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3,360,810 ' 
FLOATING RESERVOIR VESSEL OF THE 

DISPLACEMENT TYPE 
Bob E. Busking, the Hague, Netherlands, assignor to Shell 

Oil Company, New York, N.Y., a corporation of Dela 
ware 

Filed May 21, 1965, Ser. No. 457,605 
Claims priority, application Netherlands, May 28, 1964, 

64—5,951 ‘ 
3 Claims. (Cl. 9—8) 

This invention relates to a ?oating reservoir vessel of. 
the displacement type for the storage of liquids, in par 
ticular for the storage of petroleum products, which may 
be produced from an oil-?eld situated beneath the sur 
face of the sea. 
The primary object of the invention is to provide a 

storage vessel which can be transported easily to its 
destination, anchored easily and securely, which is little 
susceptible to the effect of water wave motion, and which 
may be quickly and simply loaded or unloaded by means 
of ocean going tankers, or loaded from an oil-?eld or 
from a tanker. _ 

Broadly, the invention comprises an oblong upright 
vessel adapted to/?oat in a supporting liquid and provided 
with a main storage container having a liquid passage 
opening near each of its ends, a ballast chamber situated 
near one end of said storage container, and means for 
controlling the mass in said ballast chamber in accord 
ance with the position of said container relative to the 
surface of said supporting liquid. The weight distribution 
and dimensions of the container are so selected that the 
vessel during normal operation ?oats in the supporting 
liquid in which the vessel ?oats in such a manner that the 
longitudinal axis of the vessel has a substantially Vertical 
direction. 

In order to limit the in?uence of the waves present on 
the surface of the supporting liquid, the dimensions and 
the weight distribution of the container in an attractive 
embodiment of the invention are so selected that during 
normal operation the oblong vessel is entirely immersed 
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in the supporting liquid in all possible ?lling conditions I 
of the vessel. Preferably, in such a case, both the oblong 
vessel and the ballast chamber are provided with relative 
thin tubes, a part of each of these tubes always protruding 
above the supporting liquid during normal operation. 45 

In order to promote speedy loading and unloading at I. 
least one rotatable element is arranged on the upper side 
of the vessel, which element is provided with means for 
fastening the mooring cable of a ship. At least one of the 
said rotatable elements is provided with at least one con 
duit connected via a movable coupling to a conduit se 
cured to the vessel and in communication with the con 
tainer portion thereof. 

Other objects and advantages of the invention will be 
come apparent from the detailed description taken with 

' reference to the accompanying drawings wherein: 
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FIGURE 5, and additionally schematically illustrating a 
tanker moored to the vessel. 

Referring to FIGURE 1, a supporting liquid, which 
may be salt or fresh water, is ‘shown at 1. The surface of 
the water is designated by the numeral 2 and the water 
?oor is shown at 3. The oblong reservoir vessel 4 com 
prises a main storage container 5 provided with anchor 
ing means in the form of chains 6 secured to the con 
tainer 5, which chains are provided with bottom an 
chors 7. 
As shown in FIGURES 2 and 3 the container 5 is pro 

vided at one end with one or more liquid passage openings 
8, which establish communication between the interior of 
the container 5 and theliquid 1 in which the vessel 4 
?oats. The container 5 is provided at the other end with 
one or more ballast chambers 9. In order to ensure that 
the container 5 will ?oat in the liquid 1 with its longi 
tudinal axis in a substantially vertical direction, the con 
tainer 5 may be provided near the passage openings 8 
with one or more blacks of solid ballast 10. 
The vessel 4 is towed empty, with its longitudinal axis 

substantially horizontal, to its destination. This is possible 
because the vessel 4 when empty possesses su?icient buoy 
ancy to remain ?oating on the surface of the water. Dur 
ing the towing of the vessel 4 the liquid passage openings 
8 are closed. Once the vessel 4 has reached its destination 
the passage openings 8 are opened so that the water 1 
may ?ow into the container 5. As a result of the weight 
distribution of the material of the vessel 4 and of the 
solid ballast 10, the vessel 4 now adopts a position in 
which the longitudinal axis of the container 5 has a verti 
cal direction. The vessel 4 is subsequently anchored to 
the bottom 3 by means of the chains or cables 6 and the 
anchors 7. 

Since the container 5 is of a long, slender and prefer 
ably cylindrical construction (the diameter is, for exam 
ple, 20 m. and the length, for example, 200 m.), the 
vessel 4 penetrates deep into the water in which it ?oats. 
This results in the advantage that the vessel 4 will remain 
fairly still even in turbulent water. 
The ?lling of the vessel 4 with the liquid which is to 

be stored, for example, crude oil obtained from a num 
ber of oil wells situated below the surface of the water, 
takes place through a ?lling pipe orconduit 13 (FIGURE 
2). The oil passes through the conduit 13 and enters the 
upper portion of the container 5, which is initially en 
tirely ?lled with water (FIGURE 2). As more oil is 
supplied the oil progressively displaces the water present 
in the container 5, and the water leaves the container 5 
through the opening or openings 8. 

In FIGURES 2 and 3, the water in the container 5 is 
designated by'the numeral 14 and the oil in the container 
5 is designated by the numeral 15. Since the oil 15 has 
a lower speci?c gravity than the water 14 the oil 15 will 
remain ?oating on the water 14. Due to the difference 

7 between the speci?c gravities of the oil and the Water, 
FIGURE 1 is a schematic elevation of a vessel accord- ‘ 

ing to the invention ?oating in a supporting liquid show 
ing means for mooring a tanker to the vessel for the un 
loading, or optionally, the loading of the vessel; 
FIGURES 2 and 3 are diagrammatic longitudinal sec- , 

tions of a preferred embodiment of a vessel, respectively 
showing the main container in two different load con 
ditions; 
FIGURE 4 is a diagrammatic longitudinal elevation of 

a modi?ed ballast control system for the reservoir vessel 
of FIGURES 2 and 3; » 
FIGURE 5 is a schematic elevation of a vessel accord 

ing to the invention provided with a modi?ed means for 
mooring a tanker to the vessel; and, 
FIGURE 6 is a plan view of the modi?cation shown in 
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the vessel 4 will tend to move continually upwards as 
progressively more oil is introduced into the container 5. 
However, it is sometimes considered desirable for the 
vessel 4 to remain at the same depth in the supporting 
liquid. This can be achieved by pumping more ballast 
liquid 16 (for ‘example, ballast water) into the ballast 
chambers 9 as the proportion of oil in the container 5 in 
creases, and by pumping ballast liquid 16 out of the 
ballast chambers 9 as the proportion of oil in the cone 
tainer 5 decreases (and hence the quantity of water in 
the container 5 increases). 
The regulation of the quantity of ballast liquid 16 in 

the ballast chambers 9 may also be effected automatically, 
for example, by means of the system shown diagrammati 
cally in FIGURE 2 which will now be described. A ?oat 
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17,v ?oating on the surface of the water 2 is connected to a 
recording device 19 by means of a suitable connection, for 
example, a hydraulic, electric or pneumatic connection, or 
simply by a rope 18. It is thus possible to determine the 
position of‘ the vessel 4 relative to the surface of the 
water 2. The recording device 19 is connected, for ex 
ample, electrically, pneumatically or hydraulically, to a 
control device 20. A supply conduit or pipe 21 for the 
supply of ballast liquid to the ballast chamber 9 is con 
nected to the ballast chamber 9. A control valve 22 is ar— 
ranged in the supply pipe 21. This control valve 22 is con 
nected to the control device 20 in such a way that it can 
receive signals from the control device 20. A pump 24, 
provided with a suction pipe 25 and a discharge pipe 26 
is arranged in a pump chamber 23 in the ballast chamber 
9. The suction pipe 25 is in communication with the bal 
last chamber 9. A control valve 27 is arranged in the dis 
charge pipe 26. The control valve 27 is connected to the 
control device 20 in such a way that it can receive signals 
from the control device 20. 
The above-described apparatus operates as follows. 

It is assumed that the container 5 is substantially ?lled 
with water 14, there being a small quantity of oil 15 above 
the water 14, as shown in FIGURE 2. The container 5 is 
then gradually ?lled with oil 15 by means of the ?lling 
conduit 13 and the water 14 is gradually forced out of the 
container 5, viz. through the liquid passage openings 8. 
Since the speci?c gravity of the oil 15 which displaces the 
water 14 is lower than the speci?c gravity of the water 14, 
the entire vessel 4 will tend to move vertically upwards. 
This rising of the vessel 4 is immediately sensed by means 
of the ?oat 17 and the recording device 19, whereupon 
the controldevice 20 receives a signal. The control de 
vice 20 thereupon transmits signals to the control valves 
22 and 27. As a result the control valve 22 is opened to a 
greater extent and correspondingly the control valve 27 is 
closed to a greater extent. Consequently, more ballast 
liquid will be supplied to the ballast chambers 9 via pipe 
21 that is withdrawn by the pipe 26. In other words, the 
quantity of ballast liquid 16 in the ballast chambers 9 in— 
creases in such‘a way that although more oil is stored in 
the container 5, the latter invariably retains substantial 
ly the same position relative to the surface of the water 
2. This system insures that the container 5 is automatical 
ly kept at the same depth in the water 1, irrespective of 
the amount of oil admitted to the container 5 (compare 
FIGURES 2 and 3). When removing the oil 15 from the 
container 5 the system outlined above operates essential 
ly in substantially reverse fashion to the manner described 
above. 
Of course, it is to be understood that the pump 24, con 

duits~25 and 26 and valve 27 could be eliminated by re 
placing the valve 22 in conduit 21 with a reversible pump 
50 as shown in FIGURE 4. In the modi?ed control sys 
tem of FIGURE 4 when the ?oat 17 moves up or down 
due to movement of the reservoir vessel 4, the control de 
device 20 operates the pump '50 to either supply or with 
draw liquid from the ballast chambers 9 via pipe 21. 
The removal of the oil 15 from the container 5 is 

effected by means of a suction conduit23 (FIGURE 2) 
The conduits 13 and 28 are provided, if necessary, with 
control valves 29 and 30‘, respectively. 
When the container 5 is entirely ?lled with oil it is de 

sirable for this oil to be drawn off, for example, by a 
tanker. This can be effected in a very simple manner, pro 
vided the container 5 is equipped with a'device of the type 
which will not be described in greater detail. 

Referring back to FIGURE 1, the vessel 4 includes a 
rotatable element 31 such as an annulus mounted on a 
rigid frame and provided with means for securing a moor 
ing-cable 32 from a ship or tanker 33. The said securing 
means may consist, for example, of a capstan 34 ar 
ranged on the rotatable element31. When the ship or 
tanker 33 is secured 'to the capstan 34 by the mooring 
cable v32, the ship 33 can rotate around the vertical longi 
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4 
tudinal axis of the vessel 4, to choose its own position, 
dependent on forces of wind and water current, in such 
a way that its bow is always facing the vessel 4. When 
the tanker 33 is moored in this way to the vessel 4 oil 
may be pumped from the vessel 4 to the ship 33 or vice 
versa. To this end a derrick 35 is used which is ?xed 
to the rotatable element 31 of the vessel 4 so that it can 
rotate around the vertical longitudinal axis of the vessel 
4. The derrick 35 is provided with at least one conduit 
(not shown) communicating with the conduit 28 by 
means of a rotatable or swivel coupling (not shown). The 
conduit situated on the derrick 35 is provided at one end 
with a hose 36 which may be connected to the nozzle 
of a conduit (not shown) situated on the tanker, which 
conduit communicates with the tanker’s tanks. The oil 
can now flow from the vessel 4 to the tanks of the tanker 
33 through the conduit 28, the said movable coupling, 
the conduit situated on the derrick 35, the hose 36 and 
the conduit situated on the tanker 33, or vice-versa. 

Instead of the apparatus described above it is possible 
to employthe embodiment as shown in FIGURES 5 and 
6. In this embodiment the vessel 4 is provided on its 
upper side with a single turntable 37 supported on a ?xed 
platform 39 by means of rollers 38 in such a way that 
the turntable 37 can rotate around the vertical longitudinal 
axis of the vessel 4. A pipe 40 is ?xedly secured to the 
turntable 37. Moreover, a pipe or conduit 41, connected 
to the container 5, is also secured to the reservoir vessel 
4. The conduits 40 and 41 are connected to each other 
by means of a movable coupling 42. 
A hose 43, provided with ?oat means 44, is secured to 

‘the free end of the pipe 40 (see FIGURE 6). A capstan 
45 is ?xedly secured on the turntable 37. A mooring cable 
46 of a tanker 47 may be fastened to the capstan 45. The 
hose 43 remains ?oating on the surface of the water due 
to the ?oat means 44. The end of the hose 43 may be 
coupled to a nozzle 48 of a pipe or conduit situated on a 

tanker 47. 
When the tanker 47 is moored to the vessel 4 in the 

manner shown in top-plan view of FIGURE 6 the unload 
ing or, optionally, the loading of the reservoir vessel 4 
can be effected simply through the conduit 41, the mov 
able coupling 42, the pipe 49, the hose 43 and the nozzle 
48. Since the turntable 37 is rotatable relative to the longi 
tudinal axis of the vessel 4 the tanker 47 will always have 
its bow facing the vessel 4. 

The upper side of the described vessel may be pro 
vided, if desired, with a platform for the landing and 
taking-off of helicopters. 

I claim as my invention: 
1. A storage vessel for storing liquids while adapted to 

be supported in a body of water comprising: , 
substantially elongated main storage container means 

having liquid passage openings in the vicinity of its 
upper and lower ends when the longitudinal axis of 
said container means is substantially vertical with 
respect to said body of water; 

said container means, when empty, possessing sufficient 
buoyancy to remain ?oating, with its longitudinal 
axis substantially horizontal, on the surface of the 
body of water; 

a ballast chamber adapted to contain a ballast mate 
rial forming a portion of said storage vessel; 

conduit means communicating with the upper end of 
said container means for admitting liquidsinto said 
container means; 

said container means, when ?lled with liquids, being 
adapted to assume a position in said body of water 
with its longitudinal axis disposed in a substantially 
vertical plane; 

ballast material control means cooperating with said 
ballast chamber for controlling the amount of ballast 
material in said chamber; 

vertical movement measuring means cooperating with 
said ballast material control means for measuring 
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vertical movement of said vessel and admitting and 
withdrawing ballast material to and from said ballast 
chamber depending upon the degree of vertical 
movement of said container means; 

6 
a ballast chamber adapted to contain a ballast mate 

rial forming a portion of said storage vessel; 
conduit means communicating with the upper end of 

said container means for admitting liquids into said 
said ballast material being a liquid and said ballast ma- 5 container means; 

terial control means including second conduit means said container means, when ?lled with liquids, being 
communicating with said ballast chamber for admit- adapted to assume a position in said body of water 
ting and removing said ballast liquid; with its longitudinal axis disposed in a substantially 

said vertical movement measuring means including vertical plane; 
?oat means arranged adjacent the vessel and adapted 10 ballast material control means cooperating with said 
to freely ?oat on the surface of said body of Water; ballast chamber for controlling the amount of bal 

recording means operatively associated with said ?oat last material in said chamber; 
means and adapted to detect, through said ?oat vertical movement measuring means cooperating with 
means, a change in the vertical level of said vessel said ballast material control means for measuring 
relative to said body of water and to emit a signal in 15 vertical movement of said vessel and admitting and 
response thereto; withdrawing ballast material to and from said ballast 

controller means operatively connected to both said re- chamber depending upon the degree of vertical 
cording means and said second conduit means for movement of said container means; 
regulating the amount of ballast liquid in said ballast support means ?xedly secured to the upper portion of 
chamber in response to signals received from said 20 Said container means when said container means is 
recording means; disopsed with its longitudinal axis in a substantially 

said second conduit means including a ?rst valve-con- vertical plane in said body of water; 
trolled portion for admitting a ballast liquid into said support means normally extending above the sur 
said ballast chamber and a second valve-controlled face of said body of water; 
portion for removing a ballast liquid from said bal- 25 platform means ?xedly mounted on the upper portion 
last chamber; and of said support means; 

said controller means being operatively connected to an element operatively Secured to the platform means 
both of said valve-controlled portions for opening and horizontally rotatable with respect to said vessel 
and closing the valves of said valve-controlled por- when the longitudinal axis of said vessel is in a sub 
tions in such a way that, when the vessel moves 30 stantiahyverticalP1ahe;ahd 
downwardly, the valve controlling the ?rst valve 
controlled portion of said second conduit means is 
closed to a greater extent, thereby reducing the ad 
mission of ballast liquid into said ballast chamber 

additional conduit means operatively connected to both 
said container means and said rotatable element for 
discharging liquids from said container means. 

3. A storage vessel as in claim 2 wherein said rotatable 
and the valve controlling the second valve-controlled 35 element includes anchoring means for Securing a mooring 
portion of said second conduit means is closed to a Cable from ‘a ship 50 that the ShiP can rotate about the 
greater extent, thereby increasing the removal of vertical longitudinal axis of the vessel to choose its own 
ballast liquid from said ballast chamber, a reverse Position 50 that the bow of the ship always faces the 
reaction occurring whenever the vessel moves up- vessel. ' 
wardly, so that irrespective of the volume of liquid 40 References Cited 
in said container,_the vessel retains substantially the UNITED STATES PATENTS 
same vertical position relative to the surface of the 
body of Water. 2,731,168 1/1956 Watts. 
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