WO 2010/024662PCT/NL2009/000163 TITLE. Method and system for reducing and preventing
emissions from liquid storage tanks.  The invention relates to a system for use interiorly in a storage
tank, said storage tank 5being suitable for storing a liquid load, the system comprising: at least one

flexible quuid§9 der for taining the liquid load. Large storage tanks for liqui ducts, like
petroleum an (éﬂg%@éﬁ%%ducts, usually are of the type "fixed" of "floatiné"er%o}ﬁ‘%g%ﬁ%lﬁ The

"fixed roof" storage tanks have a fixed interior volume. Said storage tanks may be located upon solid
base ground like in a storage yard or may be located upon a floating device like a ship, which is
arranged for transportation of liquids; or like a tanker; or like a so-called FPSO (Floating Production,
Storage and OffbEdiNGindAne &Y STiter SRiuERIBRARIRYSEHRY erBiseiens frRe iaNd staraess
partially filled vatiksa liquid product, the remaining part of the volume being filled with ambient air. This
ambient air will saturate with vapour resulting from the liquid, until the vapour pressure, corresponding
to the tempera'I#re in tr{e tanlfétis rteoacge . ;u;thermore eva (larqatiotn isd teanEnisne Sl%x tahe §oﬁﬁalled
breathing of the TanksW ogré%y Saraes \(/eapo‘ﬂrulge THGige argae OOt the tank and tlsan air from
outside 12 draReing iFHBable foRItoURReilimideady JoFYERay EOMARS RO BLiMeASt IRRAdMSMBIACtS, the
air present in tiygithh&ldeefoprishtginapgate figuidtlbadiquid, will be vented from the tank and emitted to
the ambient air, unless suctioned in and recycled. 25The "floating roof" storage tanks have a variable

volume. The roof of the tank floats upon.the liguid cqntained in the tank, so that usually, as a result, no
free space is presenirav'\'/ﬂﬁi#(?ﬁa@??ﬁ? Osﬁ% '?%‘é’rﬁ’ i 5?ﬁ’qﬁ% igeﬁ'[j’r'ﬁﬁqua{)'&t%ﬂ he gﬁib‘? ecz%bof will
move down uf§HRibeaehesthateesafiredlipddteatingetPafiliftm height; usually about 1,5 meter above

the baswfloor of the tank, whereby the roof is supported upon 30 legs mounted onto the underside the
r_oof_. Wh(_an the _tank ﬁ_éu‘ﬂt&%_& q&@%@oﬁ&e“f@ﬁé%@% Qﬁ%&emﬁ}%FWuw%&?QtQ&&é {‘éﬁﬁs a_nd th?
liquid is filled vr\#gh %mpleqt gir. Thlssoqjé m” alsol%%t IE\é%ate&gvgh vapaur res‘_:]ultier)%/gI frg?wdthe gEUId until
the vapour pressYJree, c?c():raréaspu e Ing to agen%?pera tre'hfe {aﬂﬁ,’?srrea?:ﬁ‘ed. hie the R is refilled

with the liquiddfoatics ¢rvish l&sudrabiry Whith 4 atmRNIRALER ERftspedatismah idyHer @bl dR of the
tank through theniser;cetl@ke"anspsedisd . FPBG (Rigatingefradidtice, Groagd| i inhOffidading) ppaddedweight
than ambient gifRRELFSHRAMPARERINE UgEAMANY IR BRCYENHHEA LSRRG e i iquiaich e.9.
may lead to S%'r%%ﬂ‘fig t eOreang,l%QQZ ‘.‘:g(rstzgc%ﬂ'\'/'a ucl)'rcw)g /tc))(gg& %:I)’Ied with ambient air. This ambient
air will saturate with vapour resulting from the liquid, until the vapour pressure,
corresponding to the temperature in the tank, is reached. Furthermore evaporation is
determined by the so-called breathing of the tank, whereby saturated vapour is
20 discharged out of the tank and clean air from outside is drawn in into the tank. While
filling this type of storage tanks containing liquid products, the air present in the tank,
comprising vapour from the liquid, will be vented from the tank and emitted to the

ambient air, unless suctioned in and recycled.

25 The “floating roof” storage tanks have a variable volume. The roof of the tank floats
upon the liquid contained in the tank, so that usually, as a result, no free space is
present within this type of tank. When the liquid is pumped out of the tank, the roof
will move down until it reaches a mechanically determined minimum height; usually
about 1,5 meter above the base floor of the tank, whereby the roof is supported upon

30 legs mounted onto the underside the roof. When the tank is further drained, the free
space between the roof, supported on its legs, and the liquid is filled with ambient air.
This air will also get saturated with vapour resulting from the liquid until the vapour
pressure, corresponding to the temperature in the tank, is reached. While the tank is
refilled with the liquid product, the air, saturated with vapour, will be vented to

35 atmosphere outside of the tank through the so-called “rim seals”. This vapour-air
mixture generally has a higher specific weight than ambient air and remains therefore

usually within the cylindrically shaped upright wall, which e.g. may lead to so-called



2 "rim fires": fires originating from lightning strokes on the tank, thereby causing ignition of said
vapour-air mixture. Besides vapour-phase emissions also emissions of the liquid products from both
type 5 of tanks may occur. Generally these emissions are caused by small scale leakages like e.g. not
thoroughly cloa;eodzg?or) %d gonnections or leaking valves. The liquid losses caused t3 /small leakages
generally disappear Into #i% base ground nearby the tank. Large losses will GEIPAE 8481t of the
failure of the wall of the tank. Each tank, is therefore surrounded by a so-called "bundwall". This is a
dike around the tank, 10 whereby the height of the dike and the interior surface are such dimensioned
in that the holding capacity for the amount of liquid corresponds to the maximum tank volume. Finally,

subsequent to PR thBresapsiairatiog themglithBindratiekementtideciAnknithargbydsaensst during
cleaning of thegisitikn b BaahvdphutGiz00ktER398 and US 3,537,608 is it is known to store liquids into
compartments of flexible liquid holders, so that cleaning of the storage tank is not necessary when

changing the stored liguid and so that vapour formation in the free space ig redyced. However, within
Hored g fahacedsisdyced: bgne

. esid our-phase emissions also emissions o e 1 rogu rom Do e .
these flexible |qU|deﬁo s apgas or vapour f)ahase IS formed, for eﬁamﬂe y évaporation Fhqwd or

gas expélled fRokRRKE MAViQCHKe Senertly AhasR Ponssinssctre Aaveediibyeragtetriieirakanss lkls. Due
to this effect theegilenoblehbepudHHipl diesés! f6latmpd ndtmbest tiynth e rg ke kingh eahssso Urheh Bgpaid Slod et after
drai_ning th_e |_i%i5§é'ﬂ3H?ER)SIFQEAQXEQQW?{%JBW@@%@&UQﬁ@'ﬂgéé YRt b8y Blevapaur is
retained within the figxible aglder which may, eopipinals (e Pfﬁ% '\'N%Lh'dﬂﬂ‘ﬁé@{%rﬂf paead
undesired emiSSONS ANG/OF 1038 OF producf or (o costS Tor285¢ eaning. Moreover the presaenc'éc’ of

(large) amountassefiemasHiTaBnEed ouR aArdiaskeByadyiesifitteipetdike gredediahgeiedkiire or
explosion. Fronh&ebyhthateng 008 2dike amd ahecirtktive apifiicaateasuthfldinklesielesdanttisaB80 known
(also indicatedras iR EapHSE HRTRY IR HiRheliriBeiag SitaledRkFRIRGZRC/OT
transporting of 3 I|%U|dFloa](EI, m@&rtl%ul rIor a holdertr(l)f a tranksygo'{t or torlagqf devtlcg |tl ea t;%?k lorry, a
tank container'0r'3 gtor%rl'aeyfa% PR MTI R DIE BieTne St rr"naeli)/r eaad?ustt ut 'ﬁeoffeé) spgcgaré ove the
liquid in the hdlferemaitnag Bewdadrariassidanngclreninn @fthedarlion of the vapour space is realized.
35 WO 20101024662PCT/NL2009/000163 3

15 From DE 10 2004 009398 and US 3,537,608 is it is known to store liquids into
compartments of flexible liquid holders, so that cleaning of the storage tank is not
necessary when changing the stored liquid and so that vapour formation in the free |
space is reduced. However, within these flexible liquid holders a gas or vapour phase
is formed, for example by evaporation of liquid or gas expelled from the liquid, like

20 with partially degassed crude oil extracted from bored wells. Due to this effect the
flexible liquid holder is further inflated by the gas or the vapour phase, so that after
draining the liquid holder by removal of the liquid phase, a substantial amount of gas
or vapour is retained within the flexible holder which may contminate the next liquid
charge or may lead to undesired emissions and/or loss of product or to costs for

25 cleaning. _

Moreover the presence of (large) amounts of inflammable vapours and gasses is

undesirable because of the danger of fire or explosion.

From Dutch Patent 1030882 in the name of the applicant, an inflatable element is
30 known (also indicated as airbag) for use interiorly in a holder, the holder being
suitable for storing and/or transporting of a liquid load, in particular for a holder of a
transport or storage device like a tank lorry, a tank container or a storage tank. The
~ inflatable element may be adjusted to the free space above the liquid in the holder, so
that both an anti-slosh device and a reduction of the vapour space is realized.
35
Therefore there is a need for a system whereby continuously and reliably, at low

costs, with a considerable reduced risk of fire or explosion, with a minimum chance on



failure and without any effect upon the quality of the stored liquid, the storage tank may be operated in
such a way that vapour or gas formation in the liquid holders, located inside the storage tank, is
avoided. 5The object of the invention is therefore to provide a system whereby vapour and gas
formation by Ii‘%)idoslﬁ)[ezg&qt in the tank, vapour and gas emissions to the environment and also
uncontrollably A un?ieswably expelling of liquids from the tank during fiIIiﬁ&gﬁ&zé’ﬂ%@&%ln‘a is
prevented, and whereby the risk of fire and/or an explosion Is reduced and a dike or 'bundwall’ is
superfluous for retaining the liquid 10product or liquiddload in case of failure of the storage tank wall or
of failure of the holder of the liquid products.  This c')éi%ect of the invention is achieved by a system

according to tF'Hie 3R KRN SIRYEH G MBI T ERS ALY A Ehe strTed iftidn e I80RGE Lkl for
containing an mBinfetiopegaisd By sochbininay thisliqipoloadrirgahdomuadidoldetheitaid indldersle

element the gaz#ed varRWhEDsBAltin ke dusriladarmation of a gas or vapour phase in the liquid
holder is prevented as a result of inflating the inflatable element by means of the inflating gas. 20In a

preferred embodiment the inflatable element is provided with an accordion wall or otherwise

extendaBle or unfoldBMePRISM A EARSIMXANERNFSREEITP5R A PrEYIERVISIER) YWRSSRMG BPMEcharging
inflating gas. Bhdsgam Eamaenatipviidoidth eresénini chmftatkb leapmmendtgdze emisesidreati\tithout the
need of applyigg,RoRiBRHIess disowiebn irmaBiAkNal @ Ries8Bly 2xpelling bR iR{alRY o fiasikimkiquid

holder comprlﬁes"fle le Wa||€ and/or is provided 'éh arqoa%vqgggégn w%IIr(I)Srkot_e vr\gsgne tendable or

unfoldable wall O Wa s',"&/h“‘.E S’H?Bf&'%? fglcPﬂeﬁl?gs%écﬁvely by supplying or dischargin %eanquid
load. Th&XB'Asissifd8hItsBI8MHA Wike/Slurbenadik ityShP ay 15kaining e difyidowithout
the nead of brpmgdugttioe liquid ozl ito casegbf fedisseiref. the sRargeutany W lioHaifi ifdd e wfetiteand/or
the liquid holdgsaée siantidiygd proaakiyvo or more elements or are provided with two or more
compartments.

This object of the invention is achieved by a system according to the preamble; the

system further comprises: at least one inflatable element, suitable for containing an
15 inflating gas.

By combining the liquid load in the liquid holder with an inflatable element the gas and

vapour formation is reduced, formation of a gas or vapour phase in the liquid holder is

prevented as a result of inflating the inflatable element by means of the inflating gas.

20 In a preferred embodiment the inflatable element is provided with an accordion
wall or otherwise extendable or unfoldable wall or walls, which unfold or fold up
respectively by supplying or discharging inflating gas.

These measures allow for the volume of inflatable element to be varied easily without
the need of applying a high pressure within the inflatable element.

25

Preferably the flexible liquid holder comprises flexible walls and/or is provided
with an accordion wall or otherwise extendable or unfoldable wall or walls, which
unfold or fold up respectively by supplying or discharging the liquid load.

These measures enable that the volume of the liquid holder may be varied easily

30 without the need of bringing the liquid load to a high pressure.

Particularly the inflatable element and/or the liquid holder are configured out of
two or more elements or are provided with two or more compartments.
As a result thereof large elements or holders for large storage tanks may be

35 manufactured easily and at low costs.



As a result thereof large elements or holders for large storage tanks may be 35manufactured easily
and at low costs. WO 2010/024662PCT/NL2009/000163 4 The invention also provides for an
inflatable support element provided interiorly within the liquid holder, which support element, in its

inflated use pov%i(t)ic%n 0%!'rggzsuitable as support for the roof of the storage tank or as su%)ort for the
inflatable element. 5These inflatable support elements, provided inside theﬁﬁﬂ%{ﬁ%ﬁ%{g ,lgécupy a

portion of the liquid holder so that the roof or an inflatable element located upon the liquid holder, may
be supported and inflow of ambient air is prevented of‘strongly reduced. In an alternative

embodiment the liquid halder, positioned within the storage 10tank, on its upper side is not provided
s i i

with a wall, so that ad 2ErB¥GRYAR HFRLPLBYIESIAI PRGSO HRS T RIfmEN R SPEh R RS Y oad. In
this embodimewitaintiibeidjgitichbrider bribigho peppattiifiensas: diddsaimiiatpdrussy aesitippebseitie is
covered by thesinfistalie elppabtfdhenkaddapatehabauatketiguidr andupssavnish the fanatatien of
vapour and gag,sds.gduced by the inflatable element. 15 In particular means are provided for
adapting the volume of the inflatable element and/or the support element when the volume of the

flexible liguid hOIERS NGRS SHPRRST BRI RIYLSAinsis th Had DalSImPeHRY B BPE.Dre
means; a 20 prédbartiquidevaliienaardhiat] thie sgeten anitinBatahienplernenintpreiesorperotherliguidpressure

air system; safiefjuanataipdoEippivteatiam systnvfanisieid srasgibbaiwaan hodgyiriadicdd holder
and the wall of the storage tank. = Therewith the formation of vapour and gas in the liquid holder is
decreased and vapour emissions and uncontrollable and undesirable expelling of liquids from the

25storage tank, durinIQ ﬂﬂr@tﬁm%Y8iﬁmB??§’ﬂﬁ%R/8?ﬁéH{”‘d holder, positioned within the storage
10

tank, on its upper side is not provided with a wall, so that as a result the inflatable
element rests upon the liquid surface of the liquid load.
In this embodiment of the liquid holder, being open at the upper side and whereby the
upper side is covered by the inflatable element, the free space above the liquid — and
therewith the formation of vapour and gas - is reduced by the inflatable element.
15
In particular means are provided for adapting the volume of the inflatable
element and/or the support element when the volume of the flexible liquid holder
changes.
Preferably the means are selected from: vacuum en overpressure means; a
20 pressure or level controlled air system with air pump or compressor or other
overpressure air system; safety, warning or registration system for liquid present
between the flexible liquid holder and the wall of the storage tank.
Therewith the formation of vapour and gas in the liquid holder is decreased and
vapour emissions and uncontrollable and undesirable expelling of liquids from the

25 storage tank, during filling and draining, is prevented.

Particularly the roof of the storage tank is a floating roof, and that the inflatable
element, at its roof side, is provided with a shape corresponding to the interior shape
of the roof.

30 Preferably the inflatable element, with the therein contained inflating gas, is
mounted upon the upper side of the flexible liquid holder such that in the use position
within the storage tank essentially the inflatable element abuts against het roof of the
holder and the flexible liquid holder essentially abuts against the base of the storage
tank.

35 The inflatable elements closely adjacently link up against the roof in order to prevent
vapour and gas formation, while the liquid holder closely abuts against the base

preventing emission and leakage of liquid.



Particularly the roof of the storage tank is a floating roof, and that the inflatable element, at its roof
side, is provided with a shape corresponding to the interior shape of the roof. 30Preferably the
inflatable element, with the therein contained inflating gas, is mounted upon the upper side of the

flexible liquid Qg}g%ﬁ}dgkgpat in the use position within the storage tank eslsgp&%%og?@(m&atable
St aputs

element abuts against het roof of the holder and the flexible liquid holder essentially against the
base of the storage tank. 35The inflatable elements closely adjacently link up against the roof in order
to prevent vapour and gas formation, while the liquid Rolder closely abuts against the base preventing
emission and leakage of liquid. WO 2010/024662PCT/NL2009/000163 5 In an alternative
embodiment the inflatable element and the flexible liquid holder each are provided with connection
means, such as infloin ean critkonative aembedimertiidheniiiigbapleaslameniyaintidhe fexikletiield without

Cont_actling rt]he mw&geaét}aele%rﬂww hwglboar@awpﬁm%ﬂa,ogﬁutﬁ th?fow%agmtﬂaw. meani§) |
t t at t
particular the 'Oﬁﬁ(ﬁ%ﬁ %ﬁ/%ﬁﬁgoa%ﬁcﬂcgﬁﬁ%aﬁé’% '%@;%&R%N? wheH %ﬁtgsmaezweegmgsevo ume

of the storage ta the ume o older. means of the connection means the

liquid hofiler affMH iHitEamEL AL BYRBYAIdM oAt o SRedHRrR98 M@K pendently with respect to each
other. As a result, if requaditulae thstinflatalplebelepentitedin secipiasnaypartiarthef litheidviabldwr and the

inflatable elemgirtfegathestwibnoiheonunpie!ofilkhe Sieragiiramveldre dlethRRinge taekidadhe
invention also ﬁg@g;s to a method for supplying and discharging of liquid load to a storage tank which

is provided with a System according to the invention comprising the foIIowin%stePs:
By méans of the connection means the liquid holder and the inflatable element may be

10 filled and drained independently with respect to each other.
As a result, if required, the system may be operated in such a way, that the liquid
holder and the inflatable element together will not completely fill up the entire volume
of the storage tank.

15 The invention also relates to a method for supplying and discharging of liquid load to a
storage tank which is provided with a system according to the invention comprising
the following steps:

- supplying and discharging of liquid load to the flexible liquid holder such that
the volume changes of the liquid holder,

20 - registration of the volume change of the liquid holder,

- supplying and discharging inflating gas into the inflatable element, such that
the volume change in the liquid holder is compensated.

In particular the method further comprising the following step:
25 supplying or discharging of inflating gas into of from the inflatable element and/of the
inflatable support element for displacing the roof of the storage tank.

The invention also provides for an optional addition, which measures, registers or
reports the possible presence of liquid between the flexible liquid holder and the tank

30 wall. This addition may optionally be connected to a safety or warning system of the
tank terminal, where the storage tank is a part of.

The invention also provides for the possibility to let the upper side of the inflatable
element function as the roof of the tank, such that this upper side of the inflatable
35 element is always retained at the same position, identical to the roof of a “fixed roof”

tank and in which the remaining part of the inflatable element is adaptable to a variety



supplying and discharging of liquid load to the flexible liquid holder such that the volume changes of
the liquid holder, 20registration of the volume change of the liquid holder, supplying and discharging
inflating gas into the inflatable element, such that the volume change in the liquid holder is
compensated i the method further comprising the following step; 25supplying or
discharging of in I% ﬁg%gézlnto of from the inflatable element and/of the inﬁaggllézﬁ%ég iflement for
displacing the roof of the storage tank. The invention also provides for an optional addition, which
measures, registers or reports the possible presence & f liquid between the flexible liquid holder and
the tank 30wall. This addition may optionally be connected to a safety or warning system of the tank
terminal, wher® (FPRES S ERANR7E 215 Pt Bt PNRIRRIE AN TR r QUi S W M Siss SISt the
upper side of trrdumiaafithe tlekiefillzehbyidmedintlid andtid th@atahle eeotethat this upper side of the
inflatable 35element is always retained at the same position, identical to the roof of a "fixed roof" tank

gg%g(}’ﬂgg;?}%ﬁ%%'%% ; %%%ggﬁ?e'rkﬁ?t%%k% ClSRRI B HIFRIARG G AN ENSINNG of the

5 creation and the consequences of a fire or an explosion and for an alternative
configuration during a catastrophe with two independently functioning flexible holders
within the storage tank: an inflatable element and a liquid holder, whereby the current
storage tank outside wall constitutes the outer boundary. As a resuit it is possible to
build and operate the storage tanks closer to each other in a safe way thereby using

10 less ground for the storage of a certain amount of liquid.

The invention is further explained by means of a drawing and some embodiments of
the method and system having an inflatable element and the flexible liquid holder

whereby features and other advantages will come forward.

15
Fig. 1 shows a perspective view of a storage tank having a “floating roof”, provided
with a system according to the invention,
Fig. 2 shows a perspective view of a storage tank with a “fixed roof” provided with the
system according to the invention,

20 Fig. 3 shows a perspective view of an “open” storage tank provided with the system

according to the invention.

Figure 1 shows a storage tank 2 with a roof 6, which may vertically displace
within the storage tank (floating roof), provided with inflatable support elements 10
25 within the liquid holder 1. On the right side of the storage tank 2 is shown liquid
holder 1 wherein liquid load 3 is contained. The liquid holder 1 may be provided with a
flexible wall 8 and/of an accordion wall 7 or otherwise extendable or unfoldable wall so
that the volume of the liquid holder may be easily, without the need of applying a high
internal pressure, be enlarged or made smaller when the liquid load 3 is introduced
30 into or out of the liquid holder, respectively. When the storage tank 2 empties, the
roof 6 will move downwards. In order to prevent that the roof 6 will rest upon the
ground base 16 of the storage tank 2 and in order to reduce the free space within the
liguid holder, inflatable support elements 10 are provided within the liquid holder 1. In
the left part of the storage tank 2 in Fig.1 the liquid holder 1 is omitted so that the
35 inflatable support elements 10 are visible as support of the roof 6. The inflatable
support elements 10 may also be used as support for an inflatable element 11 (see

Fig.2) which is mounted on top of the liquid holder 1.



6 of shapes so that free air is not available in the tank, or in other words, the entire volume of the tank
is filled by the liquid and the inflatable element. The invention takes care for both considerably
decreasing the possibility of the 5 creation and the consequences of a fire or an explosion and for an

alternative confjguiatinnguring a catastrophe with two independently functmg&;g)%glgglders within
the storage tank: an inflatable element and a liquid holder, whereby the current storage tank outside

wall constitutes the outer boundary. As a result it is pgssible to build and operate the storage tanks
closer to each other in a safe way thereby using 10less ground for the storage of a certain amount of
liquid. The invention s further eg%)lalned tz_y means_of a drawmpﬂapage,sv? ic%embocglmeer\}tsrt?cf lilﬂe method

and system having AN R A EraRY %ﬁ'ékfI%Xi%Té"ﬂau?d dlder'W erecﬁyr/"}ga Ures ang dther

advantages wiligiesediayifiirdthessiaepae SprafEinederepdcnievidedy with atordlptatinielesmenl Bl floating
roof", providedandth agsystesidactasdiagiiogtihe the enviemjdnigIn’thisosvsbad)ieraetievbquidvhaltiarstorage
tank With_ a "ﬁ?@% Séfl{ﬁ’é/rﬁdﬁrqti%“@pﬁ%‘? §b@%ﬁn?999E%{E%]t&ms{m@@ﬂ%s%gﬁﬁat%.5_BBVMSt;ﬁe
perspective view of an 'open ra rovided wi system according to the invention.
Figure 1t§show?s'qéf' t f’%dgee g‘a%’kgzt?ﬁt%%’ ??r)%ié) Ei%v%efgg ﬁa’?a\yg?ﬁc‘éﬁ?y%%dgrgég ?Nltﬁ'lzﬁothéogtgraasg% tank
(floating roof), srpeaEWitZinfasainddaplsosiemenb it AnYOR e linddiaidenldemey Cr?¢he right
side of the stotaggpinakordsphcaymligmdyhalsiebé fohekei fivguithoad thisceiiaaad. didzdigbed holder
1 may be proviged wiiRalexibls Wil pdafn ASCArdingerel ol RIWIaa A BRRARBIR OF
unfoldable wall so th tthﬁ volume otf ”l‘(ez'lg“ég holdt%r rr%ﬁgfe efjaﬁll}/ WI{hOrlilt thﬁ rgegid ofeggéplglng a
high internal p?ggsvﬂ' "bte %ﬁfgff]%% MhadegRater Whe's f%”lqu?od%adé 8 L|'r11traoauc(:ae% Mto or out
of the liffid hdldeandetisetiavidhholdeesd tegathangeetarrchefillnesintthe doesnalivaleme @bwhtvards. In
order to prevestoilage ttmkani\Bhei tlestiqguandie Pro inebbacal 1ttothbdi gladagidiarde dbad gasorder to

reduce the freg,Spage Withinahs ki pldaE inflaaifasHRPORE JemsaiS A QiR nECHisied Wihin the
liquid holder 1, In the left part of the sﬁora%e tank ZCFI{]EEétgH’é‘the Illq%older lis o%utted so that the 35
inflatable sudeFfeeqé?\fé’n{géaiﬁsa?é' el RERYUBSS P58 SR Mkt B S BR8P R Ments 10

may also be usetsegusoppshef@mavifritinilatioig 9em i 3 1Mysebrigedpeadic M Rembavitbtpadh ofs of the
liquid hokler 1removed from the liquid holder 1 or the amount of vapour or gas within the liquid

holder 1 decreases, the volume of the inflating gas 13 within the inflatable element 11
consequently must be increased. Therefore for compensation, the system according to
the invention provides for means by which the volume of the inflatable element 11
may be changed oppositely, when the volume of the flexible liquid holder 1 changes.
20 These means may be a warning or registration system, whereby for example the
pressure in the liquid holder 1 and/or the inflating element 11 is measured. Other
suitable measurement methods are: a level measurement or a weight measurement of
the liquid load or a pressure measurement of the walls with a resistance strain gauge
or similar. Furthermore a flow-measurement may be provided at the connection
25 means 9, 17. After the volume change of the liquid holder 1 is measured and/or
registered, the control part of the system will charge or discharge inflating gas 13 to
or from the inflatable element 11, such that the volume change within the liquid
holder will be compensated. The charging or discharging may be executed by means
of a feedback loop, but may also be executed by means of a calculation of a certain
30 amount of required volume. Because of the explosion, safety and vapour
requirements, the control part of the system may be set up in such a way, that the
volume of the storage tank 2 is continuously completely filled up, but if required may
also be set up, such that the liquid holder 1 and the inflatable element 11 only occupy
a portion of the volume of the storage tank 2. The system may comprise vacuum or

35 overpressure facilities and an air system comprising an air pump or compressor 15.
In a preferred embodiment the inflatable element 11 on its upper or roof side is

provided with a shape corresponding to the interior shape of the roof. In Fig.2 both



WO 20101024662PCT/NL2009/000163 7 Figure 2 shows a storage tank 2, having a roof 6' which
cannot be vertically displaced within the storage tank (fixed roof), provided with an inflatable element
11 and a liquid holder 1 according to the invention. In this embodiment the liquid holder 1 may be open
on its upper si%%ﬁ%}%&te a completely enclosed space. Both the 5 quy@gﬁl%@; ﬁﬂg the
inflatable element 11 may be provided with an accordion wall 7 respectively 12. The é?latable element
11 and/or the liquid holder 1 may each comprise one gpace, but may also be formed from two or more
elements and/or be provided with two or more compartments. In order to prevent formation of vapour
or gas within the storage tank 2 a gr(o within the Jiquid holder 1, trﬁinflatab e element 10 11 and the
faud holder 1 BTy SR b A SRt A wared wip € RIS RRE Mardah . uia
load 3 is introdDedafipiRPiacifmrathblae P $RsVEE S iR b imsrishrb diPEmatiRe Rhdheholder 1,
the volume of bhftatishiedenatdert will anereatsensef fined spaaaebetivilen tbiuimitatitlece laffetable element 11

must deCfeaSQl%”Fb&PBS%qHP&QMt@ﬁ &mowwéﬁdsmﬂagsgeﬁeléf ’Z‘%BP@_ pyqﬁ¢@é/.\4')%ﬁqu@ load 3
is 15 re@ove%(lomtthe liqui h?l%?r 1 or the aJP%“tOf vap within the li older 1
a

ntageo ere a unifo ! [ols] ?UI’ %r?gssa 1 upon (iHledrrO] L SO
decreas@s, thé VOI0Me 0t the Inf Ing gas 13 \Within the mﬂata‘?ﬁle element 1 c%nsequen?lyl must be
increased. Théhatdfeefflatahiscrlement hdas atempel mfia @ tolefermatinti iR ierkaasr 3dans by
which the voluime evidre tingl atais| avitl ety emifiolrmiva s bgpoted gevk opisostitihg, surtaerdhandoktamebef the
flexible liquid heldey ;&ﬁg&gﬁs. 20 These means may be a warning or registration system, whereby
for example the pressurc—i:_in,w(ﬁ |]9Ui hol er21 and/or the in Iattin elemﬁnt 11t's me as_uH—:'g. Cl)ther
suitable measurement TEHSICER: L RIS AMTRY AR AR 2 B f(f;eﬁtsr'ngagﬂreranen? c')?tﬁeaﬁqeuid load

or a prédsure RWeASOEckhaREIST YRENRIIS wipPartediSta tee igrithsysiage of dimliavitintdetmbie a
flow-measuremgnd nhapée ety idpdraith e cuppeetéan by Sthee base9grbinAftEs thie thelinaki@hange of the

liquid holder 1gs mpasyieshardine 'agktaeth ReeotakPHtPtHRaigyRIesaVE! Haevgpoar disgharge
inflating gas 13 to or from the inflataple eIerEle,nt 11, such thgtt e é?lgme (ih%pdg%(\)/wgrm the liquid

holder will be 38?\16%“'%%?88. 3oy %htaregi%ué)r s r%l‘fﬁri‘ﬁ%d'mar)‘/:‘ 5&&%eclted y XA of a'fe@dback

loop, but may €25tPleéeby €Bglesrd\sPASE s dhatcascaldrsWiothe ciguith1oad ahirast Ber<@m@dvolume.

Becausssof theoexadosinh, thafedjisnd thapnorakgotanknead, theved Btos| tharintibthbls piéerannay be set

up in such a wayyhiatdhe waldmm of the mifiadfclainedt LPIHAHAURY wamaRIRERNofillRdup, but if

required may also bepse?t up, sqé_.ch thatt the liquid.ho der% and thfz mflatabl?sel%gmf'nt 11 onlx occupy a
% §' e syf em a su stem Seous

portion of the volume Gt the torage’tank 2 %’gfsté"n'{ may cp(?an??’se vacuum or%[SBO\?earﬁressure

facilities and aPfedrsySaise EERIBISARS 43 )aikgHathp FPRISHREsyaLis avajlallepéHitetidAgSodiment
the inflatable aewenictdtion by upaes @f WobBide gpravdidegpiytisyatehgpe coneesjisenbynméartie interior
shape afthe rgpf, HadTig, aibattly WepRALARARGERS JitNe2RA/ARO LA thegracidnanddhedpfiatable

element 11 are l_Prov'i ed with cggsigal SQ%Pe'eAvS gsr?sw.tethe ir]flastastglee elc%w('arlts %} aclgrggl II_ineks up
with the roof 6”58 that efomIatidn of the mrarable slement 11Par Sfeaton o free spaces EWeen the
inflatable elenf¥Rterm EidtisegRRSOESIPIBA R PTRIEL G rdspEneRgUsh fBeIBY N0 GRRRENS Fig.1)
has the 5 advamtageoais @fieehpfising il cystalisivitereom ddahieddaciisiectingthpopdsubiiids swehat the

inflatable elemggtlldas FS580d GhRRE PEsHSTOMIAIRIBAHA SAkRL AR BERIEHBIRuEROS Will be

unlform% Squ(r)\r%tesdb%\éﬁ:r Ictgn |SH|[a6tf?)lrJ\rft %es%‘%r%a‘lrs] B?egggyee ‘«j;o‘{\ ggﬁgély When filling the storage

tank 2 or the holder with the liquid load 3 by means of connection 9 the pressure
within the inflatable element 11 will rise so that the pressure controlled system,
comprising the inflatable element 11, will discharge gaseous filling out of the inflatable
element 11 by means of connection 17 in such a way that the otherwise resulting
30 pressure increase is_neutralised. During the removal of liquid load 3 from the storage
tank 2 or from the holder of the liquid load 3, the pressure within the inflatable
element 11 will decrease so that the pressure controlled system, comprising the
inflatable system 11, will supply gaseous product into the inflatable element 11 in
such a way that the otherwise resulting pressure drop is counter acted and
35 neutralized. In case of a gas or vapour formation in the liquid holder 1 the pressure
within the inflatable element - for the reduction of the formation of this vapour or gas

formation — is set up at a small overpressure, for example between 0 - 1 bar



The liquid holder 1 in Fig.2 may be open at its upper side, so that the inflatable 10 element 11 rests
upon or is supported by the liquid surface of the liquid load 3. The liquid holder rests upon or is
supported by the base ground 16 of the holder 2. Because the inflatable element 11 is in contact with
the quuid_ Ioad@é%mag&t& and gas formation above the liquid i_s p_reventeg%l:r’)i%t%g?gmotfgg _quuid
holder 1 is a completely enclosed space so that as a result the liquid load 3 does not come in 15
contact with the walls of the storage tank 2 and the walls of the inflatable element 11 so that
contamination of the inflatable element 11 and/or the Hvalls may not occur. Preferably the system
is provided with a supply system 15, 17 for a gaseous product (also inflating gas 13), usually ambient

air, which is aP¥FINEESh @t pisteablk She RIESFHEY IRssiReSafrm &Pgd2reeLsapPid Stem, or

otherwise by meempges30ref a facility directly coupled with inflating element 11 like an air or gas
COMpressor or pumpriafer 3 SHERPELSRHEGSIAFAAL NRASEE rbBE IR 2Py FifstabRNEISkeRt A tlischarge
system for the,gasgous BIORNSHEMP Tt Al schasb s siaclibyhenappipgAmaiepl af or
comprising a system wherein c.eanlng‘?au ities or other pOSS|Bﬁltles are provided for r_eusé)or another
responsidle mEP3aSIPPENToV4ithr FRe BRREOIRUIANIAET bohR potemisdsniif bt tle8Rtem is
Pressure conteidimdnt/vérts diglamgtbiedigtidayeftaalof2ivr tiaeit ddadr3iim diprdfguredl eatb@dbyeneans of

connection 9 theRIERGUEE NoidEP T ipfitable airmBP!Ad Balbise shiutBptHac MastiECerantiled

system, compg%iggetsrtlse iggﬁt&ble element 1r’Lt ve\!/i” ollji%pnar e gaseous filling out of the inflatable

element 11 by means o conneecﬂg%eﬁ'?ﬁ such a &/ay that the otherwise resulting 30 pressure

increase is nelif&REtabe Sirinert iR 4Aidieidelomas tromafidastyrad reM KD MRIPAYAR holder
of the lit@id loaf] 8 stiimpresstecallikeatipastitaiabietalement 11 will decrease so that the pressure

controlled systea sEsHY IRE A IPEPNR S5 G50nld s¥1il BHAPHFAARE Bt RIRAGHIBIOJhe siflatable
element 11 in aSlf'I%Qt% way. é@?ﬁﬁ@% (ggkr]] rvrvio L TESL lt';ngs%r%s% re drop is counter acted and 35
neutralized. In case of a gas or vapour?ormatlon inthe flq%l Holder 1 the pressure within the inflatable
element - for the reduction of the formation of this vapour or gas formation - is set up at a small
overpressure, for example between 0 - 1 bar WO 2010/024662PCT/NL2009/000163 9 overpressure
and preferably the pressure is selected from the range 0 - 0.2 bar overpressure. Figure 3 shows a
storage tank 2 without roof having an inflatable element 11. In this embodiment the inflatable element
11 functions as the roof of the 'open’ 5 storage tank 2. With an "open" liquid holder 1 the bottom side
18 of the Inflatable element rests upon the liquid surface of the liquid load 3. In a preferred
embodiment a closed liquid holder 1 is provided whereby the bottom side of the inflatable element also
rests upon the upper side of the liquid holder 1. The inflatable element of the liquid holder may be
manufactured from (a combination 100f) a suitable material like a plastic or metal.



The storage tank may be positioned upon a solid base ground, but may also be part of a floating object
like a tanker of a floating storage tank. 10 CLAIMS 1. System for use interiorly in a storage tank (2)
suitable for storing a liquid load (3), the system comprising: at least one flexible liquid holder (1) for
containing the liquid load (3), at least one inflatable element (11), suitable for containing an inflating
gas (13), wherein the inflatable element (11), with the therein contained inflating gas (13), is mounted
upon the upper side of the flexible liquid holder (1), cHaracterized in that the inflatable element (11) is
provided with connection means (9) with which inﬂatinlgd)g\il/s (13) is supplied in or out of the inflatable
element (11) and the flexible liquid holder (3) is p ith connection means (17) with which liquid
load (3) is supplied in or out of the flexible liquid holder (3); the inflatable eIement (11) is provided with

an accordlo 2 h n

respectlvely J{Js];t)?y?/?% %Er’ r;}ét%a?%lign%%é?agqg ?ﬁ at Mﬁ me o%%n%s fﬁE\table
element (11) ma%B@WdﬁtE@mpensate for changes in vqume of the I|qU|d holder (1); and in that
the flexible liquid Bpléegt(aaésmmmmwwma@rqq:):fzﬁd&ﬁtmﬁih@?th@m@wrwethendable or

unfoldable wall or Wa Ils, WhICh rfol respectiyel in rdlscha g the liquid
load (3); means a?e 3{” ed'? L iiﬂ?u %%F%Y %ﬁﬁgﬁgi@#ﬁﬁ ﬁiﬁsthe volume of
the flexible I|qU|th@t@ET the mhfmigds QGWMMCwmmg tbeﬂanmmntarmadtémled gathbtIhdsmeans
for adapting the ypJumRgiQidbe tHY afRiesRIe HERE R AR F8lRSIRSIJEP M) vacuum and overpressure

means; a pressure or Ieve controlled air system with air pump or compressor (15) or other
overpressure alrcél?s' tﬂ? éfnlng or registration system for liquid present between the flexible
liquid holder andhhenﬂaﬂbhli—ztbtemag‘a Jaslprdvidadsieith acnnedtivg ideame(8) witthehpchdatlatipglaims 1

- 2 characterize o (a1, (e table sleqens (hh) ARSI e U heleL i AcerRamfD iggou o

two or more elerfients of are provided with two or more compartments. 4. System accordlr&;% to anyone
of the precedingQKI&is(3)- 1§, BFRYidet MYy ‘i’ﬁ’iﬂﬁ?téﬁ‘lﬁ'ﬂ%?ﬁﬁlégdeBFt &Bﬁ%r‘r‘ﬂ&‘l‘@))'i@ﬁr Adisd

interiorly within tegpitigiimeldsut @)tHaieXible liquid holder (3);
the inflatable element (11) is provided with an accordion wall (12) or otherwise
extendable or unfoldable wall or walls, which unfold or fold up respectively by
supplying or discharging inflating gas (13) so that in use the volume of the inflatable
element (11) may be varied to compensate for changes in volume of the liquid holder
(1);
and in that the flexible liquid holder (1) is provided with an accordion wall (7) or
otherwise extendable or unfoldable wall or walls, which unfolds or folds up
respectively by supplying or discharging the liquid load (3);
means are provided for adapting the volume of the inflatable element (11) when the
volume of the flexible liquid holder (1) changes.

2. System according to claim 1, characterized in that the means for adapting the
volume of the inflatable element (3) are selected from: vacuum and overpressure
means; a pressure or level controlled air system with air pump or compressor (15) or
other overpressure air system; safety, warning or registration system for liquid
present between the flexible liquid holder and the wall of the storage tank.

3. System according to anyone of the preceding claims 1 - 2, characterized in that, the
inflatable element (11) and/or the liquid holder (1) are configured out of two or more

elements or are provided with two or more compartments.

4. System according to anyone of the preceding claims 1 - 3, characterized in that an
inflatable support element (10) is provided interiorly within the liquid holder (1), which



11 support element (10), in its inflated use position, being suitable as support for the roof (6) of the
storage tank (2) or as support for the inflatable element (11). 5. System according to claim 4,
characterized in that means are provided for adapting the volume of the support element (10) when
the volume of the flexible liquid holder (1) changes. 6. System according to anyone of the preceding
claims 4 - 5, characterized in that the system is adapted for use in a storage tank (2) having a floating
roof (6), wherein the inflatable element (11), at its upper roof side, is provided with a shape

corresponding t%dBdeH‘@l@ﬂ{eﬂi‘?*Rﬁ Gh eiiANEPQ H%%uﬁ&‘ﬁr Bl a&"&]BBS'rF%ﬁHBF}B/dPg and

discharging of liquid load (3) to a system for use mtenorgesr: a storage tank (2) according to anyone of
the preceding cléih e § E@Ql‘?)??ﬁhé%%rﬁﬁléuﬁﬁ@r%f@p UB@‘I@W@%‘F@%& hhrging of liquid load (3)

to the flexible I|qU|d holder (1) such that the volume of the liquid holder (1) changes, registration of the
volume cha % ﬁrA Jyff_lﬁn g‘j S p |n (? h Inflat &]% intg the inflatable
element (11), suc &1 atgﬁ b ec arH L‘!é |9n ?ert?l %S?d?e'}gp)%é égr%qgeﬁ%% %)for gc}a&'

the volume of the support element (10) when the volume of the flexible liquid holder

(1) changes.

6. System according to anyone of the preceding claims 4 - 5, characterized in that the
system is adapted for use in a storage tank (2) having a floating roof (6), wherein the
inflatable element (11), at its upper roof side, is provided with a shape corresponding
to the interior shape of the roof (6) of the storage tank (2).

7. Method for supplying and discharging of liquid load (3) to a system for use interiorly in
a storage tank (2) according to anyone of the preceding claims 1 - 6 comprising the
following steps:

- supplying and discharging of liquid load (3) to the flexible liquid holder (1) such
that the volume of the liquid holder (1) changes,

- registration of the volume change of the liquid holder (1),

- supplying and discharging inflating gas (13) into the inflatable element (11), such
that the volume change in the liquid holder (1) is compensated.



