
LEAK TMTING OF A MDLTI-MEMBRANE TANK Field of the.invention.
The present. invention relates to the leak testing of a
multi-membrane tank. In particular, the present invention 5
reaste.5.: to a. methbd that can be used for leak testing the
secondary. membrane of a multi -membrane tank without the need to
remove the primary membrane. Prior ar.i- Muiti-membrane tanks are
used industrially in. various 1.0 fields, to contain gaseous, liquid
or solid material of various kinds. This type of. tank comprises a
bearing structure which provides mechanical rigidity, a primary.
membrane intended to be in contact with the product contained in the
tank, and a secbndary membrane arranged between. the primary 15
membrane and the bearing structure_ The secondary membrane is
intended to contain the product in the event of a leak in the primaby
mambrane.       There are various methods in existence for diagnosing
the tightness of the secondary membrane. If, di....ring testing, the
20 secondary membrane proves to be non -comrdiaht, then. this
membrane has to be repaired, Now, locating any non -compaiance
without removing the primary membrane is not an easy task and is
somewhat imprecise. esample,in documents FR 2 51. .7602and WO 25
2007/1A4458, a. nbn -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 bdpes t.;:?...m.-.).Lrlq off gas
for analysis at various points. This therefore entails a structure
that is complex and expensive and the precision. of 30which. is
limited.       FR 2 531 516 describes a method ror detecting leaks in
the secondaby membrane of a liguetied -gas tank: in which ice cubes
or carbon dioxide which have solidified on the ezternai face of the
primary membrane at -160C. are detected as cold 35 spots as the
primary membrane heats back up, because or their thermal inertia,
However, it is difficult to get an. optical camera or a thermograph
to work at the very. low temperatures used in this method.  



FR2515347 describes a method for detecting leaks in the secondary
membrane a liquefied eao taft.K, wherein two explosive gases are ni
cted on either side of the secondary membrane to provoke a
non-explosive exothermic reaction at microcracks of the secondary
membrane. An infrared detector is employed to detect the thermal spot
caused by the exothermic reaction at a arocrack of the secondary
mombrane, To resolve an uncertainty about detected anomalies, the
infrared intensity measurements are doubled with gamma ray
measurements. GE1101544 relates to detecti The detection method.
relies on tracer material.  of leaks in a heat exchanger.
concentrat:lon measurements of a  U320060137525 reicto detection of
leaks in a honeycomb structure for a diesel engine particle filter.
Condensation spots of a water vapour flow are optdcally detected. 20
--2 which ice cubes of carbon. dioxide which have solidified on the
external face of the primary membrane at -160C are detected as cold
spots as the primary membrane heats back up, because of their thermal
inertia. However, it is difficult to get an optical camera or a
thermograph to work at the very low temperatures used in this method.
Summary of the invention One problem that the present invention
intends to address is that of providing a test. method which does
least some of the aforementioned disadvantages of the prior.In
particular, one 15 object of the invention is to allow a
non-compliance of the secondary membrane to be located without the
need 



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 located uoirg a structure that is simple, and notandy
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 hearing structure, a primary membrane
intended to he in contact with a product. contained in Lne tank, and
a secondary membrane arranged between, the primary membrane and tne
beating structure, in which the space between the primary membrane
and the 30 secondary membrane: is known as the primary space and the
space betitcreen the secondary membrane and the bearing. structure is
known as the secondary spaces the primary space contaihirig a first.
gas that is incendem.:3able or that has a condensit, tsmTerature 35
lowter than the mean tempera.t.ure of the primary membrane. This
method comprises the s t ep s c one, I s int;   injecting. into the
secondary. space a. second gas that has a condensing- temperature
higher than the mean temperature of the. prima-by membrane,
generating in the secondary space a pressure that is 5 raised with
respect to that. in the primary space and  detecting any hot spot(s)
that mi.ght he on the primary. mernhrane that correspond to a.
deposit of the second gas that has condensed upon contact. with the
primary membrane, I r, By virtue of these features, in the event of
none compliance of the secondary- membrane, the second as escapes
into the primary space and. comes into contact with the primary
membrane, in the vicinity of the leak, 15 Because it has a condensing
temperature higher than the mean temperature of the primary mahrane.,
the second gas condenses ama" in 80 6-,r1,-.0tT" transfers energy in
the form, of heat, corresponding to Its latent hest of change of
state, to the primary mebrane, A hot spot. is 20 therefore generated
on the primary memhrans. Detecting this hot spot inside the tank
allows the non-compliance of the secondary membrane to be located_
Advantageously, detection is carried out daring a. 25 detection
period which is substantially simuitanepus with the generation of
raised pressure in the secondary space, or hbsediately after this
generation, but before the temperatures between the various tones of
the membrane have completely evened. out. 30 



Thusecond gas can be chosen so that it. condenses into a. solid. or
liquid form, formation of a liquid phase does, however. have the
advantage of allowing the deposited condensed gas to run gradually as
this 35 deposit is formed opposite the leak. Tthus, the condensation
reaction can be sustained more easily- by maintaining the pressure
in. the secondary space fol. a significant. length. of time, for.
i,r-zarcr.pis one or more  minutes, The possibility of thus
maintaining over time the hot spot that results from the condensation
reaction makes ?t:ecnxlq this hot spot far easier, particularly when
it exhibits limited. contrast. 5 According to one embediment, the
raised pressure in the secondary space is sustained for a duration.
longer than. 10 minutes. 10 For preference, the :s.d?..thod involves
cooling the pr mar y metnbralm: to a mean temperature lower than
aalCient  en:;pera tar. eisallows:..-paod controloverthe condensation
conditions. 15 In one advantageous embodiment, the method is
performed. at a meMbrane an temperature higher than -5G, preferably-
higher than 0"C. Thns, the method. can be carried out under practical
conditions with little in the way of restrictions and with a limited
expenditure 20 of energy, Advantageous:My,. 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 betw-emm. the 30 mean
tempratxse and ambient. teimperature. 



According              roams eitxliment, the second gas is a. mixture
of pentane and/or perfl.uoropentane and nitrogen. These gases are
particularly suitable for a 35 test ill which, to start off with, the
secondary space is at. arrbient temperature and in which the or is to
Obtain a liquid phase upon contact with the primary membrane.  For
preference, any hot spot (s that might he 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,
According to one embodiment, the surface of the primary membrane
inside the tank is temporarily covered with a coatinq oapakae of
substantially eliminating the 10 mirrorlike reflectivity of the
surface, and thP hot spots are detected using a thermal camera. For
example, the coating may contain water droplPts, 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 noncompliance has been.
detected, b.-rough 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 bearng structure, in which the space between the
primary- membrane and. the secondary- membrane is known as the
primary spate and the spate between the secondarymambrane and. the
hearing. structure is 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 spate a second as that has a
condensing. temperature higher than the mean temperature of the
primary membranei  - a D essurizing device able to generate in the
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) that
might he on the primary membrane. This tank is suitable for
implementing the test method according to one embodiment of the
invention. According to one embodiment, the said seconc 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, r-; According to one
embodiment, the said. urinary 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,
he a land-based tank or a storage tank incorporated into a ship.
Brief descriptione drawin 25 uiie inventwill be better nnderstood"
and c cCojec:ss,, dataurez and advantages theieof will become more
c:l early :ippar ens::curse of the  follt the 



30 noniimi  one particular embodiment of en solely by :sonanci with
reference to the  attached drawinnthese drawings; diagram illustrae
pr. of forced condensation, 2 a.saqr:apn illustrating the conden e of
a gas as a function of its )- in. a gaseous mixture, view in cress
section. of one wall of tarot,;Atte s of: whic:h istos  Figure 4 is a
diagram of a tank suitable for implementing the test method according
CO one embodimient of the invention,. and Figure 5 schematically
depicts one of the cosrponents of Figure 4, Deta ed. descrnt u: of
one...iment of t:he invention. 



Figure 1 d.erActs a wall 1, the mean temperature of 10 which is Tm. A
gas at the pressure P is brought into contact with the wall I, as
thspicted by the arrow- 2, If the condensing temperature Tc of the
gas is higher than the temperature Tm, the gaa.will condense in the
form of a liquid or solid deposit. 3. In so doing, the gas 15
transfers energy in the form of heat, corresponding to its latent
heat of condensation, to the wall 1. Thls heat transfer is
represented by the arry:kb 4, Thus, locally, the wall 1 has a
temperature T higher than Tm. Condensation is said to be forced
condensation when the 20 temperature Tm, the pressure P and the
nature of the gas are controlled. The gab may be:  A purethe
intcinsio physical pryperties 25of which correspond to the desiced
condensing LE:raps:rat:tire  A mixture of an incondensable gas and of
a. condensable gas o 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 To will, once diluted to the concentfation X.% in an
inconaensabie gas, have a condensing temperature To lower than. To 35
- A mixture of several condensable gases which, once combined: have a
desired CarldenS itIc; temperature To_  The way- in which the
principle of forced condensation allows a leak to be detected. in the
secondary membrane of a multi-membrane tank is now explained with
reference to Figltnes 3 The tank. 5 co)m.itiees a bearing structure.
6 which gives it its mechanical rigidity, a prkmary membrane 8
intended to be in sexit.-:.n.tct with. the product contained in the
tank 5, and a secondary membrane 7 arranged between 10 the primary
metrbrame 8 and. the nearing structure 6. The space that lies
tii:21.-.Weell the primary. me:do:cane 8 and the secondary membrane 7
is known as the primary. space 10. The space that lies between the
secondary membrane 7 and the bearing structure 6 is Known as the
secondary 15 space 9. The creation of the tank 5 will not be
described in 



detail because. there are seyerai options known to those skilled in
the acct. The tank may, for example, Dean 20 LNG tank. produced using
a known technioile. If it thermally insulating material is present in
the primary space 10 and Ill the secondary' space 9. The tank. 5 also
comprises an injector 11 c...;-xiriected. to 25 the primary. space 10
by a pipe 12, an injector. 12 connected to t.he secondary. spacer4
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 inventian entails
successively conditioning the tank for testing, actaal testing, then
deconditioning the tack,  Conditioning the tank for testing-
involves:       - Regulating the temperature of the primary membrane
in order to achieve a. desired temperatsre, 5 This may be performed
using climate control devices or by injecting a liquid coolant into
the tank. 5. For example, the cooling de-vire 15 injects liquid
nitregen into the tank 5. Ideally, after this step, the temperature
of the primary membrane is uniform. 1.0 However, because of. varils
thermal stresses, the primary membrane may have a slightly
noneuniform temperature. Thus, hereinbelow, mention is made of the
mean temperature Tm of the primary. membrane, - rnjecting a neutral.
gas into the primary space 15 10. What: is meant. by a neutral gas is
a. gas that does not condense at the temperature Tin 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 ambaent airs by 20 placing- the primary space in. commhnication
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 Tat As explained 25 hareihabove" this may be
a pure gas or a mixture. This can be done using the injector 13, The
three steps mentioned hereinabbve can be performed simultaneously- or
consecutively, in any order, The test itself involves increasing' the
pressure of the reactive gas in the secondary- space 9 and detecting
any
-hot spots that migla. be on the primary membrane 8, advantageously
from inside the tank. Specifically, as shown in greater detail in
Figure 3, if Lhe secondary. membrane 7 has a leak la, reactive gas
escapes into the primary space 10 because of the  pressure difference
between the secomdary space 9 and the primary space 10. This is
sybothed by the cloud. 19 and. the arrow- 20, 5 Thus, at the: leak
le, reactive as comes into contact. with the primary membrane 8 and
forms condensation. 21, In so doing, as explained hereinabcvE.,, the
reactive as transfers heat to the primary- membrane 8 which is
therefore locally' hotter than the temperature Tm.. By 10 detecting
this hot spot 22, it is possible to locate the 18. The hot spot 22
may be detected for example using a te.1:',.,arature sensor: or by a.
sensor that detects the emitted infrared radiation, arranged inside
the tank, Dcondationing the tank for testing involves:  Removing- the
gases from the primary spare 10. This can be done notably by using
one of the pipes 1either by evacuating this space, then filling it if
necessary, or by sweeping it with the gas it is intended to contain
when im service,  Removing the reactive gas from the secondary space
9. This can also be done notably by using 



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
',i]-_,.en.ded to contain when. in. service,  Raising the temperature
orthe priraary membrane, This can be done either using climate
control de,nices, or by convection of air at amndent temperature. The
aforementitmed three steps can be riot Loomed simuitaneously or
consecutively, in any order.  11 a volume of nitrogen and 50% by
volume of pentane. The pentane is liquid at atmospheric pressure and
ambient temperature, Its vaporization temperature is 36C. In the
aforementioned, mixture, its condensing temperature 5 at which it
condenses to a liguid phase drops to about 18C. The tank 5 for
testing is, for example, a storage tank of a methane carrier, the
primary membrane 8 of which. 10 is at the ambient temperature of 25C.
The inside of the starage tank is cooled so that the primary.
membrane has a mean temperature Tm of 10C, Because of thermal
insulation, the temperature in the secondary space 9 is higher than
2012, The nitrogen/pentane mixture can 1 5 therefore be injected into
the secondary. space 9 without the risk of it condensing. Next, a
raised pressure of a few millibar is generated. llhe nitrogehipentane
mixture enters the primary space 10 at the leak 18 and condenses upon
contact with the primary 20 membrane a, generatInd a. hot spot,
Furthermore, the degree to which the pentane is diluted in the
nitrogen can he modified in order to adapt the condensing temperature
of the pentane. Thus, if the 



25 ambient temperature is, for example, 35C or 10C, 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 witn. the desired
proportions. For example, the in 13 compn-).ses a rPscrc-sir:ir 23
Mibanded to contain the carrier. gas 6(nbtrogam in the afcrementithed
exampde) and a redwecvoir 24 intendeci to contain, in liquid the
condensable gas (pentane in the aforementioned exann):La), These two
reservoir's connected, respectively by a pipe 25 and. by a pipe 26,
to an.  evaporator' 30 in which the mixture is created, The
evaporator 30 is connected to the secondary space 9 by the piping 14.
A control device 29 provides control over the degree to which the
pentane is diluted. by 5. 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
desiredcondensingtemperatures.Forexample. 10 perflueropsntane 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 vapour, 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 emissivity- of the surface of.
the membrane using an infrared camera. 25 Although .the invention has
Peen 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 technicaT, equivalents of the 30 means
described and combinations thereof where these fall within the scope
of the invention,  13 CLAIMS    tank, and a. secondary membrane rn
arranged between the  primary membrane and the bearing structure,
between the primary membrane and the known as the primary space (10)
and secondary membrane and the bearing structure is secondary space
(9), the primary space containing   membrane is between the known as
the a. first gas  that is incendensable 



lower than the mean temperature of the primary membrane, the 15 said
method comprisini 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, 23- generating in the secondarv 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 with the primary membrane,
2.Methodleaktestingaccordinb) characterized in that detection is
carried out durina 30 detection period which is substantially
simultaneous with the generation of raised pressure in the secondary
spate.       Method of leak testing. acbording to Claim. 2, ln which
the raised pressure in the secondary space is sustained for a 35
duration longer than 10 minutes,  14       Method of testing
according. to Claim I, involving cooling the primary- membrane. to a
mean temperature lower than ambient tamperature. 5.Method of leak,
testing according to Claim 4, in which the 



mean tempereture pf the primary membrane is higher than -5nC,
preferably higher than O'C, 6Method pf testing according to one of
Claims 4 and 5, in 10 which the second gas is a mixture, the method
involving generating the mimture with a composition that depends on
the mean temperature of the primary membrane, so that the condensing
temperature of the second as 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. 0.Method of testinq according
to one of the preceding claims, in which any hot spot (a) that. might
be on the primary membrane are detected using at least one
temperature sensor and/or at least pne infrared detector, this
(these) being arrange& ineide the tank. 25  9. Method of leak testing
according to one of. Claims 1 in which the surface cf the primary
membrene inside the tank is temporarily covered with a coating
capable of substantially eliminating the mi.rrori.ike reflectivity of
the earfaPe, and 30 the hot spats are detected using a. thermal
camera,  10. Method of leak testingto Claim 9, in which the opating
contains water droplets,  15  heating. the primary membrane up to
ambient temperature, 



12. Tank. (5) comprisi..nq a bearing structure (6): a primary
membrane (8) Intended to be in contact with a product  .5 contained
in the tank, and a secondary. membrane (7) arranged between the
primary membrane and the bearing structure: in ..4hich the space
between the primary membrane and the secondary membrane is known as
the primary. space (11.fl and the space between the secondary
membrane and the bearing structure is 10known as the secondary space
(II:), characterized in that it comprises::  a first injector. (11)
able to inject into the primary space a first gas that is
incondensable or that has a condensing temperature tower than the
mean temperature of the primary. 15 membrane:  a second in-jector
(13) able to inject into the secondary space a second gas that hes a
condensing temperature higher than the mean temperature of the
primary membrane, the second injector. comprising a reservoir (2.4)
containing a condensable zu gas adapted to condense into a lignid
form upon contact with the primary membrane,  a pressurizing de-vice
able to generate In the secondary space a pressure that is raised
with respeet to that In the primary spate, and 25- a detector able to
detect any hot spat (5) (22) that might be on the primary mem'brane
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 creete the said miture with a composition that-
the mean temperature of the prlmary membrane, :rics Lnah the
condet)sing teumerature cie the second gas lies between the mean
temperature and a:Wien:: temperature,  16 



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


