LEAK TMTI NG OF A MDLTI - MEMBRANE TANK Field of the.invention.

The present. invention relates to the |eak testing of a

mul ti-nmenbrane tank. In particular, the present invention 5
reaste.5.: to a. methbd that can be used for leak testing the
secondary. nenbrane of a nulti -nmenbr ame tank without the need to
renove the primary nmeaBRENEESPEINOroarA iMUINMI-MEMARDNIEAf@NKanks ar e

used i nduisltél@Idfy ghré lYl%rem%El 0 fields, to contain gaseous, liquid

or solid material o inds. This type of. tank conprises a
bearing structii%e %?%?Ptprém’ﬁ’é%l%cﬁaﬂaﬁ’éaﬁ fiogi e yleak pEpmiipy of a
menbr ane nuittendeshitranke ikAngont ast whthi e pr Od.ﬂféi ¢eBtahnedi hfehheon

t ank, san ndary rane anged bet ween he primar 5
menbr anedra(%idastfB gselar i %gatl § ucfcu?é %n g%céﬁ&% y fe rrg Eﬁ ‘%lesslclng the
i nt ended Steeﬁ@biﬁrad rehe rcodett ai muliie -eeehtraok aangakdlithctite prd mabyd

manbrane.to removEh@h@ aremyali QusHARLHOds in existence for di agnosing

the tightness of the secondary nenbrane. If, di....ring testing, the
20 second%éyg%%ane proves to be non -conrdiaht, then. this

menbrane has tlolde repairred, Newmks | coat i rmgeanyin@mstlcmm@j anee various
wi t haut remving t ne is; S '
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necessary; 1,0 provide g myl tl(%élrg-eaﬁ?ﬁfs J(fj ere uct QonLtgaltl of f. rgaghe

for anal ysis at various poin a| I's
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20 secondary membrane proves to be non-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.

For example, in documents FR 2 517 802 and WO

25 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
for analysis at various points. This therefore entails a
structure that is complex and expensive and the precision of

30 which is limited.

FR 2 531 516 describes a method for detecting leaks in
the secondary membrane of a liquefied-gas tank, in which ice
cubes of carbon dioxide which have solidified on the external
face of the primary membrane at -160°C are detected as cold

35 spots as the primary membrane heats back up, because of their
thermal inertia. However, it 1is difficult to get an optical
camera or a thermograph to work at the very low temperatures
used in this method.



FR2515347 describes a nethod for detecting |leaks in the secondary
menbrane a liquefied eao taft.K, wherein two expl osive gases are n
cted on either side of the secondary nmenbrane to provoke a

non- expl osi ve exotherm c reaction at niﬁgocracks of the secondary
menbrane. An infrared detector is enployed to detect the thermal spot
caused by the exotherm c reacti 6n at a arocrack of the secondary ’
nmonbr ane, To resolve an uncertainty about detected anonalies, the
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need The detection method relies on concentration measurements of a

15 tracer material.

US20060137525 relates to detection of leaks in a honeycomb
structure for a diesel engine particle £filter. Condensation
spots of a water vapour flow are optically detected.

20



remove the primary nenbrane or the bearing structure. Another object
of the invention is to allow a non-conpliance of the secondary-
menbrane to be | ocated uoirg a structure that is sinple, and notandy
wi t hout the need for. nunerous pipes. The sol ution proposed by- one
enbodi nent of the invention is a nethod of |eak. testing a tank, the
sai d 25 tankweorpriisiengubdeari ngasponcdiiorida phiohr parenscanelified
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the menbrane have conpl etely evened. out. 30

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 Dbetween the primary membrane and the
30 secondary membrane is known as the primary space and
the space between the secondary membrane and the
bearing structure is known as the secondary space, the
primary  space containing a first gas that is
incondensable or that has a condensing temperature
35 lower than the mean temperature of the primary
membrane. This method comprises the steps consisting

in:



Thusecond gas can be chosen so that it. condenses into a. solid. or
liquid form formation of a liquid phase does, however. have the
advant age of allow ng the deposited con_dejns_ed gas to run gradually as
this 35 deposit is formed opposite the | eak. Tthus, the condensation
reaction can be sustained nore easily- by nmaintaining the pressure
in. the secondany]spaces f ohto atbegmsiddoraiatry |argtd.a ofetbnd, daor . that
i,r-zarcr.pi e or r L nut HRossi Bjsld of S
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condi tions w%hl?a?;{wlﬁ%eln the way of restrictions and with a linmted

expendi t4fe 20 of energy, Advantageous:M,. the second gas is a

m xture, the get hadchpvobyi nghgeaerati ngrdhe nixt whe Wetbn® of non-
conposition that. depends_on _the nean tet;r]p re of the primary, 25

menbr ane. Th&CTHAFE Ghab Lt @%oﬁ&&ﬁﬁ%tg‘%%%gﬁ?ﬂﬁe calt b& “&fapt edes
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mean temperature of the primary membrane, the second

gas condenses and, in S0 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 to be located.

Advantageously, detection 1s 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 liquid form. The formation of a liquid phase
does, however, have the advantage of allowing the
deposited condensed 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



Accor di ng roanms eitxliment, the second gas is a. mxture
of pentane and/or perfl.uoropentane and nitrogen. These gases are
particularly suitable for a 35 test ill which, to start off wth, the
secondary space is at. arrbient terrperafufle and in which the or is to
obtain a liquid phase upon contact with the prinmary nenbrane. For
pr ef erence, am:'ymlnt)és spmhe( pokkabimight de ohushmanrﬂtmﬁmﬁnrgermvenetam@

det ect ed usi n %%% t rg%gtratygg fEQSO -apd/ g{hé? @@a%ngg%ion
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substantially elimnating the 10 mrrorlike reflectivity of the
surface, and thP hot spots are detected using a thermal canera. For

exagplje t he &@@ér@m@ayoce?gaembwhmren@r,pm& %al%wrt?%ﬁ@@@uf skyihhehe
met hod conprises the steps .consi sti.n re the first ga
fromthe pri n%??ong SBAd®t he §BE§ r¥qu"0 %Lé]g%‘_e]c%d%?g}geg 3&-@1
and heating the xpimlmaes menbrane up to anbient tenperature, This
allows the tank.. to be repaired or, if. no nonconpliance has been.

detected, b. -rough into service, 20 after the test. The invention
al so pr oﬂ;@sesF@trt]ankfebﬁpﬁem hbeaml@éiémqmgws{q]tmmr@ohlm| Faeyprimary
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menbr ane and FHEOBEAFWES st r JAti e, aiLA O chIPRe sp%%%tjb%]fv\eéﬁ’%]he the

primary- nmenmxanec-add: i bhecsegondany- nmenbrane is known as the
primary spate and the spate between the secondarynmanbrane and. the

hearing. structure is known as the
15 In one advantageous embodiment, the method is 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.

Advantageously, 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 1is
to obtain a liquid phase upon contact with the primary

membrane.



30 secondary- space, characterized in that it conprises, - a. first
injector able to inject into the primary space a first gas that is
i ncondensabl e or that has a condensing tenperature | ower than the
mean tenperature of: the primary nmenbrane?, 35. - a second injector
able to inject into the secondary spate a second as that has a
condensi ng. tenperature higher t han t he nmean tenperature of t he

primary menbr ne| essuri_zi evl e gen! n e
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i mpl enEnt| ng est nethod according to one enbodinent of th
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m xture, the said second injector being able to create the said
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able to contaim %%eflga) na ura# gf@b#ﬁgé%ﬁa e g?lléeé}g{ lerhe
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and ¢ cCoj ec aurez an ges theieof Wil becorme nore
c:l early :ipp® errtirarsay ofoRkelintgprert eorlets.

Advantageously, the method comprises the steps
15 consisting in removing the first gas from the primary

space and the second 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 been 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 is known as
the primary space and the space between the secondary
membrane and the bearing structure 1is known as the

30 secondary space, characterized in that it comprises:
- a first injector 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,

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,



30 noniim one particular enbodi nrent of en solely by :sonanci with
reference to the attached draw nnthese draw ngs; diagramillustrae
pr. of forced condensation, 2 a.saqr:apn illustrating the conden e of
a gas as a function of its )- in. a gaseous mxture, viewin cress
section. of one wall of tarot,;Atte s of: whic:h istos Figure 4is a
di agram of a-tank suitsblelforginpeeheati aglehe trestoomstiRéd addor dihg

CO one e”bomgédqﬁgégyt£Ehé@V§”b%%Esuf@“%ﬁﬂ@U£§ PasehamyLieal F¥spect

depicts one of t cosrponents of Figure 4, Deta ed. descrnt u: o
one...inent &P ttheE ildverie grpimary space, and

- a detector able to detect any hot spot(s) that might
5 Dbe on the primary membrane.

This tank 1s suitable for implementing the test method

according to one embodiment of the invention.

10 According to one embodiment, the said second gas is a
mixture, the said second injector being able to create
the said mixture with a composition that is determined
as a function of the mean temperature of the primary
membrane.

15
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
liquefied 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 is a graph illustrating the condensing

35 temperature of a gas as a function 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,



Figure 1 d.erActs a wall 1, the nean tenperature of 10 which is Tm A

gas at the pressure P is brought into contact with the wall 1, as
thspicted by the arrow 2, If the condensing tenperature Tc of the
gas is higher than the tenperature Tm the gaa.wi |l condense in the

formof a liquid or, solid deposit. 3. In so doing, the gas 15
transfers energy iTi4He fdr mi6f Pedlla@oiTespondi ngars | ssifabdst for
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condensing LE:raps:rat:tire A mixture of an incondensable gas and of
a. Condensamﬂééﬁﬁiéﬂté@%éEHﬁ%ﬁBﬁegfCgﬁeoémﬂgagﬁeﬁEGQEOP150&5%%ﬂﬂlon
order to adapt the condensring 30 tenperature: Specificalty,—as the
graph of Figure 2 shows, a. pure gas which has a condensing

tenperature "ﬁqg/uxlé 1ongepdibyt ed taitihelconcent fn@tahpntémﬁé&%t%ﬁe of
have condensi ng terrper ature To | ower than. 35
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20 temperature Tm, the pressure P and the nature of the

gas are controlled.

The gas may be:
- A pure gas, the intrinsic physical properties
25 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

30 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.

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



detail because. there are seyerai options known to those skilled in
the acct. The tank may, for exanple, Dean 20 LNG tank. produced using
a known technioile. If it thermally insulating material is present in

the primary space 10 and Il the secondary space 9. The tank. 5 al so
conpri ses an ector 11 c xi.riected 25 th rimar space |10
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detected and | ocated as described herei nbel ow. 35 The. |eak. testing'
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20 LNG tank produced using a known technigque. 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.



What: is neant by a reactive gas. is a gas that.. condenses at a
tenperature higher than Tat As expl ai ned 25 harei habove" this may be
a pure gas or a mxture. This can be doneyusing the injector 13, The
three steps nentioned herei nabbve can be perforned sinmultaneously- or
consecutively, in any order, The test itself involves increasing the
pressure of the reactive gas in the secondary- space 9 and detecting
any Conditioning the tank for testing involves:
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not condense at the temperature Tm either because it is
an incondensable gas or because its condensing
temperature is lower than Tm. This can be done using
the injector 11 or, in the case of ambient air, by

20 placing the primary space in communication with the
atmosphere.

- Injecting a reactive gas into the secondary
space 9. What 1s 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. This

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



25 one of the pipes 1'7, either by evacuating this era:act:fr. then
filling it if necessary, or by sweeping it with the gas it is
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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 is intended to contain when in
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 if 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 is

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



25 anbient tenperature is, for exanple, 35C or 10C, it is possible to
carry out the test by adapting. the tenperature Tm and the degree to
which the pentane is diluted. 30 To do_that, advantageously, the
injector 13 is able to create a mxture witn. the desired
proportions. For exanple, the in 13 conpn-).ses a rPscrc-sir:ir 23
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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 to 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



that it enconpasses all technicaT, equivalents of the 30 neans

descri bed and conbi nati ons thereof where these fall within the scope
of the invention, 13 CLAIM tank, ang,a. secondary nenbrane rn
arranged between the prinmary nenbrane and the bearing structure,

bet ween the primary nenbrane and the known as the prinmary space (10)
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plpin controf device 29 provides control
over the degree to which the pentane is diluted by
acting on the evaporator 30 and on two flow meters 27

and 28 arranged on the pipes 25 and 26 respectively.

Many other gases may be chosen, according to the
desired condensing temperatures. For example,
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
positive temperature and in which an infrared camera is
used to detect the hot spots, it i1s advantageousgs 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
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 emissivity of the surface of the

membrane using an infrared camera.

Although the invention has been described in
conjunction with one particular embodiment, it is quite
clear that it is not in any way restricted thereto and
that it encompasses all technical equivalents of the
means described and combinations thereof where these

fall within the scope of the invention.



| oner than the mean tenperature of the primary nenbrane, the 15 said
nmet hod conprisini the steps consisting in: - injecting into the
secondary space a second gas that has a condensi ng tenperature higher
than the nmean tenperature of the, primary nenbrane, the second gas
adapted to condense into a liquid formuygon contact with the primary -«
menbrane, 23- generating in the secondarv space a pressure that is
raised with respect to that in the prinmary space, and - detecting any
hot spot (s) (22) that m ght be on tﬁEAEM mary nenbrane that
correspond to the formation of a deposit of the second gas that. has
condensed into a_liquid formupon ac A thesprimaky nesdd angsnk
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secondary membrane and the bearing structure is known as the
secondary 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 membrane, the
15 said method comprising the steps consisting in:
- injecting into the secondary space a second gas that has a
condensing temperature higher than the mean temperature of the
primary membrane, the second gas adapted to condense into a
liquid form upon contact with 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 the formation of a deposit of the
second gas that has condensed into a liquid form upon contact

25 with the primary membrane.

2. Method of leak testing according to Claim 1,
characterized in that detection is carried out during a
30 detection period which is substantially simultaneous with the

generation of raised pressure in the secondary space.

3. Method of leak testing according to Claim 2, in which the
raised pressure in the secondary space 1s sustained for a

35 duration longer than 10 minutes.



mean tenpereture pf the primary nenbrane is higher than -5nC,
preferably higher than O C, 6Method pf testing according to one of
Clains 4 and 5, in 10 which the second gas is a m xture, the nethod

i nvol ving generating the minture with 4corrposi tion that depends on

the nean tenperature of the primary nmenbrane, so that the condensi ng
tenperature of the second as |ies between theccg%’ln enperature and ..
anbi ent t ehper Aer0d 15 NG A g t'o one ‘of tcnO g
precedi ng chai pBimd hy whéwbrihe secendegas t|es1p&rmtxltar gopfrpémpanembient
and/ or per{%ngg deane and nitrogen. 0. Method of testing according

to one of preceding clains, in which any hot spot (a) that. m ght
be on the primary nenbrane are detected using at | east one
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mean temperature of the primary membrane, so that the

condensing temperature of the second gas lies between the mean

temperature and ambient temperature.

15
7. 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.

20 8. 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 sensor
and/or at least one infrared detector, this (these) being
arranged inside the tank.

25

9. Method of leak testing according to one of Claims 1 to 8,
in which the surface of the primary membrane inside the tank
is temporarily covered with a coating capable of substantially
eliminating the mirrorlike reflectivity of the surface, and

30 the hot spots are detected using a thermal camera.

10. Method of leak testing according to Claim 9, in which the

coating contains water droplets.

35 11. Method of testing according to one of the preceding
claims, comprising the steps consisting in:
- removing the first gas from the primary space and the second

gas from the secondary space,



12. Tank. (5) conprisi..nq a bearing structure (6): a primary
menbrane (8) Intended to be in contact with a product .5 contained
in the tank, and a secondary. nenbrane (7) arranged between the
primary nmenbrane and the bearing structure: in ..4hich the space
between the primary nenbrane and the secondary nenbrane is known as
the*primary. space (11.fl and the space between the seconda

r
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(I'1:), characterized in that it conprises: a first injector. (11)
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det ectlCanykhotn spat (%) E22pntthay mrghte bé2 bn ph@rpﬁﬁ:ﬁﬁweﬁerﬂlbr ahet it
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has condens nto a liquid orm upon contact, with the tQ{enrrary
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tenperature ands@Meninjkenperatiane, abl6 to inject into the secondary

space a second gas that has a condensing temperature higher
than the mean temperature of the primary membrane, the second
injector comprising a reservoir (24) containing a condensable
20 gas adapted to condense into a liquid form upon contact with
the primary membrane,
- a pressurizing device able to generate in the secondary
space a pressure that is raised with respect to that in the
primary space, and
25 - a detector able to detect any hot spot(s) (22) that might be
on the primary membrane that correspond to the formation of a
deposit of the second gas that has condensed into a liquid

form upon contact with the primary membrane.

30 13. Tank according to the preceding claim, in which the said
second gas is a mixture, the said second injector being able
to create the said mixture with a composition that is
determined as a function of the mean temperature of the
primary membrane, so that the condensing temperature of the

35 second gas lies between the mean temperature and ambient

temperature.



14, Tank according to one, of Clains 12 and 13., in wbich the said
primary. space and the said secondary space contain a therlirally
insulating matorial, with the said tank being able to contain
liquefied net. oral gas, 16

14. Tank according to one of Claims 12 and 13, in which the
said primary space and the said secondary space contain a
thermally insulating material, with the said tank being able

to contain liquefied natural gas.



