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'· ' COMPLETE SIPOOIFJICA'PION 

·.Met.hod and apparatus for th~ StOrage of Petrolewn 
'We, BETHLEHEM STEEL 'CORPORATION, a physical ~paration appeari;. in French Patent 

corporation organised under the laws of the 860,130, wherefo a solid septum of density in­
State of 'Delaware, United States of America, termediate that ·of the stored . petroleum and 
of 701 East Third Street, ·Bethlehem, State the displacement water is used to float. between 

5 of :Pennsylvania, United States of America, do these two liquids. However, this is not a practi.,. 50 
hereby declare the invention, for which we cal· solution. A considerable amount of clear­
pray that a: patent niay be granted to us, and ance between the perimeter of the: septum anq 
the method by which it is to ·be performed, the interior walls. of the storage apparatus must 
to .be . particularly described in and by the fol- necessarily be provided to permit free vertical 

10 lowing statement: - · . movem~nt of the septum in the apparatus as 55 
This invention. relates generally to method the relative quantities of stored petroleum and 

8ild apparatus for the storage of petroleum. the displacement water change, and this clear­
More specifically, this invention relates to ance immediately results in physical contact 
inethod, and apparatus· for the storage of petro- between the stored petroleum and the displace-

15 leuni · under water, . entploying hydraulic dis- ment water. Also, the horizontal cross .. section 60 
placement principles and providing positive of · the storage. apparatus is usually different 

. separation within the storage vessel· of the pe- at various horizontal planes through the ap-
~roleum and the displac~ent water. · paratus, and the rigid septum would obvi9usly · 

Hydraulic displacement type underwater pe- .not be capable of free vertical movement over 

····-. 

20 tr-Oleum storage is well known in the art today, anything more ·than a: closely limited range. 65 
as shown for example in U.S. . .Patents Further, the. French patent assumes that the 

·." .. .. 

' 

·· _3;145,539 and 3,14·6,458. In conventi!>nal hy- · interior of _the storage apparatus _is clear of 
draulic displacement storage apparatus . which stiffeners and other structural members, but in 
will contain yarying ·quantities .of petroleum practice, this is not true. 

25 and displacement .water, the petroleum .and Another attempt at . solution of the stated 70 
displacement water will _be in physical .contact problem involves the installation of a· flexible 
!"ith each o!her at an· interface. Obvio?slr, the rubber-like membrane or diaphragm· .in the 
mte!face will descend as petroleum 1s mtro• storage vessel, as proposed by several workers 
d~d for storage in the apparatus,, and the in this field. and, as shown, for example, in U.S. 

30 interface will ascend as petroleum is removed Patent 2,731,168. There are several drawbacks 75 
from st~~age. Ordinarily, !here are few prob.. . inheiwt in this method of solution. The peri­
lems ar!Slng from the. physical. contact between meter of the. µiembrane being fixed to the· inte- · 
petroleum and water.at the interface. rior of the tank, the vertical movement of the 
. The term . "petroleum" as einployed· herein m~mbrane with changes in relative quantities 

35 ~ith• respect to the . preferred embodiment is · .. of. stored petroleum .. and displacement ' water 80 · 
intended to comprise crude petroleum as well is quit~ l~mited. Entrainment of air or gases 
as refined petrolCµm producti;. such as jet fuels, in the storage apparatus will modify the shape 
all having a density less than that of water. of the membrane creating filling and emptying 
Sometiin~s, under certain circumstances and diffi.c;ulties and loss of storage volume; Installa-

40 with certafn stored liquids, particularly Jet tion of the membrane makes for construction 85 
fuels, · it is desirable to prevent a petroleum- problems. The membrane is subject ·to me­
~ter interface and. to completely physically chanical damage, ·and maintenance of·· the 
separate. the petroleum and the displacement membrane and repairs thereto are difficult if 
~ter.. . · . - not impossible while the storage apparatus is 

45 . A prior proposal for ·maintaining_ complete 8ubmerged. The membrane does· not lend itself . 90 

JPriu 4i. 64.) 



2 1,122,?75 ' 

to ·metering the stored liquid during loading ceiver 3 through salt water sµpply line 9. Salt ~ 
and unloading. . . water receiver 3 has an overflowlO. 

It has· now been discovered· that complete 'For the purpose of cl.arity,·:'salt water·cre-
physical separation between the petroleum and ceiver 3 has been, indicated djagranuna.;tjcally 

5 ·water can be attained :by establishi~g a~ as 1;>1.i~ide the ~IWnn ·2. ··It should be under- 70 
maintaining in the storage· apparatus ·between stood ihat salt water receiver 3 ·maybe mount"' 
the body of petroleum and the body. of dis- ed. witb.iri .column 2 as show'n.' in·the preferred 
placement water a layer or body of a third embodiment of u. s. •Patent 3,145,539;.alter-
liquid of density intermediate the density of ' :natively, salt water receiver 3 may be support-
the stored petroleum and the . density of tbe ed outside column 2. _ · 75 .10 
displacement water, the third liquid being sub- The upper portion of column 2 is provided 
stantially insoluble or immiscible in and inert with petroleum loading line 11~ having val\i'e 
to the said stored petroleum and the displace- 12 therein, which may communicate with a 
ment water. source of petroleum such as ·a receiver com.:. 

15 Referring now to the drawing; in '!hich like partnient 34: as shown in U. S. Patent 80 
numerals represent like parts in the several 3,145,5.39. The upper portion of column 2, be­
views. . · · · · · fow>peti'oleum loading line 11:. is provided 

FIGURE 1 represents diagrammatically . a with p~roletiµi Unloading line 13, having valve 
vertical sectfori of storage apparatus which has 14 therein, ·.cdmmliIJ.icating ·with a ·taDker. ves-

20 just· been filled with water and sunk to :rest set .. · . · .. · . . 85 
on the marine floor. . The present invention contemplates the in .. 

FIGURE . 2 represents diagrainniatically . a ·terposition between petroleum and water in the 
vertical section of the storage apparatus to- uriderwater . petroleum storage apparatus of a: 
wards the end of the initial introduction of separating liquid 15 s11bstantially insoluble. ili 

25 separating liq11id. . . and inert to .t.he· petroleum- and wat¢r and hav:.. 90 
· FIGURE ·3 represents diagrammatically a ing ·a density intermediate the delisicy of the 
:vertical section of i:he storage apparatus as pe- stored petroleiim and· water; Lirie 16, having 
troleum is being introduced therein for storage. valve 17 therein, communicates between a 

'FIGURE 4 represents diagrammatically a somce of separating liquid (which may, ~or·in-
30 vertical section of the storage apparatus after stance, be a tailk ·m.nunted on the . deck struc:.. 95 

it ha.s been filled with petroleum; · ·· · · · i:ure of the apparatus, not shown)· and the tip~ 
FIGURE S · ·represents diagrammatically a per portion• of <:ol11II1n · 2, whereby said separat­

vertical section of the storage apparatus as pe- ing .liquid· 15 may be introducedfato the said 
troletim is being discharged -therefrom by hy- underwater ·petroleum storage vessel as· here-

35 draulic displacement. · · · · · inafter described. . . .. . . . 
· .FIGURE 6 represents diagranmuitically a By way of example, arid. not of l~tatiOn, 
vertical section of the storage apparatus at the a suitable separating liq11id 15 'w(mld.be a: eas:.. 
end of the petroleum discharge cycle. tor oil, partictilarly of the grade -known in the 

The present 'invention, in the preferred em- trade as. "blown" or oxidized. :As shown in 
40 ·bodiment, includes the structure disclosed in the 1955 · Catalogue of 'the Baker 

U.S. Patent 3,145,539, but all details of the Castor Oil Company, bfown oi 'oxidized castor 
present structure necessary to a clear and com- oils having specific gravities of ~bdut 0,97 are 
plete understanding of the present invention commercially ava_i_lable. The specific gravity of 
are described herein. sea water is· about. 1.02. The specific gravity 

100 

105 

110 4$ ·The 1lnden\rater petroleum storage appara-" of typical 'jet fuels is about 0.-80 and mil;f ra.nge 
tus is seen as comprising a liqwd-tight. hu11- between abotit ·o:83 - 0:90'for _t}ipical petro.:. 
1 (corresponding to hull ~ of U. S. Patent leuni crudes. Therefore, these castor oils .. will , . 
3,145,539) and column 2 (corresponding to co- fl.oat on sea water below a stored petroleiim 
lum 13 of U. ·s. Patent 3,145,53~): communi.:. and can effectively separate theseliquids. · .. · 

us SO eating therewith. ·While only ·one column 2 is · The operation of the llDderivater petro!Cum 
shown in the drawing, it will be understood storage apparatus will now be.described ... :- · 
that more than one such column· may be ~- It will be understood that the .Structure, in .·· .· 
ployed. Also, in the drawing, hull 1 m,ay. be the preferred· embodiment;. is marine· .stable 
of much larger horizontal dimen8ion than co';' and can be transported on"its own buoyancy 

55 lumn 2; and'thi1ds :indicated diagrammatically to the desired location. Thereafter, the 8true,. 120 
by· the.break iri hulll. . · • trire is ballasted with, water 18,· thro11gh con-
. Salt water receiver 3 (corresponding to salt ventiQnal ballast' pipirig.(not shown)<>t through -
water receiver 42 of U. S. •Pat~t 3,145,539) salt water receiver ·3, filled and slib,.nerged to 
communicates. with ·the lower portion of hull rest on :tI.ie marine floor, 19. Jf.q~sjred, pil~s, 

60 l thro1:1gh salt water line 4 (corresponding to well-.kno\Vn· in the art, m4y be· empfoyed to 
any of salt water lines 62-;..:.68 of U.S. Patent ancllor the structllte to marine fl.oor 19. Also, 
3,145,539) terminating in inverted funnel· 5. the structure may. :be submerged .to a '.position 
Pump 6 has its intake end connecteq to line iriterniediate the surface of the : sea 8 and 

125 

7 communicating ~ith the surrounding body ~~e ·floor 1·9 and ~ably ~upp0:rted .in such 
65 of .water 8, and discharges to salt water re- posltlon as by conven~tonal piles. · · · 130 
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The structure is now ready for the introduc­
tion of the separating liquid 15. Valve 17 is 
opened and separating liquid 15 flows from 
the source of separating liquid into the upper 

S portion of column 2 and on ·to the surface of 
water 18. As the level of separating liquid 15 
rises in column 2, water 18 in the structure 
will be discharged through overflow 10 of salt 
water receiver 3. A sufficient quantity of sepa-

10 rating liquid 15 is introduced into the structure 
to provide a layer of adequate thickness when 
the separating liquid 15 is subsequently dis­
placed to those parts of the structure having 

15 
a greater horizontal cross section as hull 1. 

The structure is now ready for the introduc­
tion of petroleum 20. Valve 12 is opened and 
petroleum 20 :flows from the source of petro­
leum into the upper portion of column 2 and 

20 on to the surface of separating liquid 15. As 
the level of petroleum 20 rises in column 2, 
water 18 in the· strµcture will be discharged 
through overflow 10 of salt water receiver 3. 
When the structure has been filled with petro-

25 leum 20, separating liquid 15 will extend com­
pletely from one side to the other of hull 1, 
and will function as a total barrier between 
water 18 and petroleum 20. 

When it is desired to remove petroleum 

30 from storage in the structure, pump 6 is oper­
ated to introduce water 18 from the surround-. 
ing body of water 8 into salt water receiver 
3, and valve 14 is opened. Water 18 passes 
through salt water line 4 into hull 1, and petro­
leum is displaced from the structure through 

35 unloading line 13. Any w.ater 18 in excess of 
that required to displace petroleum 20 at the 
desired rate is discharged from salt water re­
ceiver 3 through overflow 10. 

Means such as float controls responsive to 
40 the petroleum-separating liquid interface 21 

and the separating liquid-water interface 22 
may be employed to shut down pump 6 when 
the petroleum-separating liquid interface 21 
approaches the level of unloading line 13, and 

45 to close valve 12 when the separating liquid­
water interface 22 approaches inverted funnel 
5, so as to prevent loss of separating liquid 
1S through overflow 10 or unloading line 13. · 

The underwater petroleum storage appara-
50 tus may be deballasted by suitable convention­

al means and refloated to another site. 
It may be desired to eliminate altogether 

column 2, and to employ only hull 1 for stor­
age of petroleum 20. 'Such a structure would 

SS be completely submerged in the body of water 
8 except for those elements which may be de­
sired to be operated from the surface of body 
of water 8. Thus, petroleum loading line 11 
~nd unloading line 13 and separating liquid 

60 line 16 can communicate directly with hull 1. 
If a salt water receiver 3 is to be employed 
salt water line 4 can communicate with huti 
1 as in the preferred embodiment shown in 
the drawings. Alternatively, salt water receiver 

65 3 can be eliminated, and also hull 1 can com-

. \ 
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\ ·-' r ~'/i · ......... -·~-· ~ 

municate directly with the body of water 8, 
if this is desired. 

3 

It will be understood that FIGURES 1-6 
are esselitially diagrammatic, and the· levels of 
the various liquids in the structure are illustra- 70 
tive only. Also, the present invention is cap~le 
of use with other liquids not classified as ~- · 
troleum" but lighter than and insoluble in the 
separating liquid, and the use of the term "pe­
troleum" in the appended claims is intended to 75 
cover these other liquids. ' 

Some of the advantages accruing from the 
present invention are: 

1) The separating liquid 15 is not suscepti-
ble to mechanical damage, unlike the solid sep- 80 
tum or flexible membrane earlier referred to. 

2) The separating liquid 15 is easily intro­
duced into the structure when the latter is on 
the bottom of the marine floor 19. In the un­
likely event that separating liquid 15 is lost 85 
due to malfunctioning interface-responsive 
control means, or in the event it becomes 
ineffective, it may easily be replaced without 

·having to gain entrance to the interior of the 
structure. and without having to refioat the 90 
structure. 

·3) Should free water or other heavy conta­
minant be introduced into the structure along 
with petroleum 20, such constituents would 
pass through the separating liquid 15 and into 95 
the water 18. 

·4) Accurate metering of petroleum 20 is 
assured, 

WHAT WE CLAIM IS: -
1. Hydraulic displacement petroleum storage 100 

apparatus, which comprises a storage tank hav-
ing first means to pass petroleum and water 
into and out of the storage tank and second 
means to establish in the storage tank a layer 
of separating liquid between and in contact 105 
with the petroleum and water and floating on 
the water and completely physically separating 
the petroleum· and water, said separating liquid 
having a specific gravity intermediate that .of 
the petroleum and water and being substantial- 110 
ly insoluble in the petroleum and water. 

2. Apparatus according to claim 1, wherein 
said second means comprises a conduit com­
municating between a source of said separating 
liquid and the interior of said storage tank ad- 115 
jacent the upper portion thereof. 

3. Apparatus according to claim 1 or 2, 
wherein the storage tank contains petroleum 
and water, with said layer of separating liquid 
between and in contact with the petroleum and 120 
water and floating on the water. 

4. Apparatus according to claim 1, 2 or 3, 
wherein the storage tank is adapted to be sta­
bly supported in a marine location. 

5. Apparatus according to claim 1, 2, 3 or 125 
4, wherein said layer of separating liquid is 
adapted to travel vertically in said storage tank-· 
through a major portion of the height of said 
storage tank as the relative quantities of petro-
leum and water in said storage tank vary. 130 
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: The Structure is now ready: fot the introduc­
tion of the separatirig liquid 15. Valve lT is 
opened and · separating liquid 15 :flows from 
the source of separating liq'tiid .· into. the. upper 
portion of column 2 an:d on to the surface of 
water 18. As the·:level of separating liquid 15 
rises in: tolWilJi 2~ . water 18 in the strueture 
will be di5charged through ovetflow 10-of salt 
water receiver 3. A sufficient quantity of sepa-

10 rating liquid 15 is. introduced ·into the structure 
to provide a layer of adequate thicki1Css when 
the separ11ting -liquid l5 is subsequently dis­
placed · to those parts of. the structure ·having 
a greater horizontal cross section as hrill 1. 

15 The structrire is now ready for. the introduc-
tion of petroleum 20. Valve 12 is opened and 
petroleum 20. :flows from -the source of. petro­
leum into the upper portion of column 2 and 

20 
on to the surface of separating liquid 15. As 
the level of petroleum 20 rises -in column 2, 
water 18 in the strµcture will be discharged 
through ovetflow 10 of salt water receiver 3. 
When the structure has beeri fi,lled with petro-

lS leum 20, separating liquid 15 will extend com­
pletely from one side to the other of hull 1, 
and will function as a total barrier between 
water 18 and ·petroleunl-20. 

When it is desired to remove petroleum 

30 
from storage in the structure, pump 6 is oper­
ated to introduce water 18 from the surround­
ing body of water 8 into salt water reeeiver 
3, and valve 14 is opened. Water 18 passes 
through salt water line 4 into hull 1, and petro­
leum is displaced from the structure through 

35 unloading line 13. Any water 1'8 in excess of 
that required to displace petroleum 20 at the 
de~ired rate is discharged from salt water re­
ceiver 3 through· overflow 10. 

40 
Means such as float controls responsive to 

the petroleum-separating liquid interface 21 
and the separating liquid-water interface 22 
may be employed to shut down pump 6 when 
the petroleum-separating liquid interface 21 
approaches the level of unloading line 13, and 

45 to dose valve 12 when the separating liquid­
water interface 22 approaches inverted funnel 
5, so as to prevent loss of separating liquid 
15 through overflow 10 or unloading line 13. 

The underwater petroleum storage appara-
50 tus may be deballasted by suitable convention­

al means and refloated to another site. 
It may be desired to eliminate altogether 

column 2, and to employ only hull 1 for stor'." 
age of petroleum 20. 'Such a structure would 

55 be completely submerged in the body of water 
8 except for those elements which -may be de­
sired to be operated from the surface of body 
of water 8. Thus, petroleum loading line 11 
9:nd unloading line 13 and· separating liquid 

60 bne 16 can communicate directly with hull 1. 
If a salt WB:ter reeeiver 3 is t<? be employed, 
salt water line 4 can communicate with hull 
1 as in the preferred embodiment shown in 
the drawings. Alternatively, salt water receiver 

65 3 can be eliminated, and also hull 1 can com-

m'unicat~ directly with the body of water 8, 
if this is desired.. · 

'It will be understood that FIGURES 1-6 
are :essentially diagrammatic, and the levels of 
the various liquids in the Structure are. illustra- 70 
tive only;.AJso, the present invention is ca~~le 
of use with other liquids· not classified as ~­
tioleum" but lighter than and insoluble in· the 
separ-ating liquid,- and the use of the term "pe­
troleum" in the appended claims is intended to 75 
cover these other liquids. : 

Some of the advantages accruing from the 
present invention are: · 

1) The separating liquid 15 is not suscepti-
ble to mechanical damage, unlrke the solid sep- 80 
tum or :flexible membrane earlier referred to. 

2) The separating liquid 15 · is easily intro­
duced into the structure when the latter is on 
the bottom of the marine floor 19. In the un­
likely event that separating liquid 15 is lost 85 
due . to malfunctioning interface-responsive 
control means, or in the event it becomes 
ineffective, it may easily be· replaced without 
having to gain entrance to the· interior of the 
structure and without having to refl.oat the 90 

. structure. 
·3) Should free water or other heaVy conta­

minant be introduced into the structure along 
with petroleum 20, such constituents would 
pass through the separating liquid 15 and into 95 
the water 18. 

4) Accurate metering of petroleum 20 is 
assured. 

WHAT WE CLAIM IS:-
1. Hydraulic displacement petroleum storage 100 

apparatus, which comprises a storage tank hav-
ing first means to pass petroleum and water 
into and out of the storage tank and second 
means to establiSh in the storage tank a layer 
of separating liquid between and in contact 105 
with the petroleum and water and floating on 
the water and completely physically separating 
the petroleum and water, said separating liquid 
having a specific gravity intermediate that of 
the petroleum and water and being substantial- 110 
ly insoluble in the petroleum and water. · 

2. Apparatus according to claim 1, wherein 
said second means comprises a conduit com­
municating between a source of said separating 
liquid and the interior of said storage tank ad- 115 
jacent the upper portion thereof. 

3. Apparatus according to claim 1 or 2, 
wherein· the storage tank contains petroleum 
and water, with said layer of separating liquid 
between and in contact with the petroleum and 120 
water and floating on the water. 

\ ..... 

4. Apparatus according to claim 1, 2 or 3, 
wherein the storage tank is adapted to be sta­
bly supported in a marine location. 

5. Apparatus according to claim 1, 2, 3 or 125 
4, wherein said layer of separating liquid is 
adapted to travel vertically in said storage tank-· 
through a major portion of the height of said 
storage tank as the relative quantities of petro­
lewn and water in said storage tank vary. 130 
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-6; Apparatus aCCQI'Cfing'to any-one Qf .claim$ ·water ~and subJ,Derged-in- a marine location; said 1 - S, wherein said separating-·Iiquid is ca~tor septttating-liqu.id -is_ introduced into said stor-:-oil, preferably blown castor oil. .· . . .. . ·age. :ta,nk and -floated over:the_..entire surface . 

s 
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. · 7. App~atus according to claim 6,. wherein 0f·11aid'.water-thete.})Y. s.iµiultaneously displacing t~ petroleum.is jet fu~ having a, spedficrgrav" fro~ said _.storage· ta~ less, .. than all of : the ity betWl!en 0.80 - 0.90 and the wa~tis-~~a watet.in·s~d;,~otage tanlt a~-liquid petrolel®. 30 water. '• . . . . ' " . ·_. -:~ \. is;-introduced into:-:said. ~orage ~a~ and_floated 8. A method of storing_ petre>leum.;. whicJi :. QVer ,said ·lay~ .of .· ~epara$g:. liquid· thereby comprises introducing petroleum)~nd-:water i;il:-: simµJuneoµsly depressing said' layer of sepa"." -10 to a storage-. tank, and' . completely, '.physically riJti:Qg-. liquid . and . displacing :watei frqm.: 11aid separating the petroleum; and water by' floating ~orage tank. . .. · . . . . . . a layer of ~parating liquid on top of .th~·water . U.-.:Hydraulic displacemCJ1,.t petrol~um stor-between and in contact with the petroleum ancJ age, aJ>Paratus . substantially as hereinbefore .. de- .. wa~er, said separating . liquid .. having a ·specific · scribed wjt:Jt -refereµce . to .. and as illustrated in· 

3S · 

IS gravity intermediate th&.t: ofi:the .petroleum and the a-ccQmpa,nying. d.rawings. . ... · water 'a11d being ·substantially insoluble ·in -the : ·;.i2~ A !Dethod:of storing peµooleUni. accord- 40 petroleum :and water.•. · ... _ . - ·· :·· · ing.tQ olai~ 8, substantially as hereinabove de-9 .. ne method according to claUn 8, w.here;. ~ibed.>·,..; : ·.·· ·, ' in petroleum and water are introduced intct or -· 20 ~oved from the storage-tank-while maintain- :•. . ' ,,1For the_:AppliWrts, · · ing :the layer of_separatihg liquid ,floating>on )\1AJ'THEW'S, HADD.t\N & CO., . the water._ · .. ·. · .·· .· .•.· . . _-. ·. ~ CJiartered Patent Agents; · 1(). Th~ method according.to claim 8 or ·9; _ .... : 3J.,..;.~2 Bedford .$:t:reet, ~herein· the •storage tank .is ballasted· with " . . 'LondQn, ,'w.c;:2. 
Printed for Her Majesty's Stationery Office by ilte. C<>urier Press, Leam.ington Sp~, .1968.· . -~ Published Y,y tile Patent Office,. 2$: Southampton .Buildings, London;:W.C~2, from.· which. copies Jllay. be opta~ned, 
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