A VACUUM BREAK VALVE STRUCTURE FI ELD OF | NVENTI ON The
present invention relates broadly to a vacuum break
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liquid storage tank and a nmethod for preventing

negative pressure buildup on an underside of an

internal floating cover in a liquid storage tank.
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conti nuous operations. These storage tanks usually use

| eg supported or roof hung internal floating covers

nove as the liquid | evel s change. These

FlEdeb\Egﬁ&Eb'ﬁi@Nde protection agai nst contam nation

to/fromthe external environnent or weather and
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| eg supports. For ease nalntenance

shwagpﬁénk|na| height is typically about 1.8 mto about 2.5

min order to accommodate worknmen while the storage

tanks are enpty. Wien the liquid is drained fromthe
BACKﬁ%pHﬁPtank the I FC noves down and a stem of a

vacuun1break val ve structure disposed in the | FC being

I ength than the | e port.s
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e vacuum break valve struc
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down J/vlthmeche'cfeaglhﬁluzﬁl&fe@gle tanks, but also provides a

source of co nant to the envi ronnent . On t he ot her
hand, the final height of the roof hung IFC in the

STIM R hbigRtof e leg supported IFC in the storage tank is determined by the
length of the leg supports. For ease of maintenance, the final height is typically about 1.8

m to about 2.5 m in order to accommodate workmen while the storage tanks are empty.
When the liquid is drained from the storage tank, the IFC moves down and a stem of a
vacuum break valve structure disposed in the IFC being longer in length than the leg
supports will engage the tank floor first. The vacuum break valve structure is then lifted
or opened before the IFC reaches the final height to prevent negative pressure build-up
at the underside of the IFC. However, during the refilling of the liquid, the vacuum break
valve structure would remain open until the liquid level reaches about 1.8 m to about 2.5
m before the vacuum break valve structure is closed. This not only affects the quality of
the liquid in the storage tanks, but also provides a source of contaminant to the

environment.



determi ned by the I ength of suspension elenments. The
roof hung IFC is secured to the roof of the storage
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suspensi on el enents are connected to a beam structure
and the length of the suspension elenents is
control |l ed outside the sté)rage tanks using a plurality
of control mechani snms. As“such, it is possible to
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open state and a closed state; wherein in the cl osed

state the float valve contacts the valve seat and in
SUMMARBYopen state there is a passageway between the fl oat

val ve and the val ve seat. The vacuum break val ve
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open statep gnd a closed state; wherein in the closed state the float valve contacts
the valve seat and in the open state there is a passageway between the float valve
and the valve seat.

The vacuum break valve structure may further comprise a frame structure
connected to, and extending through the cover, wherein the valve seat is connected
to the frame structure and the float valve is disposed within the frame structure for
the substantially free movement under buoyancy between the open state and the
closed state.



di sposed on the frame structure for preventing the
float valve fromnoving out of the frame structure.
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menber di sposed across the frame. The vacuum break

val ve structure may be secured to a rimportion of the
frame structure with a gasket disposed there between.

The frame structure may b® di mensi oned to function as
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Said cover may comprise a leg supported cover or a roof hung cover.

The float valve and the valve seat may be removable to provide access to
said storage tank.

In accordance with a second aspect of the present invention, there is
provided a method for preventing negative pressure buildup on an underside of an
internal floating cover in a liquid storage tank, the method comprising the steps of:
connecting a valve seat to said cover, the valve seat defining an opening through
said cover; and disposing a float valve for substantially free movement under
buoyancy between an open state and a closed state, the float valve not being
connected to the valve seat; wherein in the closed state the float valve contacts the
valve seat and in the open state there is a passageway between the float valve and
the valve seat.



for the substantially free novenent under buoyancy
bet ween the open state and the closed state. The
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stoppers on the frame structure for preventing the
float valve fromnoving out of the frame structure.
The nmet hod may further conprise securing the valve
seat to a rimportion of the frame structure with a
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followng witten description, by way of exanple only,
the fragpRistryctiegnyithnR opdfict disPrsehibers BHHWEER, in which: Figure

la shows a schematic drawing of a tank with a roof

hung internal f]oating caver . (1FC) and_i hgorporatin

U PR ey ofuiBet BEres iersPaRAg e, Tape stuctife %o
functieirao d intembleHog dEeestingHaistomge tasinthiroug hdsadaveongerof  t he

tank of Figure la at a lower liquid level. Figure 2

shows a cross sectional view of the vacuum break val ve
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seat surface of the valve seat.

The method may further comprise providing an airtight and liquid tight seal in

the closed state.

The method may further comprise removing the float valve and the valve seat
to provide access to said storage tank.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:

Figure 1a shows a schematic drawing of a tank with a roof hung internal floating
cover (IFC) and incorporating a vacuum break valve structure according to an
embodiment;



break val ve structure of Figure 2; Figure 4a shows a
top view of a manhol e of the vacuum break val ve
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sectional view of the manhole along line A-A of Figure
4a; Figure 5a shows a top view of a valve structure
seat of the vacuum break %al ve structure of Figure 2;
Fi gure 5b shows a cross sectional view of the valve
structure seat along |line B-B of Figure 5a; Fi gure 6a
shows a top view of a fl oat | ve of_ the vacuu
Viasye 1&%*\9@?@ hemafie &mvenszof Pd%n*%ofe‘bggfﬁo%a 3qu'd
level. sectional view of the float valve along line CC of
Figure 6a; Figure 7a shows a top view of the collar of
t he vacuum break val ve structure of Figure 2; Figure
TEigsieovshaws rap ssoss esectiomsl | view efvtiod vadieint brdakr vadteostgucture
ure 7a; Figure 8 shows a cross sectional
accor&md}gt@%ﬁ(;ed"\ﬁ/g%wm break val ve structure of Figure 2
W|th the float valve, the valve structure seat and the
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break mme strusbirpof FHguneg: a vacuum break val ve structure
accor ding to the enbodi nent. DETAI LED DESCRI PTI ON
igure la shows a schematic drawi ng of a system 100
i lflgu@‘}aa%hq*@ 2 iR igwRtisr Barhelg o) @%Ywewmf@a'&wve structure
of Figule gposed in a roof hung internal floating cover (IFC)
104 of a liquid storage tank 106. The IFC 104 is
secured to a beam structure 108 of the tank roof 110
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spenS|on el enents 112
Flgure

Figure 5a shows a top view of a valve structure seat of the vacuum break valve
structure of Figure 2;

Figure 5b shows a cross sectional view of the valve structure seat along line
B-B of Figure 53;

Figure 6a shows a top view of a float valve of the vacuum break valve
structure of Figure 2;

Figure 6b shows a cross sectional view of the float valve along line C-C of
Figure 6a;

Figure 7a shows a top view of the collar of the vacuum break valve structure of
Figure 2;

Figure 7b shows a cross sectional view of the collar along line D-D of Figure
7a;



are coupled to respective control nechanisns 114 such
as manual or notor driven rollers for adjusting the
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| owest position of the IFC 104 and for lifting the IFC
104 during mai ntenance. The suspension elenments 112
can be, by way of exanple,and are not limted to,

chai ns, cables, wires, ropes or any other simlar
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suspensi on el ements 112 connecting the IFC 104 and the
beam structure 108 are | oose. Wen the liquid 116 is
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and the vacuum rea val ve structure
102 remai ns cl osed. The suspension elenents 112

DETAAVED DEdRIPFRSANE taut and stop the IFC 104 from
novi ng downwards. As the liquid level 118 falls bel ow

the Il evel of the | FC 104, the vacuum break val ve
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structure 102 function are provid
cablesgrivgigseropes mmyaptwo%@"%re@qupaweew YIPPPFiBgiae mht of
the IF@r®akK val ve structure 102. In this enbodi ment, the
vacuum break val ve structure 102 is substantially
cylindrical. The vacuum break valve structure 102

CIRRRiaSIRRIcR1 16 ilRe Sidraldd tank 108 i¢ bea fevem 1, tife IROINOA Boats
on théﬂ(ﬁquﬁ 1S1%b3%3 | a\l/é uutn‘q r;gat ev%lv(éo Q{ruc%ure q0¥els c%seg 4he
suspension elements 112 connecting the IFC 104 and the beam structure 108 are
loose. When the liquid 116 is drained from the storage tank 106, the liquid level 118
drops. The IFC 104 moves down with the decreasing liquid level 116 and the
vacuum break valve structure 102 remains closed. The suspension elements 112
eventually become taut and stop the IFC 104 from moving downwards. As the liquid
level 118 falls below the level of the IFC 104, the vacuum break valve structure 102
opens to prevent a negative pressure building below the IFC 104, as shown in
Figure 1b.

When the liquid 116 is supplied into the empty storage tank 106, the I[FC 104
remains at a position where the suspension elements are taut and the vacuum
break valve structure 102 is opened. As the liquid level 118 rises in the storage tank



substantially round float val ve 206. The val ve seat
204 and the float valve 206 are disposed in the
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in respective holes (not shown) on either side of the

manhol e 202. The nunber of float val ve stoppers may be
different in other enbodijrents. Each of the fl oat

val ve stoppers 208 conpri'ses a |ongitudi nal menber in
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| oat val ve 206 di sposed in the nmanhol e
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stoppdre 20D8rdvRtbridés a lohgifuadimae niehasartit ehe fmaroﬂma;bnloe@‘lOtdml cotter
. 2ﬂ%nhole 202, thus sealing can be achi eved
PINS /%t wi t hst andi ng the smal [ er dianeter of the main body
of the float valve 206 conpared to the manhol e 202.
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about mm from each, respective end
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resistahe@ ahlitlouPhMpmédRaditdl@ehRectibnab ehélmanRsIER0RNakhd thus the
IFC 1('?4? lF%?thgro %het f(l)oasf %ca:kj/e 206h|s not connected to the valve seat 204 and the
wall of the manhole 202. The float valve 206 is disposed in the manhole 202 for
substantially free movement under buoyancy between an open state and a closed
state of the vacuum break valve structure 102. Furthermore, the use of the valve seat
204 enables a circumferential sealing surface fo be formed at a distance from the inner
wall of the manhole 202, thus sealing can be achieved notwithstanding the smaller
diameter of the main body of the float valve 206 compared to the manhole 202. Thus,
the vacuum break valve structure 102 is advantageously not readily susceptible to
weathering of mechanical connections which otherwise can inhibit operation of the break

valve such as in existing trap door valves.



pi pe 210 within the manhole 302 (Figure 2). In this
enbodi nent, the pipe 210 can be made of stainless
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pi pe 210 in different enbodi nents. The pipe 210 has a
| ength of about 840 'nm and has a di aneter of about 32
mm O her dinensions are also possible in different
enbodi ments. Referring btk to Fi gure 2, a
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Jacuum b valve structure 102 is In a close

embodiwentsi on, whereby the seat surface 220 of the float
val ve 206 contacts the val ve seat 204. Wen the liquid
116 is discharged fromthe storage tank 10
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|'oat va continues to nove down wit
the valyeseabd®dhg fluid | evel 118 until the float val ve 206
sits on the float val ve stoppers 208. The vacuum br eak

val ve structure 102 can be set to operate at anY, .
J&ben dhe liquid 116 is discharged from the storage tank 106, the liquid level

118 decreases. The IFC 104 moves down with the decreasing fluid level 118. Since
the IFC 104 is connected to the roof of the storage tank 106 by the suspension
elements 104, there is a limitation in how far the IFC 104 is able to move down with

the decreasing liquid level 118.

When the suspension elements 112 become taut and stop the IFC 104 from
moving downwards, the float valve 206 continues to move down due to the weight of
the float valve 206 and increasing air pressure. As a result, the vacuum break valve
structure 102 is opened. This advantageously prevents negative pressure build-up
below the IFC 104. The float valve 206 continues to move down with the decreasing
fluid level 118 until the float valve 2086 sits on the float valve stoppers 208.
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and does not need to engage the tank floor to
function. Wien the liquid 116 is supplied into an
enpty storage tank 106, the IFC 104 remains at a
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| igakel 209R6WS WlplVial 13RE MalRISOd2 Fighidal 2RbIAI ¥ross
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s 106 EhesmanbalR 20a\Aong e feh of F@Prea%uThemaﬁh?'e 2021s
substdAtBRY cylindriosl TAS AEEhdle V2 comprises a substantially vertical main

structure 402. The rim 216 of the manhole 202 is disposed at an upper end of the
main structure 402. The rim 216 extends substantially perpendicularly from a top of
the main structure 402. The rim 216 can include a plurality of holes 404 arranged
around the rim 216. The plurality of holes 404 forms a substantially circular shape
with a diameter of about 940 mm. The plurality of holes 404 is arranged such that
each hole 404 is substantially equidistant from the respective adjacent holes 404.
The holes 404 can have a diameter of about 10 mm. Other dimensions are also
possible in different embodiments.

Further, the main structure 402 of the manhole 202 comprises four holes 406
(two on each side) for receiving the float valve stoppers 112 (Figure 1). The four



possible in different enbodi ments. Further, the main
structure 402 of the manhol e 202 conprises four hol es
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stoppers 112 (Figure 1). The fourholes 406 can have a
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manhole 202 can have a height of about 561 mm, an outer diameter of about 890

mm, an inner diameter of about 870 mm and a thickness of about 10 mm. The

diameter of the manhole 202, including the rim 216, is about 990 mm. Other

dimensions are also possible in different embodiments.

Figure 5a shows a top view of the valve seat 204. Figure 5b shows a cross
sectional view of the valve seat 204 along line B-B of Figure 5a. The valve seat 204
includes the horizontal portion 214 having a plurality of holes 502 arranged around
the horizontal portion 214. In this embodiment, the plurality of holes 502 forms a
substantially circular shape with a diameter of about 940 mm. The plurality of holes
502 is arranged such that each hole 502 is substantially equidistant from the
respective adjacent holes 502. The holes 502 have a diameter of about 8 mm. The
holes 502 of the horizontal portion 214 correspond with the holes 404 (Figure 4) of



sectional view of the valve seat 204 along |ine B-B of
Fi gure 5a. The valve seat 204 includes the horizontal
WORHP01G#9214 having a plurality of holes 502 RGTHFO/000225
around the horizontal portion 214. In this enbodi nment,
the plurality of holes 502 forns a substantially
circular shape with a dianeter of about 940 nm The
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S1000, S2000 or S3000 and gl ass reinforcenents. O her
materials may be used for manufacturing the

In this embodiment, the valve seat 204 can be made of Series $S1000, S2000
or S3000 and glass reinforcements. Other materials may be used for manufacturing the
valve seat 204 in different embodiments. The valve seat 204 is about 10 mm thick.
The horizontal portion 214 is about 60 mm wide. The diameter of an end of the
horizontal portion 214 opposite to the end having the sloping portion 504 is about
990 mm. The diameter of an end of the arc portion 506 opposite to the end having
the sloping portion 504 is about 600 mm. Other dimensions are also possible in
different embodiments.

Figure 6a shows a top view of the float valve 206. Figure 6b shows a cross
sectional view of the float valve 206 along line C-C of Figure 6a. As described
above, the float valve 206 comprises an annular seat surface 220 disposed near the



val ve seat 204 in different enbodi nents. The val ve

seat 204 is about 10 mmthick. The horizontal portion
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including the protrusions 602, has a diameter of about 850 mm.

Figure 7a shows a top view of the collar 222. Figure 7b shows a cross
sectional view of the collar 222 along line D-D of Figure 7a. In this embodiment, the
collar 222 can be made of resin and glass reinforcements. Other materials may be
used for manufacturing the collar 222 in different embodiments. The collar 222 has an
outer diameter (d¢1) of about 910 mm, an inner diameter (d.,) of about 902 mm, a
width (w;) of about 4 mm and a height (h;) of about 166 mm with an ailowable
variation of about +3 mm. Other dimensions are also possible in different

embodiments.



fl oat valve 206 and the protrusions 602 in different

enbodi nents. The fl oat val ve 206, excluding the
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fl oat valve 206, including the protrusions 602, has a

di ameter of about 850 mm Figure 7a shows a top view

of the collar 222. Figure_7b shows a cross sectiona

view of the collar 222 aﬂ&ng line DD of Figure 7a. In
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structure 102 opens as the floatpvalve 206 (Flgure 2) of the vacuum break valve
structure 102 moves downwards with the decreasing liquid level 910. This

advantageously prevents a negative pressure building below the IFC 902.

When the liquid 908 is supplied into the empty storage tank 904, the leg
supports 906 of IFC 902 are in contact with the bottom 912 of the storage tank 904
and the vacuum break valve structure 102 is opened. As the liquid level 910 rises in
the storage tank 904, the float valve 206 (Figure 2) of the vacuum break valve
structure 102 floats on the liquid 908 and rises with the liquid level 910. At a certain
liquid level 910, the vacuum break valve structure 102 closes. A watertight and an
airtight contact is advantageously provided. An overflow of the liquid, evaporation of

the liquid, and possible air pollution are advantageously prevented. As more liquid 908 is
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descri bed enbodi nents. Further, it will be appreciated
that the dinensions of the various conponents

i ncl udi ng the manhol e, the float val ve, the val ve seat
and the float valve stoppers may be different in

di fferent enbodinents. It will be appreciated by a
person skilled in the art that numerous variations
and/ or nodifications may be nade to the present

i nvention as shown in the specific enbodi ments w thout
departing fromthe spirit or scope of the invention as
broadly descri bed. The present enbodi nents are,
therefore, to be considered in all respects to be
illustrative and not restrictive. 'CLAIM5S 1. A vacuum
break val ve structure for an internal floating cover
of aliquid



storage tank, the vacuum break val ve structure
conprising: a valve seat connected to said cover and

WOREPYNT#HY an openi ng t hrough said cover; a fl| PST/SERDYE00225

not connected to the valve seat and di sposed for
substantially free novenent under buoyancy between an
open state and a cl osed 51{5ate; wherein in the cl osed
state the float val ve cont’acts the valve seat and in
CLAINMde open state there is a passageway between the fl oat
val ve and the val ve seat. 2. The vacuum break val ve
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cover,

4. The vacuum break valve structure as claimed in claim 3, wherein each float

valve stopper comprises a longitudinal member disposed across the frame.

5. The vacuum break valve structure as claimed in any one of claims 2 to 4,
wherein the valve seat is secured to a rim portion of the frame structure with a
gasket disposed there between.

6. The vacuum break valve structure as claimed in any one of claims 2 to 5,
wherein the frame structure is dimensioned to function as a manhole for accessing
said storage tank through said cover.

7. The vacuum break valve structure as claimed in any one of the preceding
claims, wherein the float valve comprises an annular seat surface disposed near an



8. The vacuum break val ve structure as clainmed in any
one of the preceding clains, wherein an airtight and
WQ 20024013439 ght seal is provided in the cl osed REE:2067/000225

The vacuum break val ve structure as clainmed in any one
of the preceding clains, wherein said cover conprises
a | eg supported cover or ﬁ?roof hung cover. 10. The
vacuum break val ve structUre as clainmed in any one of
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pressure bui | dup on an underside of an interna

oatin over ui d n th t .
s, CHRE AT B el o SR 3 5 B! P
claim$ arheremm\ae e;rtrgﬂte\ndarhmd t@dﬂaseajﬁ pmvrdgedamthepﬂmﬁedgstaihr ough
said cover; and disposing a float valve for

substant i al | y free novenent under buoyancy between an
9. ofenvacue begrk valvd steelust as slaimpg in |apstongapl /enpneceding

claims? Wh@%&ﬁ o8 H%G@@r%drﬁprfs@@ a\’ig%) YBptild colBREE Poof RubdBover.

¢closed state the float valve contacts the val ve seat
and in the open state there is a passageway between

10. t'h@e {hQaim vadarevand striGuieaby &15@al - in bay oﬂéeomteh@@c@&ng
aimed in claim11, further caonprising the ste
claimsy (et (A ISRt APERt FNBOANG ST SPRESTBYRAIS T RiovRIR, sess
to sai®étokfeitiek.ext endi ng t hrough the cover; connecting the
val ve seat to the frame structure; and di sposing the

float valve within the frame structure for the
11. sAbsagthod ifad prevenidey negawenpreasm‘erbdﬂdogmcqn hetesez bhen

|ntern%9§n}@%g<§\ﬁerc n%lrch,gg fgorgg‘ %f&t %P%térgd ggﬁ%rlgﬁ{; tc}%dstgﬁs of:

desesiing af vabeet seatl toesaid woper, shevalvieeseat @leénlsg rarc epering

. g the float valve fromnoving out of the
throug{h?{f'&)&@%é?uqb cpure 14. The method as clained in any one

ofispesingra flgatt valyg for wubatentialynfiee snaversedturndry bueyancy
betweeﬁla\h‘reog%ﬁ%'f th %nglardlé'ge@‘gtéﬂeofheqoaﬁ DavE hBIBeifd EMHEMS to the

gas sposed
valve seat;
wherein in the closed state the float valve contacts the valve seat and in the

open state there is a passageway between the float valve and the valve seat.

12. . The method as claimed in claim 11, further comprising the steps of:

connecting a frame structure to the cover, the frame structure extending
through the cover;

connecting the valve seat to the frame structure; and

disposing the float valve within the frame structure for the substantially free
movement under buoyancy between the open state and the closed state.

13. The method as claimed in claims 11 or 12, further comprising disposing float
valve stoppers on the frame structure for preventing the float valve from moving out
of the frame structure.



14.

t here between. 15. The nethod as clainmed in any one of

clains 12 to 14, further conprising dinensioning the
WOr208H876¥r uct ure to functi on as a manhol e for PAFEE28071§0225

said storage tank through said cover. 16. The nethod

as clainmed in any one of clains 11 to 15, further

conprising disposing an annul ar seat surface of the

fl oat val ve near an edge Y the float valve for

CHY Afdihdilad EHMESSRAUMY S5k BNBIIAS 196t 1§Lmﬁa§ﬁc@#1 tidifg
valve seat. 17. The nmethod as clajned in any

securipg e galvesqah ta 8 rim BRRIAR of sFMS BHgetdeottlf H@S’éﬁf disposed
there Betivbeght and liquid tight seal in the closed state.

15.

18. The nmethod as clained in any one of clains 11 to
17, further conprising renoving the float val ve and
t e wadtiveel ae alaitned [in anydenea ot elréms d2stai td,sfudheaigeomnpriding

dimensioning the frame structure to function as a manhole for accessing said

storage tank through said cover.

16.

The method as claimed in any one of claims 11 to 15, further comprising

disposing an annular seat surface of the float valve near an edge of the float valve

for contacting a corresponding annular seat surface of the valve seat.

17.

The method as claimed in any one of claims 11 to 16, further comprising

providing an airtight and liquid tight seal in the closed state.

18.

The method as claimed in any one of claims 11 to 17, further comprising

removing the float valve and the valve seat to provide access to said storage tank.



