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THE | NVENTI ON 100011 This invention relates generally
to large-scale |iquid storage tanks, and nore
particularly to full-contact, floating-roof storage
tanks used for storing liquids at atnospheric
pressures. Such tanks, which sonetines include a
separate, fixed roof, commonly range. from 15 to
400' or nore in dianeter, holding up to 1.5 mllion
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porate. Consequently, efforts are often
Madegd Qoplic il ze evaporation |osses in storage tanks.

REFERENCE TO A COMPACT DISK APPENDIX
Not applicable.

BACKGROUND OF THE INVENTION

[0001]  This invention relates generally to large-scale liquid storage tanks, and more
particularly to full-contact, floating-roof storage tanks used for storing liquids at atmospheric
pressures. Suk:-h‘tanks, which sometimes include a separate, fixed roof, commonly range:

from 15° to 400° or more in diameter, holding up to 1.5 million barrels of liguid or more.."

[0002]  Vapor control is often an issue. Vapors escaping from stored hydrocarbon-béséd
liguids can present a health, safety, or fire hazard. Vapors escaping from flammable liquids
can form an explosive mixture with air. Other liquids, particularly those containing sulfur,
have an objectionable odor when allowed to frecly cvc;:lporate. Consequently, efforts are often

made 1o minimize evaporation losses in storage tanks.

[0003] A floating roof is a buoyant structure that floats on the liquid surface, limiting
evaporation. An “internal™ floating roof'is used inside a tank with a separate, fixed roof. An
“external™ floating roof is used in a tank that has no fixed roof. In addition to reducing
cvaporaﬁon losses, floating roofs also keep weather and airbome contaminants out of the

stored product.



100031 A floating roof is a buoyant structure that
floats on the liquid surface, limting evaporation.

An "internal" floating roof is used inside a tank
with a separate, fixed roof. An "external" floating
roof is used in a tank that has no fixed roof. In
aeldizta7osvetio reduci ng evaporation | osses, fl| GaTUAYO7T/O11274
roof s al so keep weat her and ai rborne contan nants out
of the stored product WD 20071139674PCMLS20071011274
[0004] There are different types of floating roofs. A
vapor -space roof typically has buoyant nenbers that
support a deck above the liquid surface. For exanple,
some roating roofs have a relatively thin al um num
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roof at a low level. These supports can be fixed or adjustable. Fixed supports provide
limited maintenance accessibility and decrease the useable tank volume. Mannally- |
adjustable supports impose less limitation, but generally require personnel to entera
confined, potentially dangerous space to adjust the settings of the supports. They also add

more weight to the floating roof and create potential emission pathways.
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100081 Supporting a floating roof froma fixed roof

or providing renotel y-activatabl e bottom supports
woul d al l ow the position of a floating roof to be

adj ustable fromthe outside. However, the cost of

such arrangenents has generally been prohibitive on
full-contact roofs. 100091 The fact that |iquid
product sometines collects on the deck of the

floating roof contributes to the high cost. If too
much |iquid reaches the top of the deck, it can

i mhal ance the roof and cause it to sink. Recovery of
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I'n accordance with a first aspect of

thqﬂgﬁpggp@mh@yentlon there is provided a liquid
storage tank that has a shell wall and a roof that
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gravity drain openin [0012] As described in nore
detlaghter eighivin tirheamselcdr nanBpasisHito warsad dp feqtigp roof from a fixed
t||t|ng structure that enables the top surface of the
ded®fto be tilted toward a new formof drain. The

drain has an opening that is Z?aced at a significant

di stance above the top surface’ of the deck. This

spacing may help to prevent stored product from
unintentionally flow ng up through the drain onto the
top of the deck. [0013] Use of the storage tank
according to enbodi mrents of the invention may permt

the peripheral rimof sone roofs to be as little as

15" or less, and a central portion of the deck to be



BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] The
i nvention may be better understood by referring to
the acconpanying draw ngs, in which: [00151 FIG 1 is
an el evational cross-sectional view of a storage tank
Wi t Br feonP8dlsideQff fhe itR O ROWsa Echid @yt ddgvated Vaadibg @ippor{s QARG ol which can
FIG 2 is an elevational cross-sectional view of a
St omagsc thankeable tdpadity bihk lieagkaehkpan roof i ncorporating
the invention. [0017] FIG 3 is an elevational
cr o1k dh hanahney ivgiva 6fst @pest afitisegeestrd ivkentipt, thege ippratidadr liquid
roof incorporating the invention. [0018] FIG 4 is an
el estargeomdlihat has g shedlellidohatooiba hesafdek vthartegyaripcgpd is designed
with a hybrid roof i ncog_l%or ating the invention.
PCTIouszo o7l pifiin ewabdlpatisgaguh] Ugace Pt rpdgst stpredgin ghe tank, the
pl an vi ew of the pan_roof infi%.,l. . .
tank baving;: at least one gravity drain on the roof with an opening spaced at a significant
distance above the top surface of the deck; and a structure that enables the top surface of the
deck to be tilted toward the gravity drain opening.
[0012] As described in more detail below, the new arrangement uses special tilting
structure that enables the top surface of the deck to be tilted toward a new form of drain. The
ldrain has an opening that is spaced at a significant distance above the top surface of the deck.
This spacing may help to prevent stored product from unintentionally flowing up through the
drain onto the top of the deck.
[0013] Use of the storage tank according to embodiments of the invention may permit the
periinheral rim of some roofs to be as little as 15" or less, and a central portion of the deck to
be as little as 1/8" thick or less. These relatively small dimensions and the resulting reduced
weight can provide significant advantages, including more volume in the tank available for
stored product.
BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The invention may be better understood by referring to the accompanying
drawings, in which:
[0015] TFIG. 1 is an elevational cross-sectional view of a 'storage tank with a pan roof -
incorporating the invention.
[0016] FIG. 2 is an elevational cross-sectional view of a storage tank with a bulkheaded
pan roof incorperating the invention.
[0017] FIG. 3 is an elevational cross-sectional view of a storage tank with a pontoon roof
incorporating the invention.

[0018] FIG. 4 is an elevational cross-sectional view of a storage tank with a hybrid roof

incorporating the invention.



[0020] FIG 6 is a plan view of the pontoon roof in
fig. 3. 100211 FIG 7 is an enlarged, cross-sectional
el evational view of one of the drains on the pontoon
roof of fig. 3. 100221 FIG 8 is an el evational
cross-sectional view of a storage tank with a pan :
WOl 1§‘516§{Jended in a lovv position. [0023]PEI200G01137
W'el’8Vat i onal cross-sectional view of a storage tank
wi th a bul kheaded roof suspended in a | ow position.
0024] FIG 10 is a detailed view of a possible
| andi ng support for .the roof. DETAILED DESCRI PTI ON
[ 0025] Exanpl es of storage tanks with the new
self-draining floating roof can be seen:in the

figures. Each illustrated roof 10 is part of a
[0018f OFRGES is amlkan v2ev pZtbapangeci 8 dig for st or | ng' |iquids
at atnospheric pressure. Each illustrated floating
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[0023] G- § IS o at g ?B%fse‘fqg"%%n‘i‘%bgﬁﬁﬁt %/ 8" thick, and
the peripheral rim20 is approximately 12" high. The
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roofs could be made of other materials . eaded
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mat eri al . 50027]_ _.The use of |ightweight stainless
roofstgpehdedar PSRy be economi cal when storing

corrosive products. A stainless steel ‘r?of ort)gprs
(0BG EFIE. 10 tvataigdsiconada passel BERIDEFURPT 145 g o0k

DETAILED DESCRIPTION

[0025] Examples of storage tanks with the new self-draining floating roof can t_)é' seen‘in
the figures. Each illustrated roof 10 is part of a storage tank12 that' can be used for storing
liquids at atmospheric pressure. Each illustrated floating roof has a deck 14 with a top

surface 16, a bottom surface 18, an outer rim 20, and a plurality of drains 22.

[0026] The roof 1€ of the tank 12 illustrated in fig. lis z{rela_xfiycly thin pan roof. In
conventional pan roofs, the deck central portion is typically around 3/16” thick, and the rim is
typically around 15-22" high. The central portion 26 of the illustrated roof is only about 1/8”
thick, and the peripheral rim 20 is approxir?)ately 12" high. The illustrated roof is made of

steel, althongh similar roofs could be made of other materials, such as aluminum, composite

material, or other non-metallic material.

[0027] Theuseof lightweight stainless steel materials may be economical when storing

corrosive products. A stainless steel roof offers several advantages over a carbon steel roof.



WO 2007/ 139674PC1/ 11S2007/ 011274 For exanple, a
stai nl ess steel roof should not require the corrosion
al l omance required for a carbon steel roof It also
shoul d not require underside seal welding or
painting. In those cases, it may be possible to
I Wwob:@l7hiz@z4r educed-t hi ckness stai nl ess st eel peoekeatoids
cost that is conparable to the cost of a traditiona
carbon steel roof. [0028]J Wth the invention, other
arrangenments can al so be used for a floating roof For
exanpl e, the roof 10 of the tank illustrated in fig.
2 is a bullcheaded pan roof. Deck rimpartitions 32
di vide the top of the roof, confining any liquid that
may get on the top of the deck 14 to individual
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illustrated in fig. 3 is a pontoon roof. A closed
cahom stoe) Fod6 It ﬁb‘ﬂﬁ@ gotrpruine ypdersidgwalieldiag prpagng. In those
pontoons are approximately 21" hi %h and ap gX|nate£¥_
cases,AilgpRy i RASSIbIDER ISRl AT gstardd 'P’ICB?ES Pnigss plog %8 PSAst that s
n also be used.to ether hybrid roof, as
w@B‘EﬁﬁFW‘Ff gpst of a Hagtion ﬁtg ﬁ%nsi ons of the
various & ts of the roof can vary as needed:: fir
{0028 s eV gl thepiwestion, hiker apmpemaptstcan lsq be wed fa1e flpating jogf. For
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[0032] The illustrated drains 22 each have a conduit
60 that projects through the roof 10. The illustrated
conduit is about 3 inches in dianeter, and has a
bottom opening 62 that is | ocated several inches
bel ow t he bottom surface 18 of the deck. O her
¥}d Argasent s could be used. An em ssion conkaEUS2007/011274
device such as a flap valve or a ball float can be
used with the drain to limt gas em ssions through
the conduit while allowing liquids from above to
drain. [0033] Liquid can be drained fromthe
illustrated roof 10 by tilting the deck 14 toward the
drains 22. The slope of the tilted deck causes the
liquid to pool toward the drains. Once the |evel of
thetrbd ipaoipedectly dayetl Thealtiversted Heaifseyeclpeatsid nepreheirigg 29- On the
opening 56, the liquid begins to drain through the
powsenchapf 106@en infSEy, 31arg Ay thp/drinsare, IW‘EWM g%v'am[séovﬁ e
A variety of different kinds of tru e can be used
pontepn 36, tArfamgetRestTothey thanthesg dllysira) F"é‘§ Y5 Hsen f gs. 8
and 9, the roof is arranged so that the deck 14 tilts
(000N GAltest staaiarfig. 7, i itlnaransl d2dns MSammtbeir@mmatﬁryve a drain
cables or landing supports. 100351 In these exanp
openirtgl 56shat O spaed abeeisnificans distante gboyh ke pERacs 16ph Fl§= deck 14. In
arrangenent relies on the ability. of the deck t
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to the outside, in a conical shape seen in figs. 8

- pro&i&é gSod @Xinggertizh @ root; tilbﬁasdi’embﬂg Bolow. mﬁﬁﬂemumng theheight

Tlieetatiles 70 can bé ‘attached, folex'atii. Ae, to
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shell wall'51i In these .65 he tables 96that are

N spegt@n mervitgof €.8. Thismay prowde flexibility for.storage of a wide range.of prediicts:

[0032] The illustrated drains 22 each have a conduit 60 that projects through the roof 10.
The illustrated conduit is about 3 inches in diameter, and has a bottom opening 62 that is
located several inches below -the bottom surface 18 of the deck. Other arrangements could be
used. An emission con&ol device such as a flap valve or a ball float can be used with the

drain to limit gas emissions through the conduit while allowing liquids from above to drain.

[0033] Liquid can be drained from the illustrated roof 10 by tilting the deck 14 toward the
drains 22. The slope of the tilted deck causes the liquid 1o pool toward the drains. Once the
‘ level of the pooled ligunid reaches thé level of the drain opening 56, the liquid begins to drain

through the conduit 60.



Central portibit 26 of the roof b .re
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W%FFB& or their upper attachnent points can be noved

| aterally so that sonme of the cables extend at an

angl e, depicted by 70', shortening the effective

vertical length of those angled cables. 100371

Supporting the floating roof 10 fromthe shell wall

50 or froma fixed roof 88 can provide another .

benefit. In the event the roof becones |nbalance?%§pd
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i nci dent and restoration costs.
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[0037} Supporting the floating roof 10 from the shell wall 50 or from a fixed roof 88 can _
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to level the roof, reducing damage from the incident and restoration costs.
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[0041] The landing supports 100 can be remotely activated 50 that they do not extend into
the stored product except during emptying operations. The supports seen in fig. 10 include a
suppoﬁ leg 112 that extends through a sleeve 114. The illustrated activator 116 includes a
remotely-activated pusher 118 and a weight 120 that can be moved to a storage position 120’
during maintenance. The illustrated weight automatically unlocks the activator when the roof
begins to rise. The -activator can operate in a variety of ways, Tt can, fox; example, be based
on a cable release of a spring or pressure cylinder, by pressure applied to a tubing manifold,

or by electronic activation. The supports can be arranged to provide for both 2 low operation



be set to open when the-roof hitg.the | anding
position:. This can helji!to assure that vacuum
i ssues that can.otherw se arise when the liquid
| evel -falls.below the roof-are no nore of.a problem
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W&y Gefadshan- nor mal  breat her vent may be usedms@avoily
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the roof in these ways can reduce the need for
provi ding access to the top of the floating roof.
~This, in turn, can elimnate the need for vertica
| adders on the inside wall of the tank. Elimnating
| adders | owers em ssion possibilities. 100451 This
descri ption of various enbodi ments of the invention
postiias, A1egHer prabvdncken pbeition, lahdi6f deaired) en pranhd@esposition for easier
Revi sions or nodifications may be apparent to those
accoh fypaintieg, ptoskoside thefarkhe art wi t hout departing from:
the invention. The full scope of the invention is set
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storage tank that has a shell wall and a roof that
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manual drain may be installed in a small sump to avoid product exposure.

[0043] As with other ﬂq’ating toofs, a bréather vent: 114 (figs. 8 and 9) on the roof 10 can
be set to open when the roof hits.the landing posit:io'nl.' This can helprto assure that vacuum
issues that can otherwise arise when'iﬁe.'liquid level falls below the roof are no more of.a -
problem than with conventional floating roofs. A imga—mm—no@al_breama vent may be-
used to avoid vacuum loads greater t-han 5 psf.

[0044] Supporting the roof in these ways can reduce the need for providing access to the
top of the ﬂoating roof. This, in turn, can eliminate the need for vertical ladders on the inside

wall of the tank. Eliminating ladders lowers emission possibilitic?s.

[0045] This description of various embodiments of the invention has been provided for
illustrative purposes. Revisions or modifications may be apparent to those of ordinary skill in

the art withont departing from the invention. The full scope of the invention is set forth in the

following claims.
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3. A storage tank as recited in claim1l, in which the
roof is a bul kheaded roof with a peripheral open-top
bul khead conpartnent and a central open-top bul khead
conpartnent. 4. A storage tank as recited in claiml,
in which the roof is a pontoon roof with a periphera
ClpaiM®on. 5. A storage tank as recited in claiml, in
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dg@f{l gIt on a plane. 10. A storage tank as
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enabl es the deck to tilt_ conig¢ 1. A stora .
2.t rittorage tagk pg gited cHlanhd 40 W %ﬁ% EPtEhePE IiOPfW%E a peripheral
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"he roof to elevated portions of the tank

3. A storage tank as recited in claim 1, in which the roof is a bulkheaded roof with a
peripheral open-top bulkhead compartment and a ceniral open-top bulkhead
compartment.

4. A storage tank as recited in claim 1, in which the roof is a pontoon roof with a

peripheral pontoon.

5. A storage tank as recited in claim 1, in which the roof is a hybrid roof with a

peripheral pontoon and a central open-top compartment.

6. A storage tank as recited in claim 1, in which a central portion of the roof is no more

than 2 inches thick.

7. A storage tank as recited in claim 1, in which a central portion of the roof is no less

than 1/32 inch thick.

8. A storage tank as recited in claim 1, in which the roof is made primarily of steel and

the height of a per‘ipheral rim on the roof is no more than about 30".

9. A storage tank as recited in claim 1, in which the tilting structure enables the deck to

tilt on a plane.
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12. A storage tank as recited in claim11, in which
the tilting structure includes cables connecting -
different parts of the roof to an overhead fi xed roof
13. A storage tank as recited in claim1, in which
the tilting structure. inc)udes cabl.es attached .to '
10.0} stpesgze fankdis sedisAdn SRR el waeh die tfing & fre énables the deck to
lLevatiqns. 14. A storage tank as recited in claiml,
ﬁ%t%ﬁﬁ%ﬁyThe tilting structure includes self-coiling
cables. 15. A storage tank as recited in claiml, in
which the tilting styueture j.nclu su rts th
1. tigrge Fbs i RE AB AT dr Pswfalfﬁ #ﬁ‘gfﬁﬁs% ?tg‘ﬁ%%_ﬂsfff “i‘%%‘_é‘?eﬁs §aples
]cgnn&tiﬁ% QI RgEt,ARK o REhe 68 th @ vhidd pbAioNs bf theambi ch
the tiIting structure includes supports that extend
fromdifferent parts of the bottom of the roof,

dj fferent supparts having.different,.. '

12 e g AR S 193 LR BRI Snluos s
Wb ed b Giftdrbitipags B (HeGbolTte ahnebilidabfisebpof.t s t hat
can be activated renptely to extend fromdifferent

parts of the bottom of the roof 18. A storage tank as

recited in clai.m,1. in i.C il s
13 £ SR BB Tt i QL AL S A e
exhend alifirbiieeanns of fieabola diffrghtrdevations. di f f er ent

parts of the bottom of the roof 19. A storage tank as
recited in claim1, in which the gravity drain

opening .J - L6 196 R RicR RGN ' GedIf-coilin
b b R A e e R

Aable@rage tank as recited in claiml, in which the

gravity drain opening is an automatic drain opening

that is spaced from3" to 9" above the bottom surface

1594 S‘Eo'ijs?ge tank as recited in claim 1, in which the tilting structure includes supports
that extend from different parts of the bottom of the roof.

16. A storage tank as recited in claim 1, in which the tilting structure includes supports
that extend from different parts of the bottom of the roof, different supports having
 different effective lengths. '

17. A storage tank as recited in claim 1, in which the tilting structure includes supports
that can be activated remotely to extend from different parts of the bottom of the roof.

18. A storage tank as recited in claim 1, in which the tilting structure includes supports
that can be activated remotely to extend at different effective lengths from different

parts of the bottom of the roof.

19. A storage tank as recited in claim 1, in which the gravity drain opening is an

automatic drain opening that is spaced from 2" to 8" above the top surface of the deck.
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deck. 21. A storage tank as recited in claiml, in
which the gravity drain opening is an automatic drain
opening that is disposed near a peripheral rimof the
roof 22. A storage tank as recited in claim1l that

has a plurality of gravity openi aced.
20. éb&gtag@ sk rag ggcitod in &a’éﬁ‘ br %@%ﬂ?‘hﬁ]ﬁ 35}’1?2@?1{18 elflﬁg A m
{o%a“éﬁ'd?é]n E)g&u%ﬁl\éﬁsﬁpﬁe@'ffbnﬁ’ peR) P'AbbSe Gl battb@satiace of the
Far openi n ank al so has at |east one
mﬁagal drain opening. 24. A storage tank as recited

inclaiml that also has a manual drain opening
di sposed near an outer rim

21. A storage tank as recited in claim 1, in which the gravity drain opening is an

automatic drain opening that is disposed near a peripheral rim of the roof.

22. A storage tank as recited in claim 1 that has a plurality of gravity drain openings

spaced about the roof.

23. A storage tank as recited in claim 1 in which the gravity drain opening is an automatic

drain opening and the tank also has at least one manual drain opening.

24. A storage tank as recited in claim 1 that also has a manual drain opening disposed

near an oufter rim.
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