Field of the invention The present invention relates to the |eak testing of
a nulti-nmenbrane tank. In particular, the present 5 invention relates to a
nmet hod that can be used for |eak testing the secondary nenbrane of a

mul ti-menbrane tank without the-need to renove the primary nmenbrane. Prior
art 10 Milti-nmenbrane tanks are used industrially in various fields, to
contain gaseQusd birquhd 9hvegkkdnmaterial of various kinds. This type of
tank conprises a bearing structure which prOV|des mechani cal rigidity, a
primary 15 menbrane intended to be in contact with the product contained in

t he tank, am‘deaﬁ%@@@l@ah}mﬁm{ﬁﬂc&ﬂer@li’@é@eﬂo behweeratkhe:g¥d iRy Yo fregbr ane
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non- conpllaWééhWPFhﬁbﬁ ﬂ@ﬁdvtﬁgrﬁmévﬁrtﬁ@r?rwmﬁ§Yam@mbgan@t an easy task
and i s sonewhat inprecise: 30 For exanple, in.docunents FR 2 517 802 and WO
2007/ 144458, a non-conpliance is- detected by anal ysing the conpositi-on of a
gas. In ordEE_Eﬁ_ESEate a nonconpliance, it is necessary to provide a

nultitude of pi pes tapping off gas for analysis at various points. 35 This
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fields, to contaln gaseous, liquid or solid material of

various kinds. This type of tank comprises a bearing
structure which provides mechanical rigidi'ty, a primary
15 . membrane intended to be in contact-with the product
 .contained in the tank, and a secondary membrane
arranged between the primary membrane and the bearing
structure. The ‘secondary membrane is intended to
contain the product in the event of a leak in the

20 primary membrane,

There are various methods in existence for diagnosing
the tightness of the secondary membrane. If, during
testing, the secondary membrane proves to be non-

25 compliant, then this membrane has to be repaired. Now,
locating any non-compliance without removing the
primary membrane is not an easy task and is somewhat
imprecise.

30 For example, 1in documents FR 2 517 802 and WO
2007/144458, '‘a non-compliance is detected by analysing
the composition of a gas. In order to locate a non-
compliance, it is necessary to provide a multitude of
pipes tapping off gas fof analysis at wvarious points.

35 This therefore entalls a structure that is complex and

expensive and the precision of which is limited.

FR 2 531 516 describes a method for detecting leaks in -
the secondary membrane of a ligquefied-gas tank, in



One problemthat the present 'invention intends to address i.s that of
providing a test nethod which does not have at |east sone of the

af orenenti oned di sadvantages of the prior art. In particular, one 15 object
of the invention is to allow a non-conrpki ance of the secondary nenbrane to
be located w thout the need to renove the primary nenbrane or the bearing
structure. Anothe bj e L of he |nve lon is to Iom/a n oppl i.ance of
t he secondar?/1 mg‘nbrct%ne 6 b€ ftzé“a} océ’te oqu]idneg “éhls ruc‘—t“ﬁ? Oﬂjacg )Frgegl npl e,
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optical Tanebdelerd HRETIDU AP &40l MWOEK ghet BE VWY daQW d1Hal aéflrgs used
in this net quld Surrma of the invention 10 The sol ution proposed by one

enbodi ment &SESEHEIEAY nt NPEX a dfret s B?rﬁ’eé?wt SSTTRRY A Witk u?ﬁ@ said 25
tank conpri shnghd sbeathog . structure a primary nmenbrane intended to be in
contact with a product contained in the tank, and a secondary nenbrane
?arranged bet ween the primary nenbrane and the bearing structure, in whi ch
the space béumenmyt o phiemanyengninane and the 30 secondary nenbrane i s
known agythe primary space and the space between the secondary menbr ane and
t he

One problem that the present invention intends to
address is that of providing a test method which does

not have at least some of the aforementioned
disadvantages 'of the prior art. In particular, one

15 object of-the invention is to allow a non—compliance-of.
. the secondary membrane to be located without the need

to remove the primary membrane or  the bearing
structure. Another object of the Invention is to allow

a non-compliance of the secondary membrane to be

20 located using a structure that is simple, and notably

without the need for numerous pipes.

The solution proposed by one embodiment of the
invention is a method of leak testing a tank, the said

25 tank comprising a bearing structure, a primary membrane
intended to be in contact with a product contained in
the tank, and a secondary membrane arranged between the
primary membrane and the bearing structure, in which
the space between the primary membrane and the

30 secondary membrane is khown as the primary space and
the space between the secondary membrane and the
bearing structure 1s known as the secondary space, the
primary space containing a first gas that 1is
incondensable or that has a condensing temperature

35 lower than the mean temperature of the primary
membrane. This method comprises the steps consisting
in:



bearing structure is known as the secondary space, the primary space
containing a first gas that is incondensable or that has a condensing
tenperature 35 |l ower than the nean tenperature of the primary nenbrane.
This method conprises the steps consisting -3- injecting into the
secondary space a second gas that has a condensing tenperature higher than

th t t . of th | ti in th d
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space, and st ect i nprampshiog spemperathate mhglhelre ahanhe thei masgnmenbr ane
t hat corres [ (S E&g& gas, that has condensed upon
contact with t %é%rtﬁlrr%re&%net&}oe? rﬁal%féﬁ y Virtue of these features, in the
event of noncoRPReBEREEGT 1R hehseE6RALRNe HRSMate @ tPReSTCONdthat dscapes
i nto thesprifBlyed A @rééfféafescd M tC O aGfe WrlihadRe dJBr Y fiprbr ane, in

the vicinity of_the |l eak. 15 Because it has a condensi ng_tenperature higher
than the medn tEHS&TEES e28Y t ReCprFRAF §S henbidhe MY s&on®gasheondenses
and, -in so datitghryt rassbesatcendiady tori8epdHvd Mol dedeposdir aspordieng to
~its latent heat of chan of state tg the_ primary nepbrane., A hot spot is
120 theref or & GENEt aP88 ot he "I nely %%@aﬁQO%FQEF?HE H S h&Sspot -

i nsi de the tanknaty owsnkireeienon- conpl i ance of the secondary nenbrane to be
|'ocat edq yAdvant ageously, detection is carried out during a 25 detection
peri od V\Pli ch i's substantially sinmultaneous with the generation of raised
pressure in Bhe atoisdapy spees dredtunati.at any Bheeretents gehemnatri-on, but
before the teiReraiiies petiwrensthenMaki,oUsemagse of chhe JEmyanghave

conpl etely evened out. 30 . )
: escapes 1nto the primary space and comes into contact

 with_theuprimary membrane, in the vicinity of the leak.
15 . Because it has a‘condensing'température highér than the
mean temperature'of the ;mimary.membrane; the second
gas.coﬁdehsés and, in.sé doing, transfers energy in the
form of heat, corresponding to its latent heat of
change of state, to the primary membrane. A hot spot is
20 therefore generated on the primary membrane. Detecting
this hot spot inside the tank allows the non-compliance

of the secondary membrane tco be located.

Advantageously, detection ig carried out during a

25 detection period which is substantially simultaneous
with the generation of raised pressure in the secondary
space, or immediately after this generation, but before
the temperatures between the various zones of the
membrane have completely evened out.

30
The second gas can be chosen so that it condenses into
a solid or liguid form. The formation of a liguid phase
does, however, have the advantage of allowing the
deposited <c¢ondensed gas to run gradually as this

35 deposit 1is formed opposite the leak. Thus, the
condensation reaction can be sustained more easily by
maintaining the pressure in the secondary space for a

significant length of time, for example one or more



~The:.second gas can be chosen so that it condenses into a solid or liquid
form The formation of a |liquid phase does, however, have the advant age of
al l owi ng the deposited condensed gas to run gradually as this 35 deposit is
formed opposite the | eak. Thus, the candensation reaction can be sustai ned
nore easily by maintaining the pressure in the secondary space for a

significant l.ength of time, for npl e one or npre . mnutes. The
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enbodi nment e ralse préssure-i

duration | om:@evrtntdudmrﬂﬂr nibet 6. ekifkdrt sprldfdrtedt esorttrasatet hod i nvol ves
cooling the primary nenbrane to a nmean tenperature |ower than anbient
tenperature. This allows good control over the condensation conditions. 15
- I'n one advafiCEREEHN% Rsb it rRnbadaneRt holehe stpbs¢érredsaura henbhane nean

tenperature st@cghﬁiaztyh%acﬁ.ﬁ i Praferantag hghes @iﬁ'@ﬁt@&l ThHgert ReapEt hod

can be carrl% out under practical conditions with little in the way of
CrestrictiondafiWMESF a 1inited expenditure 20 of energy. Advantageously,
the second gas is a mxture, the nmethod involving generating the mxture

mﬁﬁh a f@”p%%fiﬁgéferende, the method involves cooling the primary
membrane to a mean temperature lowet than ambient
temperature. This allows good control over the
condensation conditions.

15 In one‘advantageous embbdiment, the'method'ié performed-
at a membrane mean temperature higher than —5°C;
preferably higher than 0°C. Thus, the method can be
carried out under practical conditions with little in
the way of restrictions and with a limited expenditure

20 of energy.

Advantageocusly, the second gas is a mixture, the method
involving generating the mixture with a composition
that depends on the mean temperature of the primary
25 membrane. That means that the condensing temperature
can be adapted to suit, for example, the ambient
temperature or the mean temperature of the primary
membrane. For preference, the condensing temperature of
the second gas obtained in this way lies between the
30 mean temperature and ambient temperature.

According to one embodiment, the second gas 1is a
mixture of pentane and/or perfluoropentane and
nitrogen. These gases are particularly suitable for a

35 test in which, to start off with, the secondary space
is at ambient temperature and in which the objective is
to obtain a liquid phase upon contact with the primary
membrane.



t hat depends on the nmean tenperature of the primary 25 nenbrane. That neans
that the condensing tenperature can be adapted to suit, for exanple, the
anbi ent tenperature or the nean tenperature of the primary nmenbrane. For
preference, the condensing tenperature gf -the second gas obtained in this
way |ies between the 30 nean tenperature and anbient tenperature. According
to one enbodi nent, the second gas is a m xture of pentane and/or

perfl uoropentane and nitrogen. These gases are particularly suitable for a
35 test in Whrchpraferstrard, obhywlidt, s$pet sercontaty msigdce be atn attheent
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contact wt rimary me ence, any ho spot( )
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tenper atdir e 33@@30brandh9k aknleeast pRRed Rangdd 1@1@1@@ Qhe thhk .(these)
bei ng arranged i nsi de the tank. According to one enbodinent, the ‘surface of

the primary nmenbrane inside the tank is tenporarily covered with a coating
capabl e of aubstra@ihigaldoy celd ramsdingrithe ke r@ﬂifﬁéé ker rehéegtimbty of the

surface, and blg}e hot .spat dete ted uysin er nal ra, For
exanpl o, NETHSERRG TRy Rontaf ne Bt el S GPRBFEr 1Y Covered with

coating capable of substant;ally eliminating the

10 mirrorlike reflectivity of the surface, and the hot

spots are detected using a thermal camera. For example,

the coating may contaln water droplets.

Advantageously, - the method comprlses the steps
15-7con81st1ng in remov1ng the first gas from the primary

gpace and the sgecond gas from the secondary space, and

heating the primary membrane up to ambient temperature.

'This allows the tank to be repaired or, if no non-

compliance has Dbeen detected, brought into service,
20 after the test.

The invention also proposes a tank comprising a bearing
structure, a primary membrane intended to be in contact
with a product contained in the tank, and a secondary

25 membrane arranged between the primary membrane and the
bearing structure, in which the space between the
primary membrane and the Secondary membrane 1is known as
the primary space and the space between the secondary
membrane and the bearing structure is known as the

30 secondary space, characterized in that it comprises:
- a first injector able to 1nject into the primary
space a first gas that 1s incondensable or that has a
condensing temperature lower than the mean temperature
of the primary membrane,

35 - a second injector able to inject into the secondary
space a second gas that has a condensing temperature
higher than the mean temperature of the primary

membrane,



Advant ageousl y, the net hod conprises the steps 15 consisting in renoving the
first gas fromthe primary space and the second gas fromthe secondary
space, and heating the primry menbrane up to anbient tenperature. This
allows the tank to be repaired or, if-ng ronconpliance has been detected,
brought into service, 20 after the test. The invention also proposes a tank
conprising a bearing struct.ure, rimary memrane intended to be in
contact with aaprg ugfugé%ﬁgﬁhegaq%Qﬁua%%%ﬁgﬂ%ﬁui%F%%%%ﬁ%ar§n25tﬂﬁnbrane
arranged betweendehy priaver \& nendsamee ahathe sbeariisegl stitict uvespeth whi ch

t he space bepween.theg Eggnﬁgxmgggbggg%eangn he secondary nenbrane i s known
as the prinmary space and the space betwéen the secondary menbrane and the
beari ng strocBurdetiesign b Ehedsbestcondampts gt (harkat epigbd i n t hat
it conprd sege pnathkl pt-ikAFECHRMHRARLR t0 inject into the primary space a
first gas that is incondensable or that has a condensing tenperature |ower
than the nean tenperature of the primary nenbrane, 35 - a second injector
able to inj E‘ﬁfﬁ_sihrtta@ﬂi hies Sﬁ@:ommg saac&n@l&ﬁ@@;tdn%aaﬂéﬁa&e@mm%ﬁ@adensi ng
t emper at ur e _hi . than the-nmean .te rature of,_the primary nenbrane, a
pressuri zi n§ < 5ﬁégga%PeOP8 g gpéﬁggﬁn°§h§%§eégﬁﬁﬁfﬁo§pace'a pressure that
is raised with respect to that in the prinmary space, and a detector able
to deteg aaxcb,qh-ﬁgOFéé)oﬁQagmgbaﬁ enePe G t%fid&rgg%éd"?gg ang. jThis
tank is suitable 10 i npl enenting the test nethod according To onhe

enmbodi nent BEXHES) nidR | HHLd 19ePeedr dnigcterobeimadilento cheateid
second gas khed JHi WiBtdNe woEH 8eeRRphJINI8 ko iRAl Ntk a@éeeiﬁiﬁégat e the
said mxture with_a cogBOS|t|on that is determ ned as a function of the

nean tenper 3furd SFRERECPr (Har YReM5Pan et SMBEIRESF R R tidnBT ERBEYI nent
the sai d primgabyagpace and the said secondary space contain a thernally
insulap{ g material, with the said tank being able to contain |iquefied
nat ur al %as. The tank may, for exanple, be a

According to one embodiment, the said primary space and

the said secondary space contain a thermally insulating
material, with the said tank being able to contain
liguefied natural gas. The tank may, for example, be a

20 land-based tank or a storage tank incorporated into a
ship. )

Brief description of the drawings

25 The invention will be better understood, and other
objects, details, features and advantages thereof will
become more clearly apparent, during the course of the
following description of one particular embodiment of
the invention, which is given solely by way of

30 nonlimiting illustration and with reference to the
attached drawings. In these drawings:

- Figure 1 is a diagram illustrating the principle
of forced condensation,
- Figure 2 1s a graph illustrating the condensing

35 temperature of a gas as a functiom of its

concentration in a gaseous mixture,
- Figure 3 is a view in cross section of one wall of
a tank, the tightness of which is being tested,



20 | and- based tank or a storage tank incorporated into a ship. Brief

description of the drawi ngs 25 The invention will be better understood, and
other objects, details, features and advantages thereof wi |l beconme nore
clearly apparent, during the course of- tthe foll owi ng description of one

particul ar enbodi nent of the invention,
nonlimting illuﬁtration and wi_th_reference.to the %{tachﬁd rawi.ngs. In
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Figure 1 depiéts a wall 1, the mean temperature of
which is Tm. A gas at the pressure P is brought into
contact with the wall 1, as depicted by the arrow 2. If
the condensing temperature Tc of the gas is higher than
the temperature Tm, the gas® will condense in the form

of a liquid or solid deposit 3. In so doing, the gas

‘transfers énergy in the form of heat, corresponding to

its latent heat of condensation, to the wall 1. This
heat transfer is represented by the arrows 4. Thus,
locally, the wall 1 has a temperature T higher than Tm,.
Condensation is said to be forced condensation when the
temperature Tm, the pressure P and the nature of the
gas are controlled.

The gas may be:

- A pure gas, the intrinsic physical properties
of which correspond to the desired condensing
temperature.

- A mixture of an incondensable gas and of a
condensable gas, the concentrations of which
are controlled in order to adapt the condensing
temperature. Specifically, as the graph of
Figure 2 -~shows, &a pure gas which has a
condensing temperature Tp will, once diluted to
the concentration X% in an incondensable gas,
have a condensing temperature Tc lower than Tp.

- A mixture of several condensable gases which,
once combined, have a desired condensing
temperature TcC.



10 which is Tm A gas at the pressure P is brought into contact with the
wall 1, as depicted by the arrow 2. |If the condensing tenperature Tc of the
gas is higher than the tenperature . Tm the gas will condense in the form of
a liquid or solid deposit 3. In so doing, -the gas 15 transfers energy in
the formof heat, corresponding to its |atent heat of condensation, to the
wal | 1. Thi% heat transf resent ed- by the.arr 4. Thus, .locally,

the wail 1 RES X'¥hnber SAGEE T GRETTERRRCTR COMRSRaEPBICTSabAPE to be
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intrinsic physical properties correspon sire
condensi ng FeFsEERCs ¢© FAgWresupe tef San i ncondensabl e gas and of a
condensabl e gas, the concentrations of which are controlled in order to
adapt the condensing 30 tenperature. Specifically, as_the graph of Figure
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tenperature,T r than Tp. 35- A mxture of several condensahl e gases
mhich,'oncelggﬁﬂgﬁgﬁthgV%JﬁlﬁﬁﬁqﬁﬁFc%ﬁl nEFﬁgpFQﬁﬁﬁFaFﬁPEa#ﬁgg A03 . The
way .in whiclithehegmk rici pel  dareethopndenisatneon’ abl-omsgad| pekwkenbe
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5, and a secondary nenbrane 7, arranged between 10 the primary nenbrane 8
and the beafPfg R*cRt Hete. LT SFaWeerhathe | 6£CpBLREdn NI HR ATy

menbrane 8 amd ttes speanthagy sketbtare % i ssknewinasd hendr kerbnaspace 10
The spﬁﬁg t hat Ii§§ bet ween the secondary nenbrane 7 and the bearing :
struct 6 P&%novin as t he secondary

The creation of the tank 5 will not be described in
detail because there are several options known to those
skilled in the art. The tank may, for example, be an
20 LNG tank produced using a known technique. If it is,
thermally insulating material is present in the primary

space 10 and in the secondary space 9.

" The tank 5 also comprises an injector 11 connected to
25 the primary space 10 by a pipe 12, an injector 13
connected to the secondary space 14 by a pipe 14, a
cooling device 15 connected to the inside of the tank 5
by a pipe 16, and pipes 17 respectively connecting the
inside of the tank, the primary space 10 and the
30 secondary space 9 to an exhaust and pressure management
device. The aforementioned components allow a leak 18
in the secondary membrane 7 to be detected and located

as described hereinbelow.

35 The leak testing method according to one embodiment of
the invention entails successively conditioning the
tank for testing, actual testing, then deconditioning

- the tank.



15 space 9. The creation of the tank 5 will not be described in detai
because there are several options known to those skilled in the art. The
‘tank may, for exanple, be an 20 LNG tank produced using a known technique.
If it is, thermally insulating material gis present in the prinmary space 10
and in the secondary space 9. The tank 5 al so conprises an injector 11
connected to 25 the primary space 10 by a pipe 12, an injector 13 connected
to the secondary space 14 by a pipe 14, a cooling device 15 connected to

t he i nsi de GbnthéivankgSbthy &apkpéotbreandngi pasolvesespecti vel y connecting
the inside of the t ri S t 3 econdary_space 9
to an exhaust and pggég&%ggﬁgnaggﬁ%ntE%éﬁ?%%Fgﬁge g?org%%%tﬂ%ﬁgggggnponents
al l ow a | eakemBriapet hin s@gsivtar Fomepdhieee 7 & odes idetectempangt hveat ed as
describef heneknhghowe 35 ThSrhé@kut okl @giﬁiﬁtt@f&ca&cﬁ%rld'cw&ééﬂsfank Cor
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testing, acP¥allRiREFHYY thehlGEéOndi?9bfithg I t BRR. tanky 5.CoR@rti oni ng

the tank fﬁgxtaﬁﬁubog 'dl'féloid/@ﬁin% devicBSQEJ eltﬂjreq:ttsheli@mrﬁwfﬁgeﬁ theb |
primary nmenbrane in order .to achieye esir temperature. 5 This may be
per f or med u%flﬁa It EBht rdt diéieéil%ym E‘?Eleﬂfj ectﬁprfg & $§Ryi th‘Sol ant
into the tankmberBturexanptf e, thhe gouinaiy demembrabei njiect suhifaira.ni trogen

| nto t e, tapkyayeldeallopadll el 4 g SaR thg Lelperalule. of the,primary
menbrane i s uniform wever,” because of Varfious t ernar - streSses, the
pri mary nenbraméryay Memerans| imgy | yhave- us f ol alepiser atoneunihozp

her ei'nbel owe cfBRLLEN LS MalR Ofndhe: BaI L EMRehat Uhe 1 Emefad her PEiaary

menbrane. Injecting a neutral gas into the primary space 15 10. at is
neant i by alfelit FeMP§astiEeaTHastt kRE BséTamyt "EIREENSe at the tenperature

Tm ei ther because i tinj&c@Angneonsensadl eqgas et obagrlserihsr¢ 0sgansi ng
t enper at relhs!ﬁﬁgg Ihgg Th% £hi%(ﬁghé¥gfongsu§gn%tﬂgéi{ﬂg@tgr 11 or, in
t he case of ~dnbi a¥ eyt oY g g oes
not condense at the temperature Tm either because it is
an incondensable gas or because its condensing
temperature 1s lower than Tm. This can be done using
the injector 1l or, in the case of ambient air, by
20 placing the primary space 1in communication with the
atmosphere.

- Injecting a reactive gas into the. secondary
space 9. What is meant by a reactive gas is a gas that
condenses at a temperature higher than Tm. As explained

25 hereinabove, this may be a pure gas or a mixture. Thisg

can be done using the injector 13.

The three steps mentioned hereinabove can be performed

simultaneously or consecutively, in any order.

30
The test itself involves increasing the pressure of the
reactive gas in the secondary space 9 and detecting any
hot spots that might be on the primary membrane 8,
advantageously from inside the tank,.

35

Specifically, as shown in greater detail in Figure 3,
if the secondary membrane 7 has a leak 18, reactive gas
‘escapes into the primary space 10 because of the



20 placing the primary space in comuni cation with the atnosphere.
Injecting a reactive gas into the secondary space 9. Wiat is neant by a
reactive gas is a gas that condenses at a tenperature higher than Tm As
expl ai ned 25 hereinabove, this may be apuwe gas or a mxture. This can be
done using the injector 13. The three steps nentioned herei nabove can be
per f or med S|nultaneo con;gcutlvel in an rder. The gest i,tsel f

i nvol ves i nBF &8 ﬁﬁr SFEHE %&%ﬂ%%&a ¥ n°PRESsecomdry space
9 and detecthag;mmmdnﬁ Hpt S ﬂﬁatTMu@huibespr®héz©dibgryjnenhlaué 8,
advant ageoughy o] n wt tank. Specifically, as shown in greater
detail in F?EUPEBBQthQ% g sggondary menbrane 7 has a | eak 18, reactive gas
escapes into the primary space 10 because of the - 10 - pressure

difference bahweend hensegapgany spﬁg&&@@dgageceﬁlega@h@ %&:Jh' s is
synbol i zed by he cl oud 19 and the arrow 20. Thus, at the

reactive ga¥té né?qlﬂ?}mﬁﬁﬁzﬂﬁmwiﬁ$ﬁtﬁeaﬁﬁiﬁﬁﬁ@%ﬂﬁﬂﬁ@ﬁﬂ§QF%ﬁH
condensati omn2ko Iviser,deisGugs iewl atémm@mabav@,réi@tixe@cgage gas

transfers h the pripary nenbrane .8 which is therefore lo all hott er
Lhan the t oRbBPSEEFS THESBy 50 dattodidaly o RIP=egs 3o WhtCha beseibl o
to | ocate thberedkbrts. 1d&&ﬂ1uﬂib9p¢€r221may m&edetenpemht@WeexmnplByu5|ng a.
t d t.s

cTper ALUT ecRRRSAt o i 2 AERSEpAal doects, (geembiLedd Msed | L o

radi ation, arrang Decondi tYonr ng the X an
i nvol ves: Rbﬁov'ﬁgktrﬁﬁgaé@yifh@#ltﬁEOErlﬁﬁryMBpab@ ldet¢ht§dcaﬁ0be done

not ably by @%&aﬁgl@n%s%gt@ @éﬂ%@ré—gmr@ geﬁgoPVOEV?g?uaé'é&gﬁstﬁgece then

20 filling it necessary, sweeping it wt as It is_ Intended

to contain WRERSES §@ﬁVQﬂ§ttQQﬂﬁﬂﬁqﬁf%qm¥4@%&ﬁ¥@%rg%5r¢¢%%@th%séééondary

space 9. Thicheca&an&l.so be done notably by using 25 one of the pipes 17,

ei t her evacuating this space, then filling it if necessary, or by

smeepiﬁgyit with the gas it is intended to contain when in service.
Deconditioning the tank for testing involves:

- Removing the gases from the primary space 10.
This can be done notably by using one of the
pipes 17, either by evacuating this space, then
20 filling it if necessary, or by sweeping it with
the gas it 4is intended to contain when iIin
service.
- Removing the reactive gas from the secondary
space 9. This can also be done notably by using
25 one of the pipes 17, either by evacuating this
space, then filling it 1if necessary, or by
sweeping it with the gas it is intended to
contain when in service.
- Raising the temperature of the primary
30 membrane. This can be done either using climate
control devices or by convection of air at

ambient temperature.

The aforementioned three steps can be performed

35 simultaneously or consecutively, in any order.

In one exemplary embodiment, the neutral gas 1is

nitrogen and the reactive gas is a mixture of 50% by



Rai sing the tenperature of the prinmary 30 nenbrane. This can be done either
using climate control devices or by convection of air at anbient

t enper at ur e. The aforenentioned three steps can be perfornmed 35

si mul t aneously or consecutively, in anyiprder. volune of nitrogen and 50%
by vol une of pentane. The pentane is liquid at atnospheric pressure and

anbient tenperature._lts_vaporizatjo epperature is_36C._In the

af or enent i g%é)&ume)d%‘? efllf:ffgggf}n(?é’ﬁisi ﬁ%%tgﬁpe‘f Yre 8LaPSHiaHe i t TRBndenses
to a |iqui dpemdseadriopsliqualiowtt 18Cnodhieet aak prekanreestridigaisi ehiar
exanple, a ];%%%:;&Qk ] rri ] mak ane_8 of
whi ch 10 is%tng[?rft e anbl'eg_%t%le%%é?gggﬁgﬁgﬁ g@ﬁé}%eﬂfné;?%é %‘e gflorage
tank is coolté¢ seferementiecond naiytweabr dte hemndenmiary t bappesstneeTm of
10C. Because tofyihal mal EHSEEALEONE ot B 1L SRRSN JHYL '&51§gaet§<§cggea&y space

9 is higher than 20C. The nitrogen/pentane m xture can erefore be
i njected i nt§ “the secondary space 9 without the risk of it condensing.

Next, a raised pressure of a fewmnllibar is generated. The :

ni trogen/ pentane m.xture enters.the.primary space 10 at the |eak 18 and
condenses u&%‘t‘? gtcﬁﬂ]%c# gﬁ”fhE?ﬁElﬁgi ﬁgry%(fyr?é%ﬂ@r‘?e & Yerereti hgh& hot
spot. Furt hernoa emethendegeeeiiemn,t hdhani prgeny capmbeanendenst nghtiepper at ur e
25 anbi ent tenperature is,:4.85 p j card y, t gnpe ure Tm and .t he
it edt Ut o by ep The PR [ PR o a8 b Ghder 1 SHaBE the of

t he pent ane tiFhggonage Hemboriexomled S5CGhat 103 privaryt membzstieby

adapt i ng th@la@,egaeﬁea{a %'&rralﬂ%r%e@n?nnt?fiiw%q E%hc% als aduaphageously,

the injector, 13 is able to create a mxture with the_desired proportions.
For exanpl e *PE3LISHIWR by-118 Gi@PF2GUe i1} deltorsasordapy i seaca Pedérvoir 23
i ntended torge/Mea n chiae caorcer gas (Ahtkogen/benthaecafl Ak arpRbi ongd
exanpl e% 35t nd reservoir, 24 intended to contain, |(g l'iquid forn]9 t he
condenshBl e gjffe(%ﬁgﬁt amE | RS EDr e i oreT eXENPRLFTY ThERECPwo
reservoirs arelconnetched, risk of it condensing. Next, a raised

pressure of a few millibar is generated. The

nitrogen/pentane mixture enters the primary space 10 at

the leak 18 and condenses upon contact with the primary

20 membrane 8, generating a hot spot.

Furthermore, the degree to which the pentane is diluted
in the nitrogen can be modified in order to adapt the
condensing temperature of the pentane. Thus, if the

25 ambient temperature is, for example, 35°C or 10°C, it
is possible to carry out the test by adapting the
temperature Tm and the degree to which the pentane is
diluted., |

30 To do that, advantageously, the injector 13 is able to
create a mixture with the desired proportions. For
example, as shown by Figure 5, the injector 13
comprises a reservoir 23 intended to contain the
carrier gas (nitrogen in the aforementioned example)

35 and a reservoir 24 intended £o contain, in liquid form,
the condensable gas (pentane in the aforementioned
example) . These two reservoirs are connected,
respectively by a pipe 25 and by a pipe 26, to an



- 12 - evaporator 30 in which the m xture is created. The evaporator 30 is
connected to the secondary space 9 by the piping 14. A control device 29
provi des control over the degree to which the pentane is diluted by 5
acting on the evaporator 30 and on two f2ow neters 27 and 28 arranged on
the pipes 25 and 26 respectively. Many other gases may be chosen, according

to the desiredcand ' ] : I 1Q fl b
uSed at | oaSUFRIBEPE [ R0 ol Bee (6T Tne  Bent AECTHE t RS aFGPERERLT oRBE exanpl o
and proves satporbtoausd afs | cenhantéd atmabhki ycondamye sgraacdi Srebyy | n

whi ch th . . : S . : i ch
~wnich the p“ch@rgflsﬂia:ggr%‘% 'dgt chqtrf’ctl::]c:e‘rl PQaltLye é?{‘@%@&w% a@&'mEPoW“! ch an

|
I nfrared canera dto he hot” spots, I's "advantageous in the
tank condi t PFRrngthtastedrsme t 6obavitelr edhd t henagre shvibepitAgtieds burf ace

with a 29 te-kQny andi ffaskogpbayebrt B9 4die bRstds @ dhendmiby ane
dropl ets, for exanple by i ,
and 28 arranged on the pipes 25 and 26 respectively.

Many other gases may Dbe chogsen, according to the
degired  condensing temperatures. For example,

10 perfluoropentane may be used at least in part in place
of the pentane in the aforementioned example and proves
safer because of its low flammability.

In one embodiment in which the primary membrane is at a
15 positive temperature and in which an infrared camera is
used to detect  the hot spots, it is advantageous in the
tank conditioning-phase for the inside of the membrane
to be coated with water droplets, for example by
sweeping its surface with a stream of wvapour, in order
20 to form a diffusing layer which considerably reduces
the mirrorlike reflectivity of the surface. Such a
diffusing or opacifying coating can improve the
measurement of local emisgivity of the surface of the
membrane using an infrared camera.
25
Although the invention hag been described in
conjunction with one particular embodiment, it 1s quite
clear that it is not in any way restricted thereto and
that it encompasses all technical equivalents of the
30 means described and combinations thereof where these

fall within the scope of the invention.



stream of vapour, in order which considerably reduces of the surface. Such
~a diffusing or opacifying coating can inprove the neasurenent of | ocal

em ssivity of the surface of the menbrane using an infrared canmera. 25

Al t hough the invention has been descrd lie&d 4 n conjunction with one
particul ar enbodinent, it is quite clear that it is not in any way
restricted thereto and that it encom?ﬁifﬁ§ all technical equivalents of the
30 nmeans descri bed and conbi nations ereof where these fall within the
scope of the invention. - 13 - CLAIMS 1. Method of leak testing a tank

(). the said tank ARRPIJSI NG.R DEBELAY §LIUGHUT 5 (6) cn@ RILERI oI ane 5
(8) intended to be in contact, with a product contained in the tank, and a
secondary nERBPHAEINY) GarRemigety beivieer ¥ he (P i mavy PHEFETA TSR R R e

bear i gg st wrerg U@t enicdhiteh E@e:%%pééﬁtéét\/\%%ht he 10&)&{!;&3/ é@f’ﬂ@éd thﬁ@@dand t he

secondary menbrane is known as the prinary spac an e space

bet ween thelgecg}ﬁﬂar‘iﬁrh%nblaﬁﬁe %no‘*?q%’l%i H@"&r ur(g)i SLEWATas t he

secondary spatweef) theherftizryr hweipace et Giiidi thdbeafingtsgascting, i s

incondensablie %{hﬁt tﬁaﬁthhas a conole nseien Sermerat ure | ower thanmih nmean

t enper at ur e~8f "PRE IRy S Rstaie, “he sjﬁ?%yné?%@%%rb%p?’i i 3%t he

steps consi secpgdemy nenlectiagis nkoowhe asecondapy ispaye spasecohtlgas t hat

has a caideasing 1 enBeLatU i hidhe! chDanddmdiran hefBeeal uadof chle _

primary menbrane, 20 - generating in the secondary space a pressure that is
rai sed wt hPragpast stteudvatrs nis HeEngwn nafy tigacec ry space (9},

the primary space containing a first gas that is

'incondensable or that has a condensing temperature
lower than the mean temperature of the primary
15 membrane, the sald method comprising the steps
-congisting in: '
- injecting into the secondary space a second gas that
has a condensing temperature hicgher than the mean
temperature of the primary membrane,
20 - generating in the secondary space a pressure that is
raised with respect to that in the primary space, and
- detecting any hot spot(s) (22) that might be on the
primary membrane that correspond to a depcsit of the
second gas that has condensed upon contact with the

25 primary membrane.

2. Method of leak testing according to Claim 1,
characterized in that the second gas condenses into a
liquid form upon contact with the primary membrane.
30 |
3. Method of leak testing according to Claim 1 or 2,
characterized in that detection is carried out during a
detection period which is 'substantially simultaneous
with the generation of raised pressure in the secondary
35 space.



detecting any hot spot(s) (22) that m ght be on the primary nmenbrane that
correspond to a deposit of the second gas that has condensed upon contact
with the 25 primary nenbrane. 2. method of |eak testing according to Claim
1, characterized in that the second gasi£ondenses into a |iquid form upon
contact with the primary nenbrane. 30 3. Method of |eak testing according

to daim1l gr 2, racteri inthat detectiqn is carried out during a
det ecti on pgfiodm%ﬁﬁgﬁ'f%éséggkaﬁf?ajf§ys?ﬁﬁPf ne uéxﬂﬁﬁhafﬂe%benéPation of
rai sed preswbiehi nthde redsmidapyessSuspacey theldsecanddthodpeicd eak testing

according ! guchalified rob Whisahathen abage, Presauis inbigssecondary space

is sustained tor a duration |onger than 10 m nutes. thod of testing
according to Caim1, involving cooling the primary nmenbrane to a nean

t enper atsir esl ovelehal Wi €58+ 1eAPEEAbHEEng tob.cIMathod, of nl 68k ihgsting
according to C.aim5, in 10, which t%ﬁ?nean tenperature of the primary
menbrane i sRPGREF t RRR -BELNRFET RABPRAIR gt PhaliSBR. COTPRERRBESOf

t esti ng accaodietg thanoaebdkent aiemperagndet, in which the second gas is a

m xture, the nethod 15 involving generating the m xture with a conposition
t hat depends on the nean tenperature of the primary nenbrane, so that the
condensi ng tenpelatiod off t heakecorrligas biesrléngeerp t Béamparb t edper at ure

and anbj @nt HEWRCTHAI foad0 e BpcBiliod e LEALT RE1AECO Ui one Of the
preceding clains, 1In Ich the"second gas is a mxture of pentane and/ or
per f | uor opeREgheTakBami roGfenpreferably higher than 0°C.

7. Method of testing according to one of Claims 5 and
6, in which the second gas is a mixture, the method
15 involving generating the mixture with a composition
that depends on the mean temperature of the primary
membrane, so that the condensing temperature of the
second gas lies Dbetween the mean temperature and
ambient temperature.
20
8. Method of testing according to one of the
preceding claims, in which the second gas is a mixture

of pentane and/or perfluoropentane and nitrogen.

25 9. Method of testing according to one of the
preceding claims, in which any hot spot(s) that might
be on the primary membrane are detected using at least
one temperature senscer and/or at least one infrared
detector, this (these) being arranged inside the tank.

30
10. Method of leak testing according to one of Claims
1 to 9, in which the surface of the primary membrane
inside the tank is temporarily covered with a coating
capable of substantially eliminating the mirrorlike

35 reflectivity of the surface, and the hot spots are

detected using a thermal camera.



.25 9. Method of testing according to one of the preceding clains, in which
any hot spot(s) that m ght be on the prinmary nenbrane are detected using at
| east one tenperature sensor and/or at |east one infrared detector, this
(these) being arranged inside the tank.180-10. Method of |eak testing
according to one of Clains 1 to 9, in which the surface of the primary

menbr ane in |de nk 's t enporari.ly covere oat | capabl e of
substantlalﬁy elh%%%gg’ t%%gﬁigngl e BT %%%t?QlF@ of"* the suff ace,
and the hotwtp@hstaeecdeteugedonSBngsawahemndkopaemsa - 15 - 11. Method
of leak testing according to Caim 10, in which the coating contains water

dropl ets. 12. Method of testing according to one of the 5 preceding
cl ai ms, conpri-si Mgthré stadhs E8AELBEI ngdavrdipenoviag ehe fiakt ghe from

the prim@rngﬁ@@%@;ﬁ@dc&@@m%ecgﬁ%pgé%lﬁbo@hbh%t%%%o%@%%is%ﬁ%%ean :heating the
primary nmenbrane u tgteplent tenperature Tank (5) "conprising a

beari ng strucFﬁW@VP§P sty SRehtrente S DREHEIESPECHea A EBRt act

with a produ@bo@@ngasnedomnthbesb@@hdaa@ds@asz@qondary menbrane (7) arranged
bet ween the_priﬁa menbrane and.the 15 be%é % structure, in which the
space betweén t %a%%n%arf: mbPANEEENG t HE"REXDRdariP merr anB™PERhown as
the primarytepaesati@e.and the space between the secondary nenbrane and the
“bearing gtructure is known as the secondary space (9), characterized in
that it 20 conprises: a first injector (11) able to inject into the
primary spadé-a fliepdt ¢as tdrmpyisingomdehsabiegorsitizetuiae d6dondensi ng

t enper at ur e phawRE-t hatd e dTepd) t epRehald’ & Pfnd henPrddBl TeERNg, 25 - a
second i njector 3) able to |nject into the secondary _space a second gas

that has a &M CeRpSCatidr &1 gtk ¢ IR t heSReaRdREpEREPLRBSOf t he
primry nEﬁHﬁanearranged. between the primary membrane and the

15 Dbearing structure, in which the space between the
primary.membrane and the secondary membrane is known as
~ the primary space (10) and the space between the
secondary membrane and the bearing structure is known
as the secondary space (9), characterized in that it

20 comprises:

- a first injector (11) able to inject into  the primary
space a first gas that is incondensable or that has a
condensing temperature lower than the mean temperature
of the primary membrane,

25 - a second injector (13) able to inject into the
secondary space a second gas that has a condensing
temperature higher than the mean temperature of the
primary membrane,

- a pressurizing device able to generate in the

30 secondary space a pressure that is raised with respect
to that in the primary space, and
~ a detector able to detect any hot sSpot(s) (22} that
might be on the primary membrane that correspond to a
deposit of the second gas that has condensed upon

35 contact with the primary membrane.

14. Tank accordlng' to the preceding claim, in which

the sald second gas 1is a mixture, the said second



a pressurizing device able to generate in the 30 secondary space a pressure
‘that is raised with respect to that in the primary space, and a detector
able to detect any hot spot(s) (22) that m ght be on the primary nenbrane
that correspond to a deposit of the secogd-gas that has condensed upon 35
contact with the primary nenbrane. - 16 - injector being able to create
the said m %1 ure%tvm'rt 2 O f‘iati an érhaé[teizs getern‘i ned atrsﬁldfa function of the
mean terrperatnl?re of the pqi ry lifé)nbra%e, sb ?hﬁfalfihéﬂ% e%s‘f’h@“ a

t enper at ur e coinpiase tserondhgas s edebetrmerrds dashe anefuntcenper atfur ehand
anbient te Tank_ac i.0g: n i 13 in

ahi ch the Sardpry TRy A ahd tie Bartrricfelbrihd, Thol WA, He

thermal |y i SORCENSAGaiLIRratyfe hofhdh® sarentamiasbel yrRp abeEweencont ai n

liquefied natiyr Jef@%emperature and ambient temperature.

15. Tank according to one of Claims 13 and 14, in

which the said primary space and the said secondary

space contain a thermally insulating material, with the
10 said tank being able to contain liquefied natural gas.



