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This invention relates to improvements in float 

ing roof storage apparatus for volatile liquids, 
especially such apparatus as is now used for the 
storage of relatively volatile petroleum productS 
such as gasoline and crude petroleum. More par 
ticularly the invention relates to improvements 
in floating roof tanks of Irelatively large dian 
eters, usually in excess of 100 feet, employed for 
Storing petroleum oils. 
As far as known, the latest form of floating 

roof tank now used to a considerable extent in 
the petroleum industry comprises a large tank 
and floating roof or deck of slightly smaller diam 
eter than the inside of the tank resting directly 
on the liquid therein and floated by means of 
pontoons. This type of roof is also provided With 
an elaborate resilient seal for closing the Space 
between the roof and tank wall consisting of 
vertical metal shoes bearing against the tank Wall 
connected together and with the roof proper by 
a rubberized fabric material. The resilient Seal 
is usually supported by means of hinged braces 
or supports fastened to the floating roof proper. 

Floating roofs of this type are very expensive, 
but at the same time include no means for con 
Serving or saving the Volatile gases and VaporS 
evolved from the stored liquid such as gaSoline 
or crude oil. The resilient seal does not prevent 
escape of gas and vapors, but merely serves to 
prevent free access of the wind or air to the liq 
uid between the tank Wall and the floating roof 
proper. Furthermore, floating roofs of the type 
described are expensive to maintain because the 
upper portion of the tanks and all of the roof 
mechanism are open to the atmosphere and 
therefore trapdust, water, sand, snow, etc. The 
resilient seal operates against a tank wall wetted 
by the stored liquid so that considerable con 
tamination and obstruction is encountered, es 
pecially in crude oil storage tanks. Furthermore, 
the interior Surface of the tank is subjected 
alternately to the liquid in the tank and to the 
oxidizing effect of the atmosphere and corrosion 
occurs, so that in the case of refined products 
contamination or change of color may occur. 

Having in mind the elaborateness, high cost 
and disadvantages associated with the present 
type of floating roof storage apparatus, the pri 
mary object of the present invention is the pro 
vision of a floating roof tank provided with a re 
silient seal, which will be relatively inexpensive, 
free from contaminating influences, and at the 
Same time be effective for the conservation of 
evolved gases and vapors. - 
According to the present invention, the in 
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provements in liquid storage apparatus comprise 
in general a storage tank for example of the 
large cylindrical type, a sheet metal roof adapted 
to be supported by the liquid in the tank and 
adapted to move relatively to the side wall of the 
tank as the liquid level in the tank varies, the 
floating roof including a metal roof plate prefer 
ably above the tank wall and a depending metal 
curtain wall or apron, for example, of the general 
shape of the tank wall secured in fluid-tight man 
ner to the roof plate near the periphery thereof 
inside the tank wall with its lower edge normally 
sealing in the liquid in the tank, and a resilient 
annular closure member or seal mounted in con 
tact with the tank wall, for example, on top of 
the tank wall and adapted to enclose the Space 
between the curtain wall and tank wall to retard 
evaporation of and protect the liquid therebe 
tween. . . . 
With such an improved storage apparatus for 

liquids, to be described and elaborated more in 
detail hereinafter, the following improvements 
and advantages over prior art storage tanks are 
attained: 

1. Practically complete elimination of con 
tamination of the stored liquid from dust, dirt, 
water, etc. . . . 

2. Substantial savings in the cost of the float 
ing roof. 

3. Avoidance of contamination of the resilient 
closure seal by the stored liquid. 

4. Avoidance of contact of the resilient cloSure 
seal with tank surfaces wetted by the stored liq 
uid. 

5. Reduction in the fire hazard. 
6. Discharges tank atmosphere instead of 

drawing air into the tank area, as the tank is 
emptied. 

7. Increased utility and reduced unit cost by 
providing full liquid capacity storage as well as 
large gas and vapor storage and conservation. 
Other features, improvements and advantages 

of the liquid storage apparatus of the present 
invention will be apparent to those skilled in the 
art from the following description of certain 
illustrated examples made in connection with 
the accompanying drawing in which: 

Fig. 1 is an enlarged vertical transverse sec 
tion through the upper portion of a cylindrical 
liquid storage tank illustrating one form of the 
invention. 

Figs. 2, 3 and 4 are views similar to Fig. 1, illus 
trating further forms of the invention, except 
that FigS. 2 and 3 are on a Smaller Scale and 
show the lower portion of the tank. 
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Referring to Fig. 1 of the drawing, the in 

provements of the present invention are shown 
applied to a cylindrical tank having a wall 0 
provided with a top curb 2. In this instance 
the floating roof for the tank comprises a roof 
plate 4 having an extended portion 6 which 
projects substantially over the tank Wall 0 and 
which may be integral or a separate plate. The 
roof plate 4 may be flat, but is preferably 
erected in cambered form, as shown, So as better 
to withstand internal pressure and readily shed 

0. 

rain water which is discharged outside the tank 
Wall O over extension f6. The floating roof 
also includes an annular or cylindrical sheet 
metal curtain wall or apron 8 which generally 
conforms to the shape of the Wall 0 and ex 
tends slightly inside the wall 10, its lower edge 
normally sealing in the liquid 20 (Figs. 2 and 3) 
in the tank. The roof plate 4, while preferably 
placed as shown, may be secured to the curtain 
wall 8 at any desired level from about a foot 
above the lower edge of the curtain to the top, 
in line with the plate 6. 
In the form of the apparatus shown in Fig. 1, 

the space between the wall O and the curtain 
i8 is enclosed by means of a resilient Sealing 
member 22 which is attached to the curb 2 by 
any suitable or well-known means (not shown). 
The member 22 (as also members 30 and 34, 
(Figs. 3 and 4) may comprise a mat seal of the 
type shown and claimed in the applicant's pend 
ing application Serial No. 332,659, filed May 1, 
1940 (which is not a gas-tight seal), or any other 
type of suitable sealing member may be em 
ployed. The present invention is not concerned 
With the specific type of seal used to enclose the 
space between the curtain 18 and the wall iO, 
but the mat seal described in the above-men 
tioned application is preferred. It is particu 
larly applicable to the form of tank shown in Fig. 
1 of the drawing, since the seal is inclined up 
wardly toward the curtain wall 8 and serves to 
deflect or shed any extraneous matter which is 
not diverted by the roof plate extension 6. 
The curtain 8 is of sufficient depth to Seal in 

any liquid normally maintained in the tank (Figs. 
2 and 3), and at the same time keep the roof 
plate 6, and in the preferred form plate 4, 
above the wall 0 and sealing member 22. Cur 
tain 8 is attached in fluid-tight manner to plate 
or sheet 4, and also preferably fluid-tight to 
the annular plate 6. 
The modification of the invention shown in 

Fig. 2 comprises, in addition to the elements 
shown in Fig. 1, an outside curtain or apron 24 
attached to the rim of the extension 6. This 
curtain 24 normally encloses a substantial por 
tion of the tank wall 0 and the Sealing member 
22, and thereby more perfectly prevents access 
of extraneous matter to the liquid in the tank. 
This curtain furthermore practically prevents 
the usual Wind action. It will be noted that the 
curtain 24 is somewhat shorter than the curtain 
wall 8, to permit access to the sealing member 
22 by elevating the floating roof, so that the seal 
ing member is exposed while the curtain Wall 8 
is still sealed in the liquid in the tank. The ele 
vation of the floating roof in this manner per 
mits repair or replacement of the sealing mem 
ber 22. 

Figs. 2 and 3 show the tank more completely 
than Figs, 1 and 4, and these views include a 
portion of a bottom plate 26 on which is mount 
ed landing blocks 28 so that the curtain Wall 8 
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2,344,486 
will be supported slightly above the bottom of 
the tank, when the liquid is removed or the gas 
under the roof plate 4 is removed sufficiently 
to let the roof curtain settle to its lowermost 
position in the tank. In addition to the landing 
blocks 28 any suitable supporting means may be 
used to support the roof plate and take the 
weight of the roof. Such a structure is not shown, 
but is commonly employed in connection with 
floating roofs or decks. 

Fig. 3 shows a further modification of the in 
vention illustrated in Figs. 1 and 2 in which the 
annular resilient sealing member is mounted on 
the lower portion of the apron or curtain 24, so 
that it bears against the outside of the tank wall 
O as the roof moves up and down in the tank 

with the changes in liquid level or in the volume 
of gas inside the curtain Wall 8. The resilient 
Sealing member as shown in Fig. 3 comprises a 
mat or other form of resilient seal 30 fastened to 
the bottom portion of the curtain 24 by means of 
suitable clamping elements (not shown). The 
member 3) is illustrated as inclined downwardly 
(preferably) with respect to the curtain 24 
against the tank wall. O and forced or held 
against the tank Wall by means of Suitable piv 
oted bracket levers 32, spaced at suitable inter 
vals around the tank. These bracket levers 32 
may be provided with weights 34, or springs or 
other suitable means for holding the annular 
sealing member 30 in sliding contact with the 
outside of the tank wall (). The member 30 may 
be placed horizontally or inclined upwardly if 
desired. 

Fig. 4 shows a further modification of the foat 
ing roof tank in which the inside and Outside 
curtains are employed as in Figs. 2 and 3, but in 
which the sealing member 34 is attached to the 
top of the tank wall 0 and bears against the in 
side of the curtain. 24. The annular sealing mem 
ber 34 may be inclined downwardly or upwardly 
from the tank wall 0 and any Suitable means 
(not shown) may be employed for causing the 
member to bear against the curtain. 24. In many 
cases such a property (springiness and rigidity) 
may be inherent in the Sealing member itself, SO 
that outside springs or weighted brackets will be 
unnecessary. 

In all modifications of the floating roof tank 
shown in Figs. 2, 3 and 4, the curtain 24 is pref 
erably Secured in fluid-tight manner to the ex 
tension f6, and in at least Figs. 2 and 3, these cur 
tains are preferably shorter than the curtain walls 
8. However, this may be unnecessary, as for 
example when the curtain Wall 24 is merely bolted 
to a flange on the extension 6 and can be read 
ily removed. 
The improved floating roof of the present in 

Vention must of necessity be held in substantially 
horizontal or level position, so that the lower edge 
of curtain f8 is substantially horizontal and the 
Curtains 8 and 24 move parallel with respect to 
the tank wall. The floating roof may be stabilized 
and maintained in this desired position by any 
Suitable means as for example by means of a cable 
or plurality of cables fastened to the tank wall 
and/or bottom and the roof including curtains 
f8 and 24, in the various ways described in the 
applicant's application, Serial No. 329,875, filed 
April 16, 1940, for "Storage tanks for oils and 
other liquids.' Alternatively, the floating roof 
may be held in a suitable horizontal position by 
other guide means known in the art. 
The liquid to be stored in the tank may be in 
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troduced thereinto or removed therefrom by suit 
able piping or swing lines (not shown). Likewise 
suitable means (not shown) may be provided for 
removing vapors and gases from under the float 
ing roof or for supplying gas thereto, Such means 
preferably including a swing line or equivalent for 
supplying and removing gases from directly under 
the roof plate 4. However, a gas line terminat 
ing slightly above the top of the tank Wall ?t 
within the curtain wall 8 is suitable for Supply 
ing and removing gas. It will be apparent that 
the improved liquid storage tank of the present 
invention may be employed as a breather tank and 
connected to one or more storage tanks provided 
with fixed vapor-tight roofs. When the tank is 
connected in this manner, gas and vapor from 
adjoining tanks, as well as those evolved from 
the liquid in the tank itself, will collect under 
the floating roof within the curtain wall 8, for 
example, during the day time, and at night 
when the tanks become cooler the floating roof 
will supply gas to the outside tanks, and Settle 
to a corresponding degree. 

It will be apparent that the floating roof will 
move up and down in the tank as the liquid level 
therein so moves, and that it will also move in 
response to changes in the volume of gases lin 
der the roof within the curtain wall 8. If gas is 
withdrawn abnormally, the roof may Settle SO 
that the curtain wall rests directly on the land 
ing blocks 28 and the liquid level rises inside 
the curtain Wall 8 to the level outside. 
The floating roof is also preferably provided 

with an automatic safety valve (not shown) of 
usual and well-known structure, adapted to pre 
vent the creation of a vacuum under the roof. 
such a valve will also admit air under the roof 
when it is in a low position in the tank and 
when the oil or other stored liquid is being with 
drawn. It is preferred however in Such cases 
to supply outside gas under the floating roof 
to maintain a gas layer, so that the roof is at all 
times except when the tank is empty, Supported 
by a gas layer above the liquid level Within the 
curtain 8. The safety valve referred to may 
also be arranged to discharge gas automatically 
in preference to permitting gas to bubble around 
the lower edge of the curtain wall 8 as When 
too much gas is supplied to or evolved in the 
tank. 
From the foregoing description of the various 

forms of apparatus of the present invention, it 
will be apparent that the applicant has provided 
a fioating roof storage tank which is effective 
for preventing excessive vapor losses, not Only 
from the liquid stored therein, but also from lic 
uids stored in other closed tanks having their 
vapor spaces connected with the improved tank 
of the present invention. The floating roof is 
furthermore arranged to trap and retain Con 
siderable and variable volunes of gases and va 
pors, and thereby avoid the usual losses and pre 
vent breathing of air into connected tanks Such 
as those provided with vapor-tight roofs. The 
annular resilient sealing means of the present 
invention is furthermore so arranged as to ac 
complish the results and objects of the invention 
in connection with the use of the extension plate 
6 and the curtain wall 8 or curtain Walls 8 
and 24. 
The improved liquid storage tank of the pres 

ent invention greatly reduces the hazard from 
fire in storing inflammable liquids because the 
floating roof including the curtain 24 actually 
prevents air from filling the enclosed area of the 
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tank as is common with ordinary floating roofs. 
This is very important when tanks are being 
emptied. In the present form of tank, air fills 
the whole area in the tank above the floating 
roof. 
Various modifications may be made in the 

different elements of the improved floating roof 
liquid storage tanks, but such changes are to be 
understood as included within the Spirit and 
Scope of the present invention, as defined by the 
claims. 
Having thus described the invention in its pre 

ferred form, what is claimed as new is: 
1. In an apparatus for storing large volumes 

of liquids and for reducing the loss due to the 
evaporation of stored liquids such as petroleum 
products, an upright cylindrical storage tank of 
large diameter, a sheet metal roof adapted to be 
fioated by the liquid in the tank and to move 
vertically relative to the side wall of the tank 
as the liquid level in the tank varies, said roof 
comprising a metal roof plate above and extend 
ing over the tank wall and two depending annu 
lar metal curtains secured to the roof plate near 
the periphery thereof, one of said curtains being 
inside near the tank wall secured in a fluid-tight 
manner to said plate and normally extending in 
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to and sealing in the stored liquid in the tank, 
the other curtain being outside and near the 
tank wall and adapted to enclose a Substantial 
portion of the heighth thereof, and a resilient 
annular closure member interposed between the 
tank wall and one of said metal curtains enclos 
ing the space above the liquid around the inside 
curtain, said closure member being adapted to 
permit the passage of gas into and from Said 
space but adapted to prevent the free circulation 
of air into said space. 

2. An apparatus for storing liquids as defined 
by claim 1 in which said annular closure mem 
ber is mounted betWeen the tank Wall and the 
Outside curtain. 

3. An apparatus for storing liquids as defined 
by claim 1 in which said closure member is fixed 
to the upper portion of the tank Wall and bears 
against One of said curtains in sliding contact 
thereWith. 

4. An apparatus for Storing liquids as defined 
by claim 1 in which said annular closure men 
ber is fixed to the lower portion of said outside 
curtain and bears against the Outer side of said 
tank wall in sliding engagement therewith. 

5. An apparatus for storing liquids as defined 
by claim 1 in which said closure member is fixed 
to the upper portion of the tank wall and bears 
against One of said curtains in sliding contact 
thereWith and in which the Outside curtain is 
Shorter than the inside curtain to an extent 
adapted to permit access to said closure member 
When the roof is in Substantially its maximum 
elevated position. 

6. An apparatus as defined by claim 1 in which 
said annular closure is fixed to one part of the 
apparatus and in a position to avoid contact 
with surfaces of the apparatus Wetted by the liq 
uid in the tank as the level of the liquid in the 
tank varies. 

7. A tank structure for storing volatile liq 
uids and gases having a side Wall comprising an 
outer-lower stationary Vertical annular wall sec 
tion and a Wertically movable section including 
an inner-upper annular wall section of slightly 
Smaller diameter than and Spaced from Said 
lower wall Section, a roof secured in fluid-tight 
manner to the top of the upper wall section, said 



4. 2,844,436 
upper wall section being Open at the bottom and 
of sufficient depth to extend from a point above 
the lower wall section to normally seal in the 
liquid when stored therein, an annular shield at 
tached to the top portion of the upper wall sec 
tion overlying said stationary wall, and an annu 
lar closure member attached to the upper part 

of the stationary wall section and mounted in 
sliding contact with the outer surface of the 
other section enclosing the Space between said 
wall sections but adapted to permit the passage 
of gas to and from said space, thereby reducing 
evaporation of liquid between said Wall sections. 
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