location and then caused 30
nected  by bores to enable limited flow of   to sink so as to rest on the
water bed,sub said ballast water from cell to cell. 4. A structure as
claimed in claim 2 or 3, ence to Figures 1 to 8 or Figure 9 of the wherein
some of said upright walls extend    accompanying drawings. below the lower
slab, to form keys. 35    5. A structure as claimed in claim 2 or 3,
HASELTINE,LAKE & CO. wherein the lower slab is shaped to form bear-
Chartered Patent Agents, ing areas disposed to suit the conditions of
28, Southampton Building 



the water bed.                   Chancery  Lane; London, WC2A  1AT 6. A
structure  as  claimed 2, 3, 4       Agents for the Applicants 40  or 5,
wherein said perimeter wall extends Printed for Her Majesty's  Stationery
Office by the Courier Press. Leanmington Spa, 1974 Published by The Patent
Office, 25 Southampton Buildings London, WC2A 1AY which copies may be
obtained.    WHAT WE CLAIM  IS:-                       below said lower
slab to form a key around 1. A  submersible structure that can be  the
perimeter of the base. floated to a desired location and then caused    7.
A structure as claimed in claim 4, 5 or to sink so as to rest on the water
bed, the  6, wherein the keys are of castellated form. 5  structure
comprising a plurality of reinforced    8. A structure as claimed in any
one of  45 concrete hollow containers upstanding from a  the preceding
claims, wherein there is only reinforced concrete cellular base, a
reinforced  one reinforced  concrete column  which  is concrete perimeter
wall also upstanding from   disposed centrally of the hollow containers.
the base, and at least one reinforced con-    9. A structure as claimed in
any one of 10  crete hollow  column  extending from  the  the preceding
claims wherein the concrete  50 cellular base to above water level in use
of  containers serve as buoyancy chambers during the structure, there being
valves and ducting  towing and submergence, supports for the extending from
the interiors of the containers  central column or columns, and provide for
and the cellular base to services situated  the storage of liquids. 15
inside the column, whereby, from the floating    10. A structure as claimed
in any one of  55 condition, the structure can be caused to sink  the
preceding claims wherein the arrange- by  supplying ballast water to  the
space  ments for the storage of liquids are such that between the
containers and the outer peri-  the bursting forces due to the storage of
meter wall, to the interior of the cellular base  liquids are reduced or
eliminated by means of 20  and to the interiors of the containers, and  the
external hydrostatic pressure.         60 whereby the structure can be
refloated by     11. A structure as claimed in any one of pumping these
zones dry.                    claims 1 to 10, wherein there is a plurality
of 2. A structure as claimed in claim 1, where-  spaced-apart reinforced
concrete columns. in the cellular base consists of a lower slab,    12. A
structure as claimed in any one of 25  an upper slab, and upright walls
connecting  the preceding claims, wherein the upper end  65 the slabs
together so as to divide the base  of the or each reinforced concrete
column into individual cells.                      supports one or more
platforms. 3. A  structure as claimed in claim  2,    13. A  submergible
structure that can be wherein said individual cells are intercon-  floated
to a desired location and then caused 30  nected by bores to enable limited
flow of  to sink so as to rest on the water bed, sub-  70 said ballast
water from cell to cell.       stantially as hereinbefore described with
refer- 4. A structure as claimed in claim 2 or 3,  ence to Figures 1 to 8
or Figure 9 of the wherein some of said upright walls extend  accompanying
drawings. below the lower slab to form keys. 35    5. A structure as
claimed in claim 2 or 3,.      HASELTINE, LAKE & CO., wherein the lower
slab is shaped to form bear-       Chartered Patent Agents, ing areas
disposed to suit the conditions of         28 Southampton Buildings, the
water bed.                                 Chancery Lane, London, WC2A 1AT
6. A structure as claimed in claim 2, 3, 4         Agents for the
Applicants 40 or 5, wherein said perimeter wall extends Printed for Her
Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1974.
Published by The Patent Office, 25 Southampton Buildings, London, WC2A
1AY., from which copies may be obtained.    


