1 A VACUUM BREAK VALVE STRUCTURE FI ELD OF | NVENTI ON The present
invention relates broadly to a vacuum break val ve structure for an interna
floating cover of a liquid storage tank and a nethod for preventing

negati ve PPEE®IE Hui | dup on an underside of an inter AATSRYEPRE cover in
a liquid storage tank. BACKGROUND Storage tanks are in conmon use at
storage termnals or processing plants where huge stockpiles of liquid raw
materials are necessary for their cpntinuous operations. These storage
tanks usually use |l eg supported or roof hung internal floating covers

(I FCs) that nove as the liquid | evels change. These covers provide
protection agai nst ACSACAMNINaBRIPAKOV AL ThERBRATEIRE environment or

weat her and agai nst evaporation | osses. Wien the liquid is drained fromthe
storage tank, the I FC noves down with the decreasing liquid |evel

The fi nRELDeDptVEMTION | eg supported IFC in the storage tank is determ ned
by the length of the | eg supports. For ease of maintenance, the final

hei ght is typically about 1.8 mto about 2.5 min order to accommobdate

wor kren whi |éhet presestt drvggion Eikes Araadiynipta vaopenbrefie vlve) gireci® f8F ai ned from
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i th than the “ﬁg supports
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i fted siwragpemed before the | FC reaches the final height to prevent
negati ve pressure build-up at the underside of the IFC. However, during the
refilling of the liquid, the vacuum break val ve structure would renmai n open
until tBACKGRPENPevel reaches about 1.8 mto about 2.5 m before the vacuum
break val ve structure is closed. This not only affects the quality of the

liquid in the storage tanks, but al sg sRrovi es.a, source of cqntam’ nant to
t he environneR@ge taks are In common use at storage lerminals or processing plants

where huge stockpiles of fiquid raw materials are necessary for their confinuous
operations. These storage tanks usually use leg supported or roof hung internal floating
covers {IFCs) that move as the liquid levels change. These covers provide protection
against contamination toffrom the external environment or weather and against
evaporation losses. When the liquid is drained from the storage tank, the IFC moves

down with the decreasing fiquid level.

The final height of the leg supported IFC in the storage tank is defermined 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 rare 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 fioor first. The vacuum break valve structure is then lifted
or opened before the IFC reaches the final height fo prevent negative pressure buiid-up
at the underside of the IFC. However, during the refilling of the liquid, the vacuum break
valve structure would remain open until the liguid 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 liguid in the storage tanks, but alsc provides a source of contaminant fo the

environment.



On the other hand, the final height of the roof hung IFC in the storage
tank is determ ned by the | ength of suspension elenents. The roof hung I FC
is secured to the roof of the storzge tank with a plurality of the
suspensi on el enents. The suspensi ofi el enents are connected to a beam

structure and the length of the suspension elenents is controlled outside
t he st or ageOndhksthashang, &heplingt heightyof die wohibung IFFao enstorage takk isuch, it is
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as the e stora t.ank he roof hung | FC can be
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cover thr 0 ghsa val not
connech@@e%fpwlﬁ@lﬁﬁ@f@e‘aﬁo @gdwwwb@@ephmcomﬂmﬁmu ally free novenent
under buoyancy between an open state and a cI osed state; wherein in the
closed state the float val ve cont %cts the v seat and in the open state
there is a% [EEa PRIRYS BeteRel? PRYICR| B YECUA) a%an"f%é“%‘F*’@eW@%tht further
conpri se¢lg ta atidraseatdéagi ohe bithe aboesiredtidned pastderaxt endi ng t hrough t he cover,
wherein the valve seat is connected to the frame structure and the fl oat
val ve |s di sgosed within the frame structure for the substantially free
moveneSU ¥ buoyancy between the open state and the closed state; and
wherein the franme structure is dinensioned to function as a nmanhole for

accessing spi @bcamha@wmamhrs& @é@ét@hths,@ & ;ﬁ@vgéd a vacuum breald Rgivyacuum br eak
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rimportion frame structure wt gasket
di sposé@p??f%’r@f Bebsitiglly free movement under buoyancy between an open state

and 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 fioat valve and the
valve seatf; further comprising 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; and
wherein the frame structure is dimensioned to function as a manhole for accessing
said storage tank through said cover.



The fl oat valve may conprise an annul ar seat surface di sposed near an edge
of the float valve for contacting a correspondi ng annul ar seat surface of
the valve seat. An airtight and Iiguid tight seal may be provided in the

cl osed state. Said cover nay conprise a | eg supported cover or a roof hung
cover. The fl oat valve and the val ve seat may be renovable to provide
access to sapelvanugmdyealt waike structure may fudlescgameise dpatlyalye S&ppa® aspect ,

there §igpdte\WndRdlramEBENQG8F prBiSHRG I baD B8R B nRSVRSeL 8 fadi | dup on an
undersjde of an internal floating cover in a liquid storage tank, the

met hod ™@B#PFi& g the steps of: connecting a frame structure to the cover,
the frame structure extendi ng through the cover; connecting a valve seat to
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cl osedagpag the frahee. f | oat val ve not being connected to the val ve seat;
wherein in the closed state the float val ve contacts the valve seat and in
the open state there is a passageway between the float valve and the val ve
seat; and fuUlet YEHUBRBRY YRING SHUREMS MEHiBFgSaNERS oot PPER & d'& 0 f uncti on
as a nhaahelseuftore witcegaikagdsposkdsheragendemnk t hrough said cover. 4

The met hod may further conprise disposing float val ve stoppers on the frane
structure for preventing the float valve from noving out of the frane
struct ure. The float Wi ey kompiaeyart annutas seeigiwiers disgessdrrieagan Bégeal ve seat to

a rim okl Bt Piivd Y hRFENG hIdRbS¥dhdWMgt dhrilad askedurfbice Rpardvder e bet ween.
The nmet hod nmay further conprise disposing an annul ar seat surface of the

float ¥&lve near an edge of the float valve for contacting a corresponding
annul ar seat surface of the valve seat.

An airtight and liquid tight seal may be provided in the closed state.
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 o
said storage tank.

In accordance with a second aspect, there is provided a method for
preventing negative pressure buildup on an underside of an internal fioating cover
in a liquid storage tank, the method comprising the steps of: connecting a frame
structure to the cover, the frame structure extending through the cover; connecting
a valve seat to the frame structure; and disposing a float valve within the frame
structure for substantially free movement under buoyancy between an open staie
and a closed state, the float valve not being connected {o 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; and further comprising
dimensioning the frame structure to function as a manhole for accessing said
storage tank through said cover.



The nethod may further conprise providing an airtight and liquid tight seal
in the closed state. The nmethod nmay further conprise renoving the

fl oat valve and the valve seat to Qrovide access to said storage tank

In accordance with a third aspect, 'there is provided an internal floating
cover of a liquid storage tank conprising a vacuum break val ve structure
according to the above-described first aspect. BRI EF DESCRI PTI ON OF THE

DRAWNGS  The mdaiomalEtftBerotorhfifsel YSs¥incORoaM JdivedStobptisesn wder st ood and
readi | apr%nt to one, of orgl ar Kil | Jntﬂ ar]1 romthe foll ow ng
ur it t e B SRV PO iR edPoE BRI BIRMpS ol (4 raBR SEYEon wi th t he

drawi ngs, in which: Figure la shows a schematic drawi ng of a tank

with a roof j.nt i i i a vacuum
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The method may further comprise disposing an annular seat surface of the
float valve near an edge of the float valve for coniacting a corresponding annular
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 {o said siorage tank.

In accordance with a third aspect, there is provided an internal floating cover
of a liquid storage tank comprising a vacuum break valve structure according to the
above-described first aspect.

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 foliowing 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 vaive structure according to an
embodiment;



| evel . Figure 2 shows a cross sectional view of the vacuum break

val ve structure according to the enbodi nent; Figure 3 shows a cross
sectional view of a float valve stopper of the vacuum break val ve structure
of Fi gur eW8.2009/017459 Fj qure 4a shows a top view of a mdHARIGIOEREE vacuum
break val ve structure of Figure 2; Figure 4b shows a cross sectiona
vi ew of the manhol e along |line A-A of Figure 4a; Fi gure 5a shows a
top view of a valve structure seat ©f the vacuum break val ve structure of

Fi gure 2; Fi gure 5b shows a cross sectional view of the valve
structure seat along line B-B of Figure 5a; Figure 6a shows a top

view of a fl@ale YRNSLh st 8GR PERRK tahRIoY BigBfel HEEUE Rwef iiddoure 2;
Figure 6b shows a cross sectional view of the float valve along |ine C C of

Fi gure lg¥g!

Figure 2 shows a cross sechional view of the vacuum break valve structure
according to the embodiment;

Figure 3 shows a cross sectional view of a float valve stopper of the vacuum
break valve structure of Figure 2;

Figure 4a shows a top view of a manhole of the vacuum break valve structure
of Figure 2:

Figure 4b shows a cross secfional 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 valve
structure of Figure 2;

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

Figure Ba shows a top view of a fioat 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 Ba;

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

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



Figure 7a shows a top view of the collar of the vacuum break val ve
structure of Figure 2; Figure 7b shows a cross sectional view of the collar
along line DD of Figure 6 Figure 8 shows a cross sectional view of
t he vacuuOoPeR7474l ve structure of Figure 2 with the FITBER2007409285 t he

val ve structure seat and the float val ve stoppers renoved; and

Figure 9 shows a schematic drawing of a tank with a | eg supported I FC and

i ncorporating a vacuum break vaI ve (ig;tructure according to the enbodi nent.
DETAI LED DESCRI PTI ON gure la shows a schematic drawing of a system
100 il | ust r diigwrg SaSWW@mwrwowww oftthercaayre rezk witdpatwitrewfa roof hung

inter naﬂ:lgﬁ}eoﬁtv&;‘éﬂgmhﬁ(ﬂ\éﬁ{ vihd @e 184 %?ru@turle' S An8 Y AR JeaKstd Qs The | FC 104
is secured 8 a peam structure 108 of the tank roof 110 with a plurality of

suspensi<aVé ts 112. The suspension el enents 112 are coupled to
respective control mnmechanisns 114 such as manual or notor driven rollers
for adjusti t & n t the
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mai nt enp@eoraiitea wapsye bstalyakip simatire agcpingl treemipdingy. of exanple and are
not limted to, chains, cables, wres, ropes or any other sim/lar device

capabl e i wei ght of the I FC 104. Wien a liquid 116
in the Qg%ﬁwgéﬁg%égﬁs at a level 118, the IFC 104 floats on the liquid
116 and the vacuum break val ve structure 102 is closed. The suspension

el enents 11 C Si re | oose.
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position of the IFC 104 and for lifting the IFC 104 during maintenance. The

suspension elements 112 can be, by way of example and are not limited 1o, chains,

cables, wires, ropes or any other simiiar device capable of supporiing the weight of

the IFC 104.

When a liguid 116 in the storage tank 108 is af a level 118, the IFC 104 floats
on the liquid 116 and the vacuum break valve struciure 102 is closed. The
suspension elements 112 connecting the IFC 104 and the beam struciure 108 are
loose. When the liguid 116 is drained from the storage tank 108, the liguid leve! 118
drope. The IFC 104 moves down with the decreasing fiquid level 116 and the
vacuum break vaive structure 102 remains closed. The suspansion elements 112
eveniually become taut and stop the IFC 104 from moving downwards. As the liguid
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 info the empty siorage tank 108, the IFC 104
remains at a position where the suspension elements are taut and the vacuum
break valve structure 102 is opened, As the liguid level 118 rises in the storage tank



When the liquid 116 is supplied into the enpty storage tank 106, the |IFC
104 renmains at a position where the suspension elenents are taut and the
vacuum break val ve structure 102 is opened. As the liquid | evel 118 rises
in the st¥OPHER 7 106, the vacuum break val ve st rRIEFRF28071009228vent ual | y
closes. As nore liquid 116 is supplied, the IFC 104 floats on the liquid
116 and rises with the rising liquid level 118. A nore detail ed description
of the vacuum break valve structure, 102 and its function are provided

bel ow. Figure 2 shows a cross sectional view of the vacuum break

val ve stofyttavasulbZbrebinviiie stnetve diCBentnivtiheclosssuasnbrediyuigdli®é structure
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The valRctapddre sRAicRadeldae fl oat valve 206 are disposed in the manhol e 202.
Two fl oat val ve stoppers 208 are disposed in respective holes (not shown)

on either side of the manhol e 202. The nunber of float val ve stoppers may

be diff er entFigurect h@mwseertmuﬁsmimalEfémhomhetmu@mmeakvxeal\mestw@maers 208
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cl osed RP&afé~of the vacuum break valve structure 102. Furt her nore, the use
of the valve seat 204 enables a circunferential sealing surface to be

formed at aﬁesaﬁ%%rfaf%tn% 'bﬁﬂ‘ﬁrof“t@é Iﬂo&fvéweez@@@%gue?r%ntﬂh@s sealing
can be achi eved notw t hstandi n | er dianeter of the main body of
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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 advantageousiy not readily susceptible to

weathering of mechanical connections which atherwise can inhibit operation of the break

valve such as in existing trap door valves.



Referring back to Figure 2, a substantially horizontal portion 214 of the
val ve seat 204 sits on a rim 216 of the manhol e 202. A gasket 218 is

di sposed between the horizontal portion 214 of the valve seat 204 and the
rim216 oWa¥eHédfhol e 202. The gasket 218 has a t hi cK{EES2067/0449885t 10 nm
In this enbodi ment, the gasket 218 can be made of neoprene. O her materials
can be used for the gasket 218 in different enbodi nents. The float val ve
206 conprises an annul ar seat surface 220 di sposed near an edge of the
float valve 206. Wien a liquid 116 1n the storage tank 106 is at the |evel
118 as showtigure B gewe aXrodshesctianct viswbefesie argfodimattofiteuriee 2020is in a

| d 206
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pr essur@@maer 5o é‘?ﬁ‘l‘tt 32¢ Fi‘é‘ vaEFntiResaR Y a7 e 280 besSiiee 1028 bpened. Thi s
advant agpestsihy¥nier event s negative pressure buil d-up below the I FC 104. The
float valve 206 continues to nove down with the decreasing fluid |l evel 118
until the float valve 206 sits on the float valve stoppers 208. 9
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float valve 206 contacts the valve seat . Awaterti and an airtight

cont act 1q&is Ay hiexgeld G<asysnere D figyr %%t‘&'\'ﬁé’ﬁmt'% bf%%at’?“’@él"tf%‘”@é@and t he

val ve sigat aZibed Msiove Hepayahe 8@ durgbd d20 evmpaibat v:0r 206 ddneadtd qui d, and

possi bltﬁ ai.r pol I%Jt4i on are advantageously prevented. As nore liquid 116 is
added i NEJRESSY rage tank (not shown), the IFC 104 floats on the liquid

116 and rises with the liquid |evel 118. The vacuum break val ve

structure 107nbsuaNiere! i lsBRarbECAAnb ide SOk BY, FEAGSAId he form of

a collar 222. One end e col 22 |Is attached to the manhol e 202 of
t he vachtﬁﬁ?ﬁf%%@svﬂt%@cstm?tﬁﬁéﬂw%thﬂ’et%q%*“ﬁrﬂedﬂe‘zﬁ'ﬁé%p%&ffer vely by
| am natienrc 104 is cdﬁnguée t& 8heS FoSof ahd @ﬁbr&g@ﬂn@ﬂdﬁh@ mangisbensl®?. Figure 4b

shows a_.cros nal vr of the 2 ong lLine A A.of Figure
4a. The® iﬁ@ﬁﬂ% @2‘%‘?"&3 '8 &g rrr]{n %\Wf F_J F‘?%Era.%laﬁﬁ Wgn f3i"e %2 conpri ses
a subst%mtdeartelayrngeqmrddmbl‘rf@ n structure 402. The rim 216 of the manhole 202

is disposed at an upper end of the main structure 402. The rim 216 extends
subst anti al I%perpendl cularly froma top of the main structure 402. The rim

216 can i ncl\{faen Heptgpensianeidmens|ide bf@ﬂmﬁr"?‘éfr?@’@cﬁt%ﬁ@ﬁﬁﬁcﬂﬁé Fm 216. The
pl ural iwvm@ dbah®arad Ofe fiestaive wa@aﬁameea:b ove idbwh iak tshapeigith a di amet er

of abo hol es i ra ed such that each hol e
o 20 g o0 e HEaBl HEALLLY P Dal es 40015, 314 Anogd sugh Jpat each |

The hol ﬂs.fcma_wamsmea, ahr_armftvwagﬁoualbmvem& mpaiv@ pressudé meitbions are al so
possi bl G b ufll EESILE M nLARUP JLI0BBES continues to move down with the decreasing

fiuid level 118 untit the float valve 206 sits on the float valve stoppers 208.



10 hol es 406 can have a dianeter of about 37 mm The four holes 406 are

di sposed at a height of about 75 mmfroma |ower end of the main structure
402 opposite to the end having the rim216. In this enbodi nent, the

di stance W&tMEEH4he two hol es 406 on each side i s abdT/SBAB7MH22X her hol e -
si zes and separation distances are also possible in different enbodi nents.

Three stoppers 408 are |am nated to and di sposed around the main structure
402 of the manhol e 202. The three oppers 408 are arranged such that each
stopper 408 is substantially equidistant fromthe respective adjacent

st oppers 4081“ heTheusthoppar savO8ratige US8daade sefso bparajecitrmnpgieting: manhol e 202

and thehg rfhgffﬁc(@z;%gf L?s)ng l'?i tdeNge %ﬂ&&%@ﬁ%@éﬁ?rﬁg%g

a
advant age rovi nt at sit Ehﬁ amnate to
t he nanﬁaﬂuemz@’za*é\v/@vﬁ aﬁwqfvedgaévf%k%lﬁ@p@ﬂ%ﬁw@h&wk figer aWoResirat Fi gure 2.

I n t hi sheyahedhdiBlhe thhiefidst @FReKen. 408 have a I ength of about 75 mm a width
of about 10 mm and a hei ght of about 40 nm O her dinensions are al so

possible in different enbodi ments. The nunber of stoppers 408 may be
di fferent i nWoerhthe lgpidodirestisplied into an dmpty Biosage tdi ¥ty IRCh&C4mnhol e 202

can be fB?ﬁja?nsDefnt asﬁ%ézt%% vﬁ’ﬂeﬂ)@@\e s@gﬁ’&%zcﬁ’{eiéﬁgﬁg a?&%ugérﬁlstﬁe ﬁ@alt 05!% eggrents. Ot her

materi a be used manuf act ur i ngl man ol different

enbodi nEiftE. fXEF float yplye é"ﬁB‘Eﬁﬂ? Aghtrs theliauid ?He}zi@af‘ Fegs "athwsawedﬁnka%ht 60 nmm and
a thi ckeigsg) ahe a&muﬁwé@omﬂmsﬂsrethmm $ig aal mgee vit theaiguti hrerargnot e 202 can

have a hei ht of. n ter, di er of t . an i nner
i amer o hFL St BRSUHanRe oM veRR D cBlietl MENN: S B0 wlBigl B0 1O
t he manéod en 20ght m@tla@rds agvartegsolsly R1®/dadsheqisernt the JoahvalveCideanddi nensi ons
are al sg,cRRRRIe264 A ngﬁl'é@%tfth%qﬁ&@ éﬁ%ﬁ&étlon of the fiqufd, 9Hd BosdishPWs a top

vi ew of the val ve seat %ure cross sectional view of the

val ve s%%{'ﬂﬂ‘%ﬂ‘"ea?ddﬁ'&a%oﬁgy BregeRipd P‘i‘sgﬁ‘PE-? %“d ﬂ?e's\ﬁgp%"%‘éﬁ‘? 49§ ncl udes the

hor i zontaak (HRO&HIWSN tRLMEChia ilegs an MleUibaliitt § and ridealvweis tiedQuidnevangred around t he
hori zontal portion 214. In this enbodinment, the plurality of holes 502
forms a substantially circular shape with a dianmeter of about 940 mm The
plurality ofTiifolasuug02réak eaiveantjeciursutde ihsecwad o Hbe dFG6004 ysubstantial |y

equi di stanfind HRIERL h?th%%r?@@fté M&!a@@t@%ﬁg efPbeBe 2 2288 BRlBs 802 have a
di amet er of about The ho 502 of the harizontal portion 214

cor r espBdmRNRHe tzﬁ’@ q’foqh@s"a%‘!f“(t?fﬁﬂhr”@'vﬂ)s‘fwtu*’%ﬂgg r?é‘drﬁon’ih?ﬂgcoﬁ 04 he manhol e
202 f or reapadtivep®ycannetdd. on of the val ve seat 204 and the manhol e 202.

Figure 4a shows a top view of the manhole 202. Figure 4b shows a cross
sectional view of the manhole 202 along line A-A of Figure 4a. The manhole 202 is
substantially cylindrical. The manhole 202 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 218 extends substantially perpendicularly from a top of
the main structure 402, The rim 216 can include a piurality of holes 404 arranged
around the rim 218. The plurality of holes 404 forms a subsiantially circular shape
with a diameter of about 840 mm. The plurality of holes 404 is arranged such that
each hole 404 is substaniially egquidisiant 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



To assenble the val ve seat 204 and the gasket 218 to the rim 216 of the
manhol e 202 as shown in Figure 2, respective holes of the horizontal
portion 214 of the valve seat 204, the gasket 218 and the rim 216 of the
manhol e 209 ZAPETHS? gned and fasteners (not shown) wi t PCA GBS of about
10 mm are used to fasten the val ve seat 204, the gasket 218 and the rim
216. For exanple, bolts and nuts can be used as the fasteners in this
enbodi ment. Qther types of fastenerg can also be used in different

enbodi nents. The gasket 218 also includes a plurality of holes (not shown),
whi ch ciorleed@Pdoah bavethdiamotes of SRt BFingar BrebipuoiiolehéOthaei disnosat aporti on 214
of the y ﬂ!eéﬁt ?P%Bu?%r%ﬁoﬁw%o@@xl&ﬁj éfotﬁe ﬁ@if%‘kﬁf‘c’ttﬂ% 48b ob?@snre'tﬂqﬂ?el(i of the

manhol e 20 or ena connect1 on val ve seat and t he nanhol e
202.  end havigst g F'Fh%"eoéfbflb‘st%“tﬁld@ﬂ‘?r& %‘e dtSFf’é‘%é’leWeé‘éB? wole$408 truncat ed

coni cal o bagtesianet Atk B Ghephslg spes thorepiHtiombishcextrendso beneat h the
hori zont aISI ornt rer%%‘rlnﬂcordf?nm n end of the horizontal portion 214. In this
enbodi nEnt, ef‘n op| ng poretl on 504 forns an angle of about 1080 with the
hori zontal porti on An arc portion 506 is disposed at an end of the sl oping
portion 504 ﬂﬂ@@§ﬂob€er§ 90k B @ﬂ%é@@afﬂo%dtor@mla@a 'a?eQiHB a%e .marntét@etuzem

In this enbodi nent, the valve seat 204 can be nade of rles 81000, 82000

or S300694R8 seeholg; 202 r [henirRes Stopppiar4Uinper F‘?&?‘@eﬁa egs &8°% or
manuf acétuppargioBhie sulsdisiage atiuid@iant fiodi thé eemtt;@rm@@hame etospeﬁh@:sval ve seat

204 is apo t i mm wi de.
The di a?rg g{rOPé?rsarHr?Be%éqé?d }Egggggrrlfélgnt&‘% port |on #ﬁnd §1eOS| %‘I ?% the end
havi ng tfiavrg] dpi keynipating dhe 58aptess oAFutcag9edvaniagreusiyi am‘!tdér eg$Y an end of

the ar Ca@@ﬁdeﬁﬂa@@@ BRPAEL 2418wl t%r{ﬁ’e hawkh&g Zb@%vérktﬁeﬂ?ﬂlﬂw@r@rtﬁé on 504 is
about 60 rent enbodi nments.

are also p
Figure BRPRIBIEE 0% 8'2)0"\’)1 M‘B‘Fret%é” Fh'%ﬁf“b\‘?g‘m?é‘ fb%qu@f:"aﬁ BeP¥eIfows a cross
sect i onghgini ofaborlit 75hemf & addth vadhveit 20 61na o haigre oCaboBOFguDheba. As

describ ;Qne%Q%XgﬁreetQ%E%sgg%e i\éaH iferey %@nb%glmé té%g%@n%%PH#%&gﬁeggkoéu”ace 220

di sposed near oat va nbodi ment, the
seat sumBHee diEeent dncther stakrsiinngntponded pol ypropyl ene. Gther material s can
be used to nmanuf acture the seat surface 220 in different enbodi nents. The
seat surface 220 has ut 83. and a :ég ckness (ts) of

2bout 5’ mm GEHEFTAPABHH SH AP PaR SBo LS ME of ot S PR E B Bod! ment ».

The fl O&BOGG%!\&QIQ%@&&UT&WN&WH B&Srisd Kaphet uses |f@rnsaz6ﬁéhtta:mgulm t he
Chrount SLRAGE A8k if BfehOBlndharls 30fs THEAREHE WA A% E0RA fudh T anged, such

t hat each protrusion equl dls ant e respective
adj acenef p@@t’irﬁ@sma‘n%ndsezhw*ﬁ@sﬁ 1 §b@%ﬂaﬁhmfﬁ‘bn"f e mal $tasra 4@2 aftiee | ar gest

edge of yzRRo Erﬁérdéﬁ'h%ﬂé aﬁ%ﬂt%f %B&k{tsﬂﬁmm oﬂ@ dﬂﬂn‘?ét@r @ffaﬁoﬁesm ot rusions
602 i s about 60 mMm bch obt r %lﬁc&n can have the sane ikness as the
float vENVADHES F"aé*ef%{ i) ”ﬂﬁé‘dp? 6‘?‘?%@56% e é%h%fﬂt Feously

mai nt ai BiatmepHsot thenmahhdid 20| aatudital e 20620t B gbdutedamm. sOthect ure 402

(Fi gure %S%L?%er en@&glb?e%%erém%n%%%%ntm protrusions 602 nay be

di ff er e %is enbodi ment, the float valve
206 and the protrusions 602 can be nmade of Series 81000, 82000 or 83000,

gl ass rei nf ofigeERRAtHoRO BNV 6 RENVEREQRY! 8ok sxs%ogmws%i BeSsthis
material is | ess dense than the liquid 116, |t a |l ows the float valve 206

to floabeBRNEREY PHtP yale se2 G HAOHINER B Ff%ye Be seiveotearatif act uri ng
the fl oafcwat e Q&&oﬁt@dp&rﬁ@w prohavisy ansurddy of holds Bbemaahganbedhdrents. The

- The 0¥ G E00) BETRE H HcTBARE BN TR PRErinG el SRR T Fanerer of
about 85@stgniially circular shape with a diameter of about 8940 mm. The plurality of holes

502 is arranged such that each hole 502 is subsianiially 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



Figure 7a shows a top view of the collar 222. Figure 7b shows a cross
sectional view of the collar 222 along line DD of Figure 7a. In this
enbodi ment, the collar 222 can be nade of resin and gl ass reinforcenents.
O her nat BRi289%°17dY be used for manufacturing the col |RGT/E2HNTHRET f f er ent
enbodi nents. The collar 222 has an outer dianmeter (del) of about 910 nm an
i nner dianmeter (da) of about 902 mm a width (we) of about 4 nmand a

hei ght (he) of about 166 mmw th an,all owabl e variation of about 3 mm

O her dinmensions are also possible in different enbodi nents. 13

Fi gure #sriows!tofdhesmnbelet30rfat enabling chnndntion af thenvaiveesdat Pak\aadst r uct ur e
102 w t d henfdi@aboval ve 206, the val ve seat 204 and the float valve
stoppers 208 renoved. A manway 802 i s advantageously provided to all ow
access between a top side and a bottom side of the IFC 104 for nuaintenance.
The | FC 104 Tamsbembiaitsedalby s&h@ﬂ@d&@hcﬂlg‘sé b@s;deelgmoaie hdﬁezwsmesi on

el erent sntBeciLd U8 AQTELPe TRERANSRLe S ke MO IRIEL S

mai nt enance of  varli ous ar orage
break v&#e ealed peaitdfethe @ﬁsiwt §68 @édlth@h@r%@tfa‘dhe maanhol¢ G2 wire hligneg supports.

Fi gure @nghewsnds %ﬁfﬁ%ﬂ&khﬁw% awiididetef oﬁamt19%r%0§e'dsbal%$ Fakd@ed vacuum
break val ve st r#@%@ é posed in an | FC 9 of a liquid storage tank
904. Le§2¥G5HBrY @%F“é ?@QEH*@%”W%EOW ?ﬂ@f@rb‘iz Bolis and nUBR DY | i quid 908
in the sbtedagthetfastknd®ih this @tbc@ixm@r\/ce@thﬁﬂ.ﬁypeé btfaviafsidroab a@akoemakde structure
102 is i i t he

st orage“"pan e?%'g%%q%oﬁgﬁ%ntté ¥¥eg\e/;(reé tzgﬁcfl !g E'Gkgg%t Riﬁra‘ﬂ o?Qﬁge‘e? é’?ﬁ? 904. The

| FC 902 Shpwak whish qofresnq l}pdh@bgeaﬁmt{ﬁgma@mfﬁm)he:aaontealpv@mstzﬂact ure 102

r emai ns of ks egvaiBédtl 2ok hddl tl"ngli'i'oﬂas|@ﬁ9 F.g%l@ﬁ a8t {h% rﬁsrﬁ gf}glcﬁ\{% H%lgagaéngbyTth 26| ngg

support 06 of | FC 902 cont

902 stogggrfBW'}ﬁj"%WFw @%‘éaa}‘f%eﬂtggl‘@%%rm%" e in contact wWith a
bottom 912 of the storage tank 904. Wien nore liquid is drained fromthe
storage tank 904, the vacuum break val ve structure 102 opens as the fl oat

val ve 206 (Figure 2) of the vacuum break valve structure 102 noves
downwar ds wi BRfEINS kesk teBisuregS.| theykide besidl04dre 2 Micateddwaitebgi@oas| v

prevent $na iNG@Risi é’%io@fﬂ@%ﬁ#ﬂ'& bou, g9 s Reh@WoL Rsuth 'ﬁ% ﬁ%ontai portion Wien the
e tank 904, t | eg supports

liquid AS. SUp info.the enp stora

906 of alg% r%”"l ﬁpéﬁn%’%r@”w Pﬁez%tl?gﬂ‘?ﬁr@b‘iﬁ‘m?ﬂemﬁ 8PEHe tank 904
and thepuémumtiom&kan/ahgr@osahmumDe%wﬂi@ﬂmi toriapetaiesbriidhs Anhaclpbaiehd | evel 910
rises i e , I | e 2 f the vacuum
broak vaPs Lo agBRals oh 38 oPHis bR by pUTbeeaRde R Gblaffen (he

li quid hejzanta portion214 certain |iquid I evel 910, the vacuum break val ve

structure 102 closes. A watertight and an airti ght contact is
advant ageous n overflow of the I|i evaporati on of the

li quid, and W@Er Ovlléo‘jé'i“?m PIMEVESRELAY %%F‘é‘g%@@%@ WOBMEHY As nore

i qui d 908300 ariglass resnforcements 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
980 mm. The diameter of an end of the arc portion 506 opposite o the end having
the sloping portion 504 is about 600 mm. Other dimensions are aiso possible in
different embodiments.

Figure 6a shows a top view of the float valve 206. Figure 8b shows a cross
sectional view of the fioat valve 206 along line C-C of Figure 6a. As described
above, the fioat valve 206 comprises an annular seat surface 220 disposed near the



added into the storage tank 904, the IFC 902 floats on the liquid 908 and
rises with the liquid |evel 910. The shapes of the various
conponent s i ncluding the nmanhole, the float valve, the valve seat and the
fl oat val V& $p¥Pp8Ps are not limted to that shown in REFES@EESOPIBEA
enbodi nents. Further, it will be appreciated that the dinensions of the
various conponents including the manhole, the float valve, the valve seat
and the fl oat val ve stoppers may be %i fferent in different enbodi nents.

It will be appreciated by a person skilled in the art that nunerous

vari at i edge ahitié dioainwdisf 265atn thissembaydibentriidesdad stffieeR20s@mt bd mednt | on as

ar at i i it _ tbd mada i
cope of PREFREAPRISES SORERIerMc B be PR Aot B SR <o

t her ef of@faeocgeincdfigetepabiofimenist Thesssat edrface B has aswiddt (W %And not

restri Chbot®. 83 4 nilaiMS thickhesd (LRGH WBbIRT B am Veliee drhéntidry &ref ko an i nt er nal
floatin caver é)fl; a qu}t;)i d storage tank, the vacuum break val ve structure
conpri sgﬂ%f‘:‘ € in difisrgn AHRCIINGS. connected to said cover and defi ni ng an
openi ng through said cover,

The float valve 206 further comprises six protrusions 602 around the
circumference of the float valve 208. The protrusions 602 are arranged such that
each profrusion 602 is substantially eguidistant from the respective adjacent
protrusions 602. In this embodiment, the length of the largest edge of the
protrusions 802 is about 143 mm, The width of the protrusions 602 is about 60 mm.
The profrusions 602 can have the same thickness as the float valve 208, i.e. about
66 mm. The protrusions 602 advantageously maintain a position of the float valve
206 within the main structure 402 (Figure 4b) of the manhole 202. The number of
protrusions 802 may he different in other embodiments,

In this embodiment, the fioat valve 208 and the protrusions 602 can be made
of Series S1000, S2000 or S3000, glass reinforcements and Celcore Polypropylene
Honeycomb, Since this material is less dense than the liguid 116, it allows the float
valve 206 to float on the liquid 116. Other materials may be used for manufacturing the
float valve 206 and the profrusions 602 in different embodiments. The fioat valve 2086,
excluding the protrusions 602, has a diameter of about 750 mm. The float valve 2086,
incfuding the protrusions 802, 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
ouier diameter (d;.) of about 810 mm, an inner diameter (d,;) of about 302 mm, a
width (w,} of about 4 mm and & height (h.) of about 166 mm with an allowable
variation of about +3 mm. Other dimensions are also possible in different

embodiments.



a float valve not connected to the valve seat and di sposed for
substantially free novenent under buoyancy between an open state and a

cl osed state; wherein in the closed state the float valve contacts

t he val veWsbd%/8li¢f% n t he open state there i s a passageiEyGHevIeEn t he

fl oat val ve and the val ve seat; further conprising a frame structure
connected to, and extending through the cover, wherein the valve seat is
connected to the frame structure angd, the float valve is disposed within the
frame structure for the substantially free novenent under buoyancy between
the open st giguraridstidee £besedesloabeyieand the vacuuwhienek nalvbetrliciaree structure

s di mens) onedd foLUARLI AR 3% GBIl S0f 0o BECRSS D0 SRRl sA0E tank

t hrough Sal'd cover. acuum break val've structure as clained in
cl ai m Tremfoyed Hemaowap B0 isragivenigaecusdl eviged ppdioy afcespordyeghatidre frame

s: r ucg Wige bRl aljce¥@ndiddd thde-d hoator\AkiNRNARQRMTAB WA goPbhn BE rdibey f rane
Struc

re. 3. The vacuum break val ve structure clained in c|aim2,
wher of PG RER BIBAL Y alePENS BbD6r SERBFPLcSHoN S i3 (eI el i sposed
acr 0ss mhehdnisume 1 14t0 grhdday apgansnfob rredienalcs of shniaustaness afsthelstdragd in claim
3, whergin,the |ongitudinal nmenbers are secured within the frame structure
using cotter pins. 5. The vacuum break val ve structure as clained in arty
one of the preceding clains, wherein the valve seat is secured to a rim

portion of thR Jaeai® phdak WakA kRUMNNE R dRsteeinpitinepraadl ahhee ithaéyveen. 6. The
vacuum br eak \f:al ve s%ruct ure as, cé ai med_in né‘ (gci&e. of é{{\gg precedi ng cl ai ns,
wher ei PYPRES: |FERFE §an0ws éoﬁ?ﬁ?’?%t@s "aYng 7 &1 Pl R UNHPIG2 P85 ed near an

edge ofbredie villloatruohak vie2 fdiaposmshinaat IR 9&2 obrrigsipomdegrgteahrBidategeat surface
of the Y¥abYg: §&Are attached to the IFC 902.

When a liguid 908 in the storage tank 804 is at a level 810, the vacuum break
valve structure 102 is in a closed position. When the liquid 908 is drained from the
storage tank 804, the liquid Jevel 910 drops in the storage tank 804. The IFC 802
floats on the liguid 908 and the vacuum break vaive structure 102 remains closed
until the liguid level 810 falis to a level whereby the leg supporis 908 of IFC 902
contact a bottom of the storage tank 804, The IFC 802 stops moving downwards
since the leg supports 906 are in contact with a bottom 912 of the starage tank 804.
When more liguid is drained from the storage tank 904, the vacuum break valve
structure 102 opens as the float valve 208 (Figure 2) of the vacuum break valve
structure 102 moves downwards with the decreasing liguid tevel 910, This
advantiageously prevents a negative pressure building balow the IFC 902,

When the liguid 808 is supplied inio the empty storage tank 804, the leg
supports 908 of IFC 802 are in contact with the botiom 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 iiquid 808 and rises with the liquid fevel 210. 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 prevenied. As more fquid 808 is



Anmended Sheet | PEA/AU 16 7. The vacuum break val ve structure as clained in
any one of the preceding clains, wherein an airtight and liquid tight seal
is provided in the closed state. B. The vacuum break val ve structure as

cl ai med | WORPBAE?of t he preceding clains, wherein sdl@@EEOEEhpri ses a
| eg supported cover or a roof hung cover. 9. The vacuum break val ve
structure as clained in any one of the preceding

14

added into the storage tank 204, the IFC 902 floats on the liquid 808 and rises with the
fiquid level 810,

The shapes of the various components including the manhole, the float valve, the
valve seat and the float valve stoppers are not limited to that shown in the described
embodiments. Further, it will be appreciated that the dimensions of the various
components including the manhole, the float valve, the valve seat and the float valve
stoppers may be different in different embodiments.

it will be appreciated by a person skilled in the art that numerous variations
andfor modifications may be made fo the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, fo be considered in all respects to

be iliustrative and not restrictive. !



clai ms, wherein the float valve i's remvable to provi de acBETSG2007900325
storage tank. '10. A nethod for preventi ng negative pr ess UReseised 4 Juns 28% an
underside of an internal floating cover in a liquid storage tanknethod
corrprl‘sl ng the steps ot connecting a frame structure to the cover, the
frame structure extending through t hgscover; connecting a val ve seat to the
frame struct nd di sposing a float valve within the frame
structure for sunfjstantlal |y free novenent under buoyancy between an open,
state and a closed state, the float valve not being connected to the valve
seat; Viher oh madupmttinskofalye ellcbrefor an inéental foating abyes of afigdidt s t he val ve
seat and in tRRaRRAR, mé&éth@nbﬁaf@uesmmﬁﬁwy between the float valve

and the val ve Sea& Va@&at oonnected to said cover and deﬁmng an opening ﬂlrough
said cover;
a float valve not connected to the valve seat and dxsposed for
substantially free movement under buayancy between an open state and a
closed state;
- whierein in the closed state the float valve contacts the valve seat and in _
the open staie there is a passageway beilween the float valve and the valve seat;
further comprising a frame structure connected to, and extending through
-the cover, wherein the valve seat is connected fo the frame structure and the
fioat valve is disposed within the frame structure for the substanfially free .
movement under buoyancy between the open state and the closed state and

wherein the frame structure is dimensioned to funct:on as a manhole for
accessing said storage tank through said cover.

2, - The . vacuum break vaive structui*e as claimed in claim 1, further
comprising float valve stoppers disposed on the frame structure for preventing
" the-float valve from moving out of the frame struciure.

3. The vacuum break valve structure as claimed in claim 2, wherein each

fioat valve stopper comprises a longitudinal member disposéd agross the fpamé.

4, “The vactuum break valve struciure as claimed in claim 3, wherein the
iongitudixial members are secured within the frame structure using colfer pins.

§. . The vacuum break valve structure as claimed in any one of the preceding
_claims, wherein the valve seat is secured to g rim poriion of the frame struciure
with a gasket disposed there between. ‘

6, The vacuum break valve structure as claimed in any one of fhe preceding

claims, wherein the float valve comprises an annular seat surface disposed near

an edge of the float valve for contacting a corresponding annular seat surface of
© the valve seat. ‘
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further conprising dinensioning the frane structure to furRET/EF28/090225
manhol e for “accessi ng sai d storage t ank t hrough said coveReceived 4rfpae 4% o d
as clained’in claim10, further conprising disposing float val ve stoppers
on thé'frane structure for preventing the float valve ffomnoving -. out of
the frame structure. 12. The nethod ws clained in claim 11, wherein each

f1 oat Va' Ve top va msﬂé@%ﬁsh@&%w%m& MBI B ofticsPeRefg acr oss the

frane.

the | ongi tucﬁ’?\'ﬁ? “ﬁ?@"ﬁtﬁ'@ﬂ‘sa"gﬁ*?ﬁ“ :qlzlﬁggiﬁr 2l DphSided Hif e QURr i Si NG securing

ane Structure using co
Amended Sheet | PEA/ AU g cotter pins.

8. The vacuum break valve structure as claimed in any one of the precedmg
claims, wherein said cover comprises a leg suppcrted covea’ or a roof hung cover.

9.  The vacuum break valve structure as claimed in any one of the preceding
claims, wherein the float valve is removable to provide access to said storage-
tank.

10. A method for preventing negative pressure buildup on an underside of an
internal floating caver in a liquid storage tank, the method comprising the steps
“of: . ’ )
_ connecting a frame structure to the cover, the frame structure exiending
through the cover; ' ' :
conngciing a valve seat to the frame structure; and
disposing a fioat valve within the frame structure for substantially
free movement under buoyancy between an open, state and a c!osad state, the
float vaive not being connected to the valve seaf;

" wherein.in the closed state the fioat valve contacts the vawe sea’t and in
the open state there is a passageway hetween the float valve and the valve seat,
and ' ) .

ﬁ:ﬁher comprising dimenéioning the. frame structure to function as a
marhole for accessing said storage tank through said cover. o

14. The method as claimed in claim 10, further compriging disposing float
valve stoppers on the frame structure for preventing the float valve from moving -
out of the frame structure. ‘

12,  The method as claimed in claim 11, wherein each fioat valve stopper
comprises & longitudinal member disposed across the frame.

. 43.  The method as claimed in claim 12, further’ comprising securing the
longitudinal members within the frame structure usihg cotter pins.
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17 14. The method as cl ai med in .any one of claims 10 to 1BCT{SG204e00225
conpri si ng~securing the valve sédat to a rimportion of t heRecpized Juned8%r o
with a gasket disposed .there between. 15. The method as cl aimed in any one
of cl dims 10 to 14, further conprising disposi-ng an annul ar’ seat surface of
the float valve near an edge of the f4 oat valve for contacting a

cor respondi Ny ANRYL oS 8l ol Ay She 4N 06 1aCRARer cbfiprckie Nt hod as
clainmed in. any qne_of cIa

5 onpLisin vi di ng an
airtight andSfHG® §° "f’"ﬁﬁtseseala i p?rém’ 4 oséﬁgst a &P vf% aq‘:f%ge“gmst hod as
cl ai med i n afigrespéthgfe betwaps 10 to 16, further co.rrprl sing renoving the
float valve to provide access to said storage tank. 18. An internal
floating covgg Ofmé.dehﬂ&"aéc@ﬁ@&ﬁ%yfoa@kfﬁaﬂg)m &I A0nANMAGHERBARr eak val ve
structure as di(éllaoaslmgean annui%nyeapgu%agg Ofcd'l hOrn? véltv Qea? an e%g? g%g ﬂ§qeet | PEA/ AU

valve for contacimg a corresponding annujar seat surface of the valve sest

16. The method as clatmed in any one of ciazms 10 to 15, further comprising
providing an azrt:ght and liquid tight seal in the closed sfate.

17.  “The method as ciaimed in any one of claims 10 to 16, further comprising
removing the float valve to provide access o said storage tank.

18.  An internal flodting cover. of a liquid storage tank comprising 2 vacuum
break valve structure as claimed in any one of claims 1 10 8.
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