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WD 2004/ 067408 PCT/ SG2004/ 000029 1 PANELS FOR
FLOATI NG COVERS FLOATI NG COVERS AND METHODS FOR
MAKI NG THEM FI ELD OF THE I NVENTION 5 Thi s invention

WO 0849788 t 0 panels for floating covers, floatRGHSEH(Ep9029

and nethods of formng them particularly for use in
| arge liquid storage tanks, for exanple for
preventing contam nation to/iromthe content of the
tanks and evaporation |osses. Mre speC| f| cal ly it

[+ J A
Storage tanks are in ccﬂﬂﬂw storage term nals
or processing plants where huge stockpiles of |iquid
raw materials are necessary for their continuous
Flioide Oit TidE SNVENREAN st orage tanks usual |y enpl oy
floating covers that nove as the liquid | evels
change, and these covers provide protection agai nst
Thisoinvamicmatalades to phneln fbhﬁoaﬁngt eovead, floating coverstandr methods of

ol B G o BB S S 5 e

praventirige iconteadreatiof toﬁf&:lmilthg cmnt«bnt iméitine mnkslami bvﬁporatﬁ:n losses.
e RNy TCahS Yl e ES g PSRt HeroRarod SSnavie

- paadisumi ni um covers, the initial capital outlay is high

~but the maintenance cost is |lower than that of steel.
The materials of 25 these covers or their coatings
“nmust al so be conpatible with the content in the tanks.

I ery large and nay range from
B@@ﬁ?@ﬂf@ﬁ@m@ﬂ hundred netres in dianeter.
Bef ore construction begi ns a pl atformsupported on
ding.L.s erecteda IS _then d .on
SiqHAGR WS, B8 b oo, Eom oS ot ar pihesRprentS Where
huge pmcbgbxlescuf dijuidativanatesialsnarameabssane for thehd cnmtm&otts operations.

gl Bk, L0 WM oPe Pl bl B G s oo

changey haradl theeded icogers r provide! prote¢dtien phgdifisir contddninatien , to/from the
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- properly ventil ated.

The covers are typically made of steel or aluminium, mainly due to their ease of
welding and their availability as construction materials. However, steel covers corrode
relatively easily and are costly to maintain. For aluminium covers, the initial capital -
outlay is high but the maintenance cost is lower than that of steel. The materials of
these covers or their coatings must also be compatible with the content in the tanks.

These tanks are usually very large and may range from a few meires to about a
-‘hundred metres in diamseter. Before construction begins, a platform supported on

scaffolding is erected and the cover is then formed on the platform. Due o the size of

_the cover, this fype of construction is invariably carried on site. Owing to the nature of
- work, it involves welding from both sides, and this requires welders to carry out
: .overhead welding from below the platform. However, welding creates hazardous

fumes and the working space, especially that below the p{atfonn must be properly
ventilated.




35 WD 2004/ 067408 PCT/ SG2004/ 000029 2 It has al so
been known to make such covers from sheets of gl ass
fibre, which overlap at their edges and which are

- WO 2¥8#%Bed on their undersides by buoyant ur StGHAS{e20p4A929
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frames, for instance as is disclosed in published

pat ent docunent GB 983,797. This too involves
construction fromboth sideszand in al nbst 40 years
since publication has 5 not really caught on. SUMVARY

It s AisEpb VAN ﬁanIt«ﬁ‘&?éH gﬁs\}ég‘: ﬁ&r%@%e%soggﬁéespgﬁ%} hich overlap

present invention, ere rov
at heiiredges sod pdieh grarmeippoded on tHeiraindesidasviey biayanturethane foam

fraléﬁeég,gk;]cg iR RIS fsadiictodddtin %@Mﬁ{q?ﬁjagg#tgc{oﬁgw‘;hg &h 9d%b7. This

portions 1 n contact
toanwelves constrectiarn om both sides hoed innaimest 4hyeam sirice poblication has

and a first side facing the second
“°g£era!‘ gerlr ‘éht he second portion has an extent in the

pl ane of the panel, which extent is less than the

extent of the first portion; and the first portion has

an exposed portion on said first side. According to a
SUHAMARY QGE it INVENTH@NI nvention, there is provided a

plurality of panels, 20 as above, wherein the first
.portion of each panel has an edge general ly orthogonal
Acterdingtte quearspedifofithe ppasest invention; there dgasvidéd thgenkiallg planar

. . ot her . Y
bulk pfier 81 3 b Pyl 3SR T YorfdE il Hiine! pamprising firt
'andgemmim'cdw'. s_ein de{Wiﬂnm@roﬂﬁerr apd wlﬁérein':quibd st or age
. S as OVie. o . - .

by %8 o A 10 BRI i i o

the seqond\pbdied;l a net hod of joini Ing a plurali #y of _
S et her., r.use in,.

o7 B sodbnfl BABh U AR N RoibROGL AR Panpl jvnith oxtdht i tess

thandhe ekteatoffthe fitst porifos;eowind portions in.contact with

eac ' LISt rii f. ,each panel
hav Fhrﬁa Sﬂgﬁ&%ﬁéne%%g %mne)%pﬂ%eé ngﬁlgn‘(% Stahqgﬂﬁgﬂ%?' and a
first side facing the second portion, the

SRR 4SS  W B g
‘as @ho\_em twhefein tiee fiist pertipoof pach parsh diat lae ddgesgenpmlly icothogonal to
o0 8 SRESST T O, b B g

othemnel s are pl aced toget her; w th adjacent

According to a third aspect of this invention, there is provided a buoyant cover for a
liquid storage tank comprising a plurality of panels as above.

According to a fourth aspect of this invention, there is provided a method of joining a
plurality of generally planar bljoyant panels together, for use in forming a floating
cover, wherein each panel comprises first and second portions in_contact with each
- other, with the first portion of each panel having an extent in the plane of the panel and
a first side facing the second portion, the second portion of each panel having an

. extent'in the plane of the panel, which extent is fess than the extent of the first portion;

- and the first portion having an exposed portion on said first side (or the panels may be
as above), and wherein the plurality of panels are placed together, with adjacent
panels abutting each other, the edges of the first portions of adjacent panels which are '




35 panel s abutting each other, the edges of the first
portions of adjacent panels which are WO 2004/ 067408

wo F641ds5£a8004/ 000029 3 orthogonal to the pl anelscﬁ% 3% 000020
panel s being in contact, the nmethod conprising ﬁe

step of. inserting infill portions between adjacent

panels, the infill portions gxtending in contact with

t he exposed portions of adjacent and abutting panels..

5 This may be used to produce a buoyant cover as above
orfwgpad! tadhe mianes aftthe papels aingrim gonrtast &t methagoeamprising the
gg@gfpanels may be securely joined together by people

wor ki ng on just one side of 10 the cover. A nethod of

condbsaidg ll aortiopabrivpenoadiacens pagelsi teiinfill pontiortsrexending in
coRtaé th the ésfdpos@é‘BSJﬁEns PaciacRbhd %bﬁllﬂﬁq pafdic. of: 15

placing sard plurality panel's on a Fmwor K;
5 joining said panels together; and renoving said form

THORY BRI B 04 B ' 0 i
st_epyi S accon‘p‘?r?glﬁéggé 2’ gp%f@tc? ?%%é g%%\}es?rlgg&oé]gs?%\é ' thethod of
forgring floglingreaver.ding to a fifth aspect of this

invention, there is provided a nethod of testing the

integrity of joints in a floating.cover fornmed by a
The punels gy He feiRIFjoined BlpRitfer byCretpld GoRdns b J%_&te&_ie side of
10 of . providing at |east one testing port in said infill .
thpee¥sron at a boundary between 25 said WII portion
and a panel second portion; applying a pressure
differential between the testing port or one of the

j t t sd 0 X .
A GEROESE QAR o Mol pOAE B 4 DEnRTIEEK. from, a gty of
papelstmay compdsotie stépstdfe testing ports and the outside

of the cover; and 30 if there, is a leak, identifying
15 . t he plasing, said plurality of panels on a form work;

joining said panels together; and
removing said form work; o
wherein the joining step prior to the removing step is accomplished solely from
one side of the cover.
20 |
* According to a fifth aspect of this invention, there is provided a method of testing
the integrity of joints in a floating cover formed by a plurality. of panels, as above,
comprising the steps of: _
providing at least one testing port in said infilt portion at a boundary between
25  said infill portion and a panel second portion; _
applying a pressure differential between the testing port or one of the testing
ports and the ouiside of the cover; ' |
determining if there is a leak between the one testing port or said one of the
testing ports and the outside of the cover; and
30.. if there is a leak, identifying the leak. -

Preferably, a pump delivers air or nitrogen to the test port at a predetermined pressure.
- Aliquid, such as a soap solution, may be used for detecting léaks from any defective
portion of the cover.
35
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Preferably, a punp delivers air or nitrogen to the

test port at a predeterm ned pressure. A liquid, such
as a soap solution, may be used for detecting |eaks

wo fooems7asgy defective portion of the cover. 35pdsG2004/0060029

2004/ 067408 PCT/ SG2004/ 000029 4 A plurality of drain

hol es may be provided at the | ower surface of the
floating cover of one or nowe of the above aspects. 5
BRI EF DESCRI PTI ON OF THE DRAW NGS Thi s i nventi on wll
A f

GRS oF BT 66 pi, i Biolucl SRS Kh/oRbutForc IRB §83tng cover or
ORghPIdRore1q the ghove dspeetscr oss-section il | ustratl ng a
typical liquid storage tank using a floating cover of
the type described in this invention; Fig. 2

illustrates cross sectional details of a sandw ch

RESh cover according to an
BlgnbodEgngmﬁg?N{?ygﬁEL%enwiﬁﬁs 15 Fig. 3 illustrates
cross sectional details where two prefabricated

Thig!
REDFEAER W 8B sl BT WAR o pRRitgfie PEriniSs, with reforence
tomegacoymnanmsg deavdsgs irpehichen of the floating cover

with a test port for testing if the sandw ch panel

joints are airtight. "Fig. 6 illustrates a portion of
Fig.Hkisfa grggfggz_twumstmtm@ a?ggf:ﬁ(i)%lqgtcﬁstbrlagelrtfmlatnﬁn{g aficiting cover
FRRY ig illustrates a
© I ar(gg gtorage Ekn%ﬁ ving a cover 12 floating on

liquid 14 30 contained in the tank This floating

Fidjoélgﬁjsl}%leé B g&lcg?%ag e?%g r%fb %rsan ef ab{ : Cgllngnlbq thes§oating

: san
‘wmwo@m@ﬁom@mmmmm lmmnﬁtfnthe storage tank.
For exanple, a ring flange, with a cross-sectional"
.shaF)e of an inverted "L" is provided 35 around the

Figs & Hiygivates cross) seddipnalietaitswhereAwbl m&fabhmtﬁetsahd\mmpaﬁéls join

tode‘fl')élmél'ﬂf ed on this

Fig. 4 is an exploded view of the component parts of Fig. 3.
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Fig. 5 illustrates a portion. of the floating cover with a test port for testing if the
sandwich panel joints are airtight. ‘

Fig. 6 illustrates a portion of the floating cover with another test portand-a drain port.

DETAILED DESCRIPTION

Fig. 1 illusirates a large storage tank 10 ‘having a cover 12 floating' on liquid 14
contained in the tank. This floating cover 12 is:made up of a numiber of prefabricated -

sandwich panels joined together.

The cover 12 includes other components for operation of the storage tank. Fbr

‘example, a ring flange, with a cross-sectional shape of an inverted "L" is provided

around t.he peripheral edge of the cover. A flexible mefal seal 16 is mounted on this

o
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WO 2004/ 067408 PCT/ S&004/ 000029 5 flange to
co-operate with the internal wall of the tank to keep
the content of the tank beneath the cover 12 and to

WO WpEEM8 ext ernal contam nants from ent eri ng. PGI/SG2004/006029
plurality of vents is equally spaced along the ring
flange is to allow for expansion or contraction of
vapour that may be present ih the tank as its
tenperature varies during the day. OQ-her 5 types of

ﬂau@encscmmperatamtbm@Emamdla.dali bPthead AR ﬁeéb Hféﬁéﬁﬂiﬁnt of the tank
In the tanks

| t
benéaetﬁ %c%\%ﬂ i% ﬂio E%/YVEPP‘?’@‘”P@%‘%Q“F?@"'BWF rer enfrring. es‘owlurahty of
veatads eguallg sphastsiong tearing ing8hé B Afowl or qu%\fﬁfgn &%ﬁﬂgctlon of

Vv caused atjve pressure
vbdlr R Y EREGR O 19Tk Sl embereture 1eries aumcresiay. Other
typeamb vemty npy alss barpeomwme&ambr@ra%&uﬁxﬁ b@éérﬁwvém'a%w the
lig p% go‘gt tSeOft tankt to be taken. Furt

‘8 pe gy 51 itied, whepthe cawes is fstingoarthe tankgiconand is no
'Iongelaﬂuat!n dthig iscto QB idahia Fel
o e Tt oy A log
LHIE Balance of % i§ RYBpgHOUhe cover prevent the
cover 12 fromrotating. Vertically extending | egs 20
apart bel ow the cover 12 at regul ar

Drdffig PO Sartpting'ints are.greanged ip OBAr de allavosauples of thetmentents of a
tank duese tdkenh€orthéie 59 dé@ bdien@eltas aﬁ%eﬁroqu%[io%? Yeflinfiling the

and before the tan

b ver is co | ete
qu#tlﬁqogghwrﬁ '%tdr[‘ &Rkt - 20 liquid for the cover 12 to

fl oat The I egs 20 al so provi de headr oom bel ow t he
mai nt enapce poses. A hatch-cover

Fim@ﬁ%;?{%%' 23,2 WS 49pS 8. Bred,baAoR dhe e an foopebitiedtaik and

pashing throlgh eRacuver PrevEISAS covdeDerdi R)thtgoNs for the
operation of the tank, such as the vent’s, sanpling and

drain 25 points, anti-rotation fittings, |legs or
Vertieally leatemdingtlodls 20\eee spaicd ARAbAGRhS ea%rolf%zgth'@?ula%mtervals

ve a ures or flanges to all
Thegquész al?%rpr%\f:&)eé:[ ttcI' SHRRYT e 1covelr 18 whenc thep seafielding has been
remavedatiyr thestovkt édcorpleell arkP bERYE e &hR 'l‘f“ﬁf%' il
i P o G o 3 gbiane] D il uftcens
HaRe i VR Cﬁ* 820 ggso ;prgwgﬁ @ﬁ/ﬁdqum below the cover 12
for rosiotenases pumnseasn Ahgich-2ovdiamiiste 9AR LB Gler | 'asméfr‘? Hfle is also
@3&{}[_&'@ than it is long or wde, the relati
epth AR WUER PYPO3PSt orted in Fig. 2 and ot her
figures. Likewi se, there is a distortion in the
ve t nesses of_ the different |ayers.
Thes€ bl% isiohs for ﬁme operatlson of the tank, such as the vgnts sampling and drain
points, anti-rotation fittings, legs or man-hole hatch cover, etc mean that some of the
panels have apertures or flanges to allow them to be fitted, or afe formed with various
components already installed. '

. Aroof 22 covers the whole tank 10.

A prefabricated sandwich panel 30, used to make up the floating cover 12, is shown in

- cross-section in Fig. 2. Because each panel is very much thinner than it is long or
wide, the relative depth and width is distorted in Fig. 2 and other figures. Likewise,
there is a distortion in the relative thicknesses of the different layers.
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35 WD 2004/ 067408 PCT/ SG2004/ 000029 6 Each panel 30
has a | ower glass-fibre reinforced conposite | ayered
portion 32, an upper glass-fibre reinforced conposite

WO J0y/@57¢@8 portion 34 and a honeyconb section REGEGI004900029

36, to provide buoyancy, sandw ched between the | ower
and upper layered portions 32,34. Each portion is
preferably continuous, in th&t there are no holes or 5
gaps all the way through them The. panels are joined

Eamg@ammo Wad h loher bRusfibleaiiiaded mﬁpo@n@ ia%%reoeﬁ@moﬁ%z an

o S5 STl ot 4 i dcon

(portioh) 86, 34praviée bh@@@v%dm%mﬁen Ittftmo%f and upper layered
each of whjch contains a

St ruc f. several
PPl 32360 ERsh Gl RMBrabhs GEROUsInGpRk o8t o holes or
gl [)aultn@m Qﬁolagw%m Ibmel pé?l%tseéref‘ﬁiﬁté@ ttog@mbd rgxbgm?gae aowter layered
re a i bres are orjentated in differen
poplaE iz g S8t s Hhao fogh the gatrs oglng syr 16
i mredi ately adj acent |ayers to provide each panel wth

re trength  and ot her desired nechani cal
g'b“ehvv% ayerqd PpHiogetre AR BRI fAYRIRd RORIGMP4 are themselves

coﬁ?p@@itlé i SR BS , oft %eké?\’@?exﬁndea@ﬁp&r whféMeécﬁﬁams a liquid
rtions 32,34 are nmrror es each ot her,
PU&W%Sdﬁs@x?l@ho%gﬂ APOKE . f%msreﬁmce EPOYhENY| a8ty fsin, and

' gl@ﬁ%r&a”ﬁﬁe §ﬁss f" iﬁke&fé@e bAYRAtel Ay QlfRFer PaltePs o?’%hre&tﬁﬁs at least

é I%/er 42, is a V-layer. Above t
rel%vevtq mﬁ 'atz dJace tayersni PRAVidg 9@% pang] . wrmqrqqulr@q/ strength
and®tfet desREPMmREnaAEY Prdpftidsi r st -M layer 44. A second

M| ayer 48, of a simlar conposition to the first

~Mlayer 44 is provided on top of R layer 46. This is

In 'géRerap BOMPbsitich), ah tiek éxﬁﬁlpla?%@ﬁ‘lbbah‘ﬁérﬁ dthB%&réPBn@ %ppé}nlﬁyered
i s adjacent t he underside of onb section

poigng %%@rmif@w%@esp@r%acarpﬂser AL St @nounts
in theWdind efkRicRaRardog. on 32, with a V- layer 52 _
upper nost, above a first Ml ayer 54, above a R-layer
56 above a second M |ayer 58, which is adjacent the

In thSWﬁlaFéreH hﬁrﬁ&ﬂ%’ Ql%m@ﬁﬁbét%ut%@ Iaﬁ?emvré @Vﬂéye'? 2Above the

fir 56 and second

V-laper ‘B%Ee %39@%9{ @d%f%yr&# 28 Ripxee 4orls f%!,%me @Heveaihe first M-

‘ .lay@ﬁ RO sbeshdaM-laféH 48,COf & SHARIAEABpITHGR o td filde M-RYEF 44 is -

ort The V la er surface veil
provd toazJ?Pngvw%{%e B e B o o B e davbsopbporton 32

an@fs adjacalt rsuriRIIMEHOBERBAGyRRD sta¥ien 86F bon (and
col our plgnEnts i f deS|red) and enhance

The upper layered portion 34 is the inverse of the lower layered portion 32, with a V-

'layer 52 uppermost, above a first iM-layer 54, above a R-layér 56 above a second M-

layer 58, which is adjacent the topside of the honeycomb saction 36. The V-ayer 52,
first M-layer 54, R-layer 56 and second M-layer 58 of the upper layered portion 34
have the same general compaosition as their correspénding layers in the lower layered
portion 32.

-The V-layers (surface veil layers) 42, 52 have 'a surfacing veil glass fibre mat of C

glass reinforcements and have carbon (and colour pigments if desired) and enhance

- the sutface finish as well as providing weather protection and corrosion resistant
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the surface finish as well as providing weat her
protection and corrosion resistant WO 2004/ 067408
PCT/ SG2004/ 000029 7 properties. Typically they are
WO 200/8240H0 - 95% by wei ght of resin and about PETE5G2043/080029
mmthick. Different V-layers wthin the sane panel can
be of differing constructlon The M1 ayers (mat
| ayers) 44, 48, 54, 58 have 7a chopped strand mat of
glass fibres 5 that are of certain |lengths but are
propatieanTypioczilyethew bedabolf [5I0caB5% lbWw;algat ef @binuindodbout 0% 0.6

mny ik B Era e Sisctiy 8 Sae Gt cad bR R fireghd gonshriSon.
relatlvely hlgher resi stance to corrosion to the

e, TRV et BRE B BB 6358 aiiopeet ffard mal of Gless Tores
thatcmaifrcecttaindengtaaé blihareR-andyiys ofigmated. Typidalyg theyy sresabout 60 —

e r.ovin t of . gl ass )
70% By e e 560 BP0t it Ewrihicho Thennvare sy rotatively
moi@i ree:ﬁtarﬁm@ve folativend Hnghérh@;ﬂswn%eab@dfrosné@to th@Q%nmbsste layered

porfiis’ 37 ot AOTBRET FHAXE v e sAuRt Pansictie 1B of Sdfering

conptr@stiodle nechani cal strength in two directions. The 15
| ower resin absorption of these |ayers increases the
glass to resin ratio with consequent increased

ThemeelagaisC povehr eviligh ia ry@rS’)fﬂfﬁe!fu’Efo Faven e W vih trBVlﬁgtrhﬁt of glass
_fﬂ?rre g@g@%tcan be o fferi (gj d:rst[uct 3? b
reinf RIS RO Pevhas R SISy ety dray, are abou
40 W60t mmei@afrbrrz@amsﬁmrabo&@ 18ach zshﬂhethm%n mwwmawbh@mns of

pe.r nent ches to. he ccg]re and ac

ly se
the BEDMRTRCTSL e BanErs 2O el Sehels it by gegrons. The
Jowd#in regiih eabstegtiohabe . thede aayvm mwaees tther glasd ast iesinTahtio with

conpErL Teteset e AL AT oAl DRI SERSEE AR fomaews parel
canthleenfaiffening Rehsingtioh.ace. The r esul ting bond

contributes to the overall structural integrity of
each panel 30. 25 This honeyconb | ayer 36 and its core

Thentsynelyeorab bs;tértaﬁ Bomadd bf at fstypropylese ebre, hnhightnmaheshbranes on -

teri s desire The
“each §idg, R4 op pRmBtne perenely ARSL ki S At AQ 86 seal to
pre\teﬁplrwh Ip,enétrﬁ;cml |t|)1&qtlw eclist Mkme Shresi e obmr n@erﬁﬂlaﬁétcfda non-
0 out 70-80 er., panel ene
wodf] Be e Cloaf Bobbrofi Al Ao tnd 55, oR e S5Mpasiy, favered
. portfonis (when auet) fof pdrtratd and bond to the membrane's surface. The resulting
bond contributes to the overall structural integrity of each panel 30.

This honeycomb layer 36 and ifs core may be substitutéd with oiher types of
- lightweight core malerials as desired or appropriate.

The panels 30 are prefabricated at a factory. Each panel is typically 2.2 m square, this
size being selected on a weight of about 70-80 kg per panel and general
: _bumbersomeness. Each panel is not too heavy or large for a group of four to
‘manhandle. As most storage tanks are cylindrical, a cover for such a,fcankl would also
‘be circular.. “This means that not all panels will be square, but some will have a

. rounded edge according to the overall radius of the tank.
35 |
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manhandl e. As nost storage tanks are cylindrical, a
cover for such a tank would also be circular.. This
nmeans that not all panels will be square, but sone

WO 20p4467#8ve a rounded edge according to the QREEVHFA004/000029

radi us of the tank. 35 WD 2004/ 067408

PCT/ S&004/ 000029 8 Cenerally the conposite is nmade
in a large continuous and umsi form sheet which is cut
into appropriately sized panels 30. Portions of each

Geﬁé\% el‘%rtfeorﬁﬂb%ﬁe IEHRYESh Qﬁéﬂ:}@ Q:'gnﬁﬁuﬁgg %ﬁ@%nﬁ&’r@ 5 t'ﬁméﬁ is cut

orm as I's sho ticu
mtq ﬁHJFQpI[miﬂly sizedepanelspdl.t Portions céleeclh oﬁeglcmﬁﬁh@etqmwed%ound

s i IR SR 219 S P 2, a9 povor
|aywdtnooﬁorG&4 aa&hemw:omblmcbely Shdire nemaysgeirorn sy sirip daround every
{1 tﬂﬁ %n’ﬂﬁg rl‘.‘ﬁ%’dpc% o %ﬂié’n t'ﬁrﬁxs' {ﬁea\ewef %Z&g gﬁgﬂon 32

n- each rectionin € plane o
extemds Gﬂm beyondtthe upppr kyetedyartiagP34 sind thonpyesintp ae¢tioa 36 in an

o BT B T PSR RS e g
layed Gidisi strlmnadsbmkambit éurth]s@ abits @dg@& deavirg amespasedostipdl of the
topg@%{ﬁ\g-ﬁlaggp strl]f ?\ﬁgﬁ ik @tr{;ﬂ% V\lidet |F his teﬁ form can be

€ ori rlca ion s € or in other
ways. Before |nstallat|on of the cover 12 f orm wor k

dj
of §6bs e bt BaToEREE R e IS Fel ' oBlt 8 ban be
acmwedbmheamnglrmhfabmamn stoge ngmauﬂmm‘taysact bet ween t he
edges of the | ower |ayered portions-32. In the spaces
above the extended edges of the |ower |ayered portions

Befas instadlatinppef the vover 6t fatm vweuk Eeaffaldicg B erevigdeaneda piatform is
 profRRdRBP ey RIS 38! Halkho S b gl GBI P2 bR Tbe aid gut with
conﬂgumhmmntaﬂt mebmgerﬁheredggsu of theHewerlsyered porikds @2s in the spaces
ava%nﬂ\ée%g%ﬁd%aggq@ 811 ﬁ'?en io%'r I{&%? ‘ﬂoﬁﬁbn&hﬁ rtﬁé'tﬂ)g)%{ ni%ﬁzontal
su@pa@wmmaam@wﬁb saed;sﬁnamemeryml@h 03 sumiiar @hpashe(dor example
haﬁfrh;gé{\'gfq o sie ?f'sa%toH?%"\ﬂ? tl’lug ggé; got %Tenzaﬁregﬁﬁ Bﬁgﬁ Pgné'sﬁ% r’eQuItmg_
dusd @m@@d@w uaneumlmmng ajfereise sioe tésidve Bay cameeweak bonding

ancfjﬁmf’eﬂluwan just filling in.the gap between -

A joint between adjacent paneis 30 is shown in Flg 3. An exploded: view of this is
shown in Fig. 4.

The resin used in the V-layer is then applied fo the eﬁeﬁdea:'fééing- edges 38 of the
lower layered portions 32. However, rather than just filling in the gap between
adjacent honeycomb sfructures 36 with more honeycomb, a reinforcing structure is -
mounted over the joints between adjacent panels 30. n particular, the gap is ﬁligﬁd :
rwith what amounts to a narrower inverted panel with the top V-layer 52 completely
removed. That is there is a reinforcing infill composite 60, having a first M-layer 62 in

 contact with the abutting second M-layers 48 of two abutting lower layer portions 32.

35

Above this is a first R-layer 64, then a second M-layer 66. Atop this is a honeycomb
structure 68, on top of which is a third M-layer 70, then a second R-layer 72, then a
fourth M-layer 74 and finally a topmost V-layer 76.

-
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adj acent honeyconb structures 36 with nore honeyconb,

a reinforcing structure is nounted over the joints

bet ween adj acent panels 30. In particular, the gap is
WO 2804062448 30 wi t h what anpunts to a narrower i RGESGREN4/000029

panel with the top V-layer 52 conpletely renoved.

That is there is areinforcing infill conposite 60,

having a first Ml ayer 62 in contact with the

abutting second Ml ayers 48 of two abutting | ower

| ayer portions 32. Above this is a first R-|ayer 64,

wnlf R SR it g ARl R BORIE 0 e

strehditart & @efoored tRat thegrbe/Made e sita 113 paftioutarha Mataysed rédin is -

o R B s o SROAP 45 0 an e

infillwonipabité eatpplicdeonentidr ateptimeseither @thi eaghalagérsprefabricated or

morp RSP Sayh A ey S S ol B, SSRpEg gween

" the sbutlifpedgaacsedr e panels ¢hhap doin tirdna tretitd). dfftet bactslagarid laid

M) ayers 48 and.th infill c osite is | i on
coufiyy B Cpated fit SEBLRpS et el B Preasl Ars raRl e daf Bfpmple
using'metalolerpr ef erably each layer made in situ, with sone

of the resin seeping down between the abutting edges

50 of the panels to help join themtogether. After

Bef@radiie faajebonding thednfiltksarand iM-laysr 6® tpthetiafili frstiRdayer 64 in this

o o P Bt Sl iy p o
the Daduisitg of thee infill hbheysombratruura§8 and Ghit ds pglicdrtbithé top of the

e G IO e e e
infilletop birectuitad infill pertion ), iitd ehofenidining Mdyeld, i trayapplidéd to the top

struyucture 68 and this_is |l ped.tq the top of .the .
of te, il HobEchTED MPaisr ohe AR M in. Ao S, TRyoh,h v besis,
comprdssingi the :ra;@rf allwlb krallirg) gutche aitl bubbled Bacintimel Thip completes the
.. Struct infill rtipn 80 i he, renal ni .
joind? QLA e datgheingf v BPer Sarablplsg tiopriaily B be finished
off withneryaeotirest topcbat e 68. Again this is done on a |ayer

by | ayer basis, conpressing the layers and rolling
~out the air bubbles each time. This conpletes the |
Thejapeation oDfteeinfill borhpesite @daefléas thescrbation dfdhe initapbmpesiie from

 whigofre B8 568 il sl RS ere Ruiuned o Bipgrbeite i

25

30

35

credlifig tiedt] thely cotthiche reflatiedin tfe treatiomot thal infilb nPhis intean rtbah the
. ich the panels are forned. s if .fhere e b

mﬁlla ?'Fwﬂ'éppoc?ﬁﬁfe&/\@rt?'ﬁr EES eé\a—&ﬁonally-& Means that the heights of
various layers of the infill correspond to heights of other layers in the panels. In
particular, the top of the infill honeycomb structure 68 is level with the fop of the

.- exposed top first M-layer 54 and the infill third M-tayer 70 is level with the fop V-layer

52.

-Further, the top infilt structural portion 80, that is the third M-layer 70, second R-layer
72, fourth M-layer 74 and topmost V-layer 76, extend further outwards relative to the
rest of the infill structure 60. [ is about 0.4m wide, whilst the infill honeycomb structure

- 68 and lower structural infill portion are about 0.2m, or. a little less wide (to allow resin

between the panels 30.and the infill composite 60. . This means that the top infill
structural portion 80 extends as far as the exposed top first M-layer 54, the infill third
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creating that, they could be reflected in the creation
of the infill. This nmeans that the infill has simlar
properties to the panels. Additionally it neans that

WO 2 067ddht s of 25 various |ayers of the infiPCT/5G2004/000029

correspond to heights of other layers in the panels.

In particular, the top of the infill honeyconb

structure 68 is level with dfe top of the exposed top

first Mlayer 54 and the infill third Mlayer 70 is

M-lag®EY0 bbhdnng Ircetﬁeotpp\éxbaeear surfade 4800fRhe tdpeﬁrst Nhayercﬁyl The top

i nfi str n8l(%9that I S fB i | infill
Verar ey RIS Be ETde (e AxtBted 3o 4% 1P sirugtyral nf
poﬁi@ﬁ@ﬁb Mui ay ithihe t<§p< aagbrs brdf iss pandlsvbeig joinbd o \vemplete

$st of the infill structure 60. It is about

th%‘-"ﬂﬁ‘i%’@é’ VeSSt the infill honeycomb structure 68

and | ower structural infill portion are about 0.2m or
alittle Iess wde (to allowresin between t
(Aftgp capiating ofnhe) ‘FOVSgn‘gszPFB Premaed e HE? Lﬁﬁ&fs'dse and
expéiiedi dilgel lon e GhdatsiHY apd saded BoiaRinansd it faghéray-lager. This
t he exposed top first Mhﬁyg g t he |nf|g? third WO
is S3RIQYE FAUBSPE feoiRIp0R FEUPON BRBONSCSSEFY 195 SR ng
to the top exposed surface 40 of the top flrst Mlayer
54. The top _ V-l ayer al sg be eﬁf&?% tge
The,Gewstiuctioncelsther CveE 1?&50%6@6{6\5? fang Y tgbratpied can be
cafdidd dul filoR jﬁsﬂ&‘né"!ﬂﬁ@ thBQog QﬂeValHﬁK@h&héare!érréd‘lmlﬂﬂﬁl@ bfep after

bei ng joined, to conplete  the ou a ‘
compigfipa s @éﬁﬁde?lﬂtot??"?}‘l’ t WS Eopaily et [t\enﬁeaﬁf)h@? e banels are

coﬁ&émé@ﬁe déé edde mmd\ea"rﬁctem Rdgés ne@xBasRH m@aﬁ\dommdm overlap.
underside are sealed and |amnated with a fur
Iy ventilated

Thig. ragags . thah ipeoples de gt phavey &0 WK o8 GANSd; 2

 cohdidiRY uldeaiedie thereBe MASSANY shtty. SBreafitidlequisindritas therefare not

construction of the cover 12 fr ms(f arate panel s 3866
neggEsaRY. O Apehoet nesd B be ussr spapind 1hGrR figs PEeMeiRIn work
cohdiforisCdhdbdddes. al t hough the preferred finishing step

after conpletion is carried out below. This is partly
~due tothe fact that the panels are "connected edge to

Wi metHod ofiohk®ddtios dBe prefasiicdted pandls @P&Rﬁneﬂrtdgether to form
wi t hout over]| ap.

ant%]%Fqurmaa'mr&s@&araﬁamﬂﬁ%qw%ﬁ i aveliod Bravbft 4 PRy that is
makilg §rsraBfithted RERSD Yadtorp =pidi mihidal &bk IsBdia&ﬁéch ioafon site. As the

woylde CpBians, aus, AUy iesiagtorn B By o fiplesh B Aideme fhat the
struBtltal ety tdf ans cand thesfopmetVis Fethtaly Bimémﬁl t@fhat if formed on

constru [ on the prefabricated P?nel s are dh
sitg.o\Jdth{bis et hagl the entire job for completing a cover i Qso s orter, which

means cost savings.

The lower and upper layered portions 32,34 are formed fayer by layer in the factory o
suit sach application. The resins binding the fibres in each layer may also differ from
the adjacent layers, and fogether with the glass-fibres, each layer provides the
- composite plate unique mechanical properties. The composition and number of layers
of panels can vary from job fo job, within the scope of the invention.

| In this example, each lower and upper layered portion 32,34 is 4 mm thick and the
honeycomb layer is 60 mm thick. Depending on the size of the cover, the core

thickness, the spacing between the supporting legs, the self-wei_ght of the cover, the
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- layers 34, 80 and honeycomb sections 36, 68.
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20 an entire cover having simlar structural. |ayers.
This nethod provides a cover that is nmainly
prefabricated at the factory and mnimal work is

WO 2004067488 out on site. As the working condit PFEH§G3i4d/000029

quality at the factory is easily controlled, this

means that the structural .integrity of the. cover

thus forned is relatively éhperi or to that if.forned

on } site. Wth this nmethod, the entire job for
streAgthipdfethe Tgsia andvglass Bbrak sthesiigidityeof thehcader, thE coegusite plate

. cost sgvings. T l.ower and u r lavere Lt 0RS .
tic2%5 ¥ e ihor B amiGR® B el AT el el iy Giiar, the
hongyddmte ﬁ‘ﬁdkné&p br Qamb?n of ﬁd_aﬁycesibniay@i mﬁy hg inbeaked fasgreater

in, each.l.ayer, . also di.ffer from the adjacent. .
stropQper qoidi Vo DB e Pliie (R maifiBlLa pREpRY Qaiiiite tygmess
andBtreMgiasy préeding noeerpaspottingrlegs at theilawer sidecdfdine caler.

properties. The. conposition and nunber of |ayers of
panel s can vary fromjob to job, within the scope. of

Thel &&0s64 Pations . in live dbs&ibed asmbalimenachrel OMar wided Thednvention

| ayered portj.on 32,34 i mm t hi ck ,and th hongyco ,
covpryahe BBRINER i teRIrasE AR PHGTBI. {0 SRS ra1od fr 006 to
0.2 Q¢ 86 otHeP Qidties. eThe Bxtehsiek BE & lolvee layprdi pgtidre 8vesiativiehie the

supporting. | egs, fhe | f-wei ght of e,coyv t he .
uppSORYFSH PR R Ing 80 35 cshiDe Dvetor ot BR 46 Bl sidral Borton
80 hi&sd ﬁot_a?éi Oglln@?ﬁt E?Eaewe, diffe@nt 'rfrt@'gd ehoh ofhet ra];ad lamn_eme tvamd as

conposi te e i ckness or e number. of | am nates
desiied Tgnsfanda doreanhgondhe Bpe Rt Feslt Hd ore 1 shpRLforigh Fiuced
at iHERBGHIARNBIC! MdP&s\R$,3he Blehl beTot BEed i ieyeombidabisess, MY can be

be increased for greater strength or rigidity. Yet it
sloped- 3 so possible to maintain a common composite

thi ckness 5 and strength by providing nore supporting

ThegBAErEh chpren At Pas2ue1 nsed & Ae amiartie 3G 162 BB po tanic

The invention covers other possibilities as required.

o TRl B o3RS Rt g Ry v

- floafi®y o 12Fofmeédicoteding té ke dpediffation bhweorlethepts: the dnduddry or

reaplani tardari ARG 25 RN [ ARMri g gonding
of tl?jﬁ fa&@n‘semtl}e‘ ﬁbi@l&;ﬁ:éhdﬁegmram{jjdirMareki?tegaati,i testingsports 90 may be

sired, .for instance _.dependi ng on e . [
proyidaskin il cotmesie St B0 ah el e e pBiqiogib e, 68
as sho®n iVPIgegver, the steps do not need to have vertical

faces, but can be sloped. 15 The materials chosen for
"~ the cover need to be conpatible with the liquid in the

Theliafilkhoneycomb secfions 68 are generally slightly smaller than the space between
two adjacent honeycomb sections 36. This is to allow for dimensional tolerances. in the

* . fabrication of the panels 30-and honeycomb sections 68. As a result there is a gap 92

in between the .cut edges of the honeycomb sections .36, 68, and this gap 92 runs
along the fabricated joints between the panels 30. In an infegrally constructed floating

~cover 12, the gap 92 is sealed by the lower composite layers 32, 78, upper composite

- Tao provide a testing port 90, a hole 94 is.drilled through the upper composite layer 80
1o the cut edge of the honeycomb 68. Epoxy resin-such as that mixed with the catalyst

used in fabricating the panels 30 is applied onto the walls of the hole 94. A sieeve 96,
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The conpl eted floating cover 12 may need to be

i nspected and tested to verify that the floating

cover 12 forned according to the specification of work
WO 208£063408he i ndustry or 20 regul atory standar dsCiisG2008/606029

and after comm ssioning. To allow testing that the

bonding of the layers of the fibreglass and resin and

joints are, integral, testi®y ports 90 may be

provided at the infill conposite section 60 near the

preﬁélbct%g%ss@tf tt'?ehﬁoiaoél?)’i‘éqn@er% irfe® th@ﬁo%hQMaM‘ ti'fé @ap,5 if any,
The infill honey comb sections 68 are gener

betwaeg mq poig M gndrthe w!aﬁevet%e's dyrthex filled with ﬁpol(%n%&f'félyéh?" that

theRPRENE BRI Eél?‘iﬁe $6le 5@'a‘ﬁd'tﬁets%e%|96Wﬁh8rbondln%between the
nen3|ona erances. in th fabrication of

t ol
corpmﬁatleéam BQrimd H'@ﬁ@‘?@%ﬁﬁﬁﬂﬁh%ﬁléy Bgas afong petha gompesita layer
g0 kiSai® 9ap 92 in between thecut edges. of the honeycomb
sections .36, 68, and this gap 92 runs along the.
fabri cat ed joints between the panels 30. In an

‘Théggfeﬁgé ! eg?gﬁﬁngéﬁﬁg witH &ﬂdt&%aﬁﬂrﬁzeﬁp"@ fhelérocé&eoﬂﬁ%rtlng

IS Sea ower conp03|te ayers

thesignye omias h@l@ 94, prrsaytions argdakaundtde aljew e sty tamiock the
mte.ﬁ’rgal J?c?? loﬁhé’%fé\é\r@%ﬁa 'ﬁi’f’e%%ﬁ‘é? & bf 8@ sl@evehgé %%g be temporary

| t hrough th er conposite. |ayer
cloggebwifua plugf8 hichheay @ﬁt@yﬁdmeﬁway kpio% poftem f t@%é’ﬁe\éﬁ;%)
that m xed with-the catalyst 35 used in fabricating

the panels 30 is applied onto the walls of the hole
A raunben of lesd perts 60, (9D 2EB0MIe 674 POV IGIEoad Gpadawsitiops. One

suc{r}f ﬁa{ﬂ gqgcet. éf ﬂ%ﬁ.kang g %%sﬁf&ieﬁt U tﬂea%égﬁs@%fa?ﬁ 5|;r15@23 gg%ether
Howevers Mok thag@riegs mw@@d t gVe e sten acihelop efrfgsting positions or

in 363l e Bhe b8 iy, NP St e Bk o o
corprgiledayes SDaglbﬂwes;eswsr exserl @@/@G%JQQQH Arminple 109 és attached

1 G EPA R MIAPRIAGRIRY Tho S0 003 o)t

-thrqado@%@g sweven%ﬁsﬁ@ iaggfo forma ag) aidight pinti A firsleentbpea 9Tzr10mt 102 is
_corf?{?gféﬁ%'tﬁé‘ ott f:l%]f?l?b ﬂﬁiglé m@lm%tﬁé}%ﬂ:ﬁ%’t&l éx@dsbbio&llé T-joint

I nterna sl eeve 96. The upper_en
102 are conpecied ¢Ba m@ﬁsyée gaygso 104 gndia shytel yalvwﬁ Eh?)ﬁfugtoff valve
1oe9ﬁaé ¥"er8 R 1s St a@ f@,.L éarinBtiokPh o Ii?\etfhﬁ Bpuhyp@f. the
eeve er of test ports 90, for exanple,
are prOV|ded at spaced apart positions. One such port

'DUI%% eoamiddi 9{ ki théé cB@els‘l‘ﬁ fth& :pﬁﬂ\:EDZO'@)Slstdﬂgrﬂé?@ﬁn deiiver 8 gas, for

] Ol ne han one Is
exauale iaifreor mtrogw dotthe Qr@msed spagh sTeated by e Gapgd2 between the

parids 6'1(‘?3?@ %atﬂ'lg éﬂgF??eTﬁggﬁsgé Qe gﬁtged E@Qﬁv@ﬁ%ssure for

'S0 ate eeve are bon
“example 0.005 bar gauge (or 50 mm water head), and the shutoff valve 106 is closed

once a predetermined pressure is-attained. The pressure in the enclosed space in the

" floating cover 12 is monitored over a period of time, for example 24 hours. I this

30

pressure is maintained over this time period, the joints formed in the panel are airtight.
if the pressure is not maintained, one or mare joints is not airtight. The actual leaking
joints may be detected by applying a liquid such as a soap solution to a portion of the
floating cover and observing air bubbles from a defective portion of the cover 12. The

- defective portion of the cover can then bé identified, repaired and tested again to
~ensure that the joints formed in the floating cover 12 are not defective.
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conposite layer 80, all the test ports except one are
pl ugged. A nipple 100 is attached to the test port 90
whi ch is not plugged. The nipple 100 is screwed into

WO 20048067488 er nal thread of the sleeve 96 so asPCH/SGRINI000029
airtight joint. Afirst end of a T -joint 102 is
connected to the other end of the nipple 100. The
other two distal ends of th® T -joint 20 102 are
connected to a pressure gauge 104 and a shutoff valve

To téSiGor I’élaks shhﬂ‘kaquts; a V@cuuﬂrﬂﬁrebswea'n:hw beaded vadtead of a positive
sui t 0% nnection to a b rp?ﬁ] P

Presgier °8rc9’|'ﬂ9iyss BTGP Qaﬁ’@ec'é’\‘f%tr 32'3” & %aaﬁ'cm pansing.

Howeper, & Eﬂénttfv the ldefetive pgaidn df dhie covaratreesdd, aopositive pressure
dni.t&@%ﬁn t he eﬂg osed space created by the gap 92

and glip cli:ﬁgasggpﬁg PRA%GUSE]- t he floating cover 12.

The gas is delivered with a positive pressure, for

005 bar. ga or 50 wat er head
e P QloRuNEsPoper T 1 g B, (A desnp st hienaooed G o
prevﬂhmﬂrtyrdfvaﬁotﬁtoi‘ﬁhtm&%tomcdifeﬁssure in the encl osed -
space in the floating cover 12 is nonitored over a
period of time, for exanple 24 hours. If this

Alth@msmurr?ﬂe 84 d@lsﬁfotaﬁﬂmthévalﬂiové mnﬁnddtlrﬁaﬂttloﬁﬁ%rgdm%dh? ;the hole 94
i n the pane airtig i e
maf&eég F%‘?[Osnﬁﬁé‘te’qﬂf‘ﬂqm 38‘%‘8 nore joints is not

‘airtight. The actual | eaki ng j Oi nts may be detected

anoffly bR fo lootis e it GRS sghioh 60 as the

|nf|ibu;hbbmg‘ebmn@0[$aﬁg@élve portion of the cover 12. The
defective portion of the cover can then be identified,

repaired and tested again to ensure that the joints
A fultRém@itbradtiveter tHeomist lnsw&:r rbaldartﬁerme\éejseeﬁth\@ﬂan 300

WO 2Q04/0 8, PCT/ S 29 13 To Iest for
having, RIS o thé"%beﬁﬁgé" B 9 BRBHDRR AriLioaiAch the
sleewd 9Blispasitdd, (@ forfr £RSUPET 9PQS @h@wrﬁlﬂi Big. 6.he pressure

gauge nust be suitable for vacuum sensing. However,

to identify the defective portion of the cover with
The dlange 380108l tiewd |96EMaYBth dadmade iof undstals yeh eramples 6RR1 or

alurigy §68 186k 336 o) Fraramals e 3 R retdr & dbout
70 mm amdrﬁ thitkhess dm\abioatiB nam tb iahouids m’rﬁ OOt‘rhe sﬁé}y@” of the flange -
n.the. ab

300 Gl A, alfaforprelint Wayioansiteas Hsoatsd gripuitin them,

for ekinpledts it teast 70 nan diarheten a1hle>sléd%wlea$ @i mﬂal tArsidnaid an
al ternati stoloctethe

:nterg@rﬂ%% pE g gge,t f|°6 §X@HPies npyinal: tame er ?n the pre erreld efml'!toldlment

the internal pressure is to be 0.005 bar gauge. Thus the external diameter of the
sle_eve may, for instance, be 25 mm. The diameter of the flange through hole matches
the external diameter of the sleeve 96. Thus if a different pressure rating were
required, the external diameter of the sleeve 96 might change, and so would the size

- of the flange through hole. The sizes of the sleeve 96 and flange 300 are not limited by

- these examples, and the sizes of the sleeve 96 and flange 300 are mérely‘d‘esign.
choices.

- The sleeve 96 and flange 300, which are prejoined together, are inserted during the

- “formation of the infill composite portion 60. After the structural layers 70,72,74 of the

35 - Infill composite portion 60 are formed, the hole 94 is drilled. Catalysed epoxy is applied
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infill conposite section 60 is made. 15 A further
alternative for the test ports is to provide the
sleeve 96 with a flange 300 having an internal hole

WO 20p/@a¢8 whi ch the sl eeve 96 is positioned arRCT/BGAA4/a10029
the sleeve 96 is welded, to forma test port 91 as
shown in Fig. 6. The flange 300 and sl eeve 96 may both
be made of metal, for exanplde, steel or 20 al um nium
The flange 300 is toroidal, for exanple with an

to tﬁé’%‘l@ %f m@ﬂ&bm 8hd @I‘i@@leevé @sﬁm:ﬁmﬂea duehotkaetrrd (0o void

t h f T
betaeRn fieeol 86 268 SaRYCE6, 5 TRIGGH HFF EROIS) rbNgeRh atalysed

epof\(* Is a?éb Applied it ae Lﬁigﬁeg Swi At Sddeh@ifaces oﬂthfa Aangx 300! With the

| east 70 neter. The sl eeve

testnorc il iseeiadh I Wi Ine SiFeus SRIPHTd 20 e Wiy down info

the % ﬁnt:lr’(ﬁénﬂ%ﬁbe @b@r@‘if? Eonth& Wilte tHe ®bemnggr 74, another set of
di ment he internal pressure is to ,be Q

strushwal g’m@@assrlaygrq A6 7@leien@rman Vet andosroiing tap J@v@e 300 to
sec theftgéthdr ougﬁﬂ:ﬁﬁhe I*Pc%tlﬁé Or 1Nl A58 ES ‘str@rﬁgtﬁé}? the structurai

ange t ol e mat ches he ext ernal di aneter

Iayqrﬁgpfsm@eqyeggz BraHNd theat%tfm it Qncgsakthe séﬁcﬂﬁal work is
conlfi, 1 W80 ErA 16be bsciy s im0

Comniﬁ!t@ﬂ@ﬁffh%i'll@ aﬂ%ﬁfoi@%'ﬁgl%ﬂer?ﬁe sl eeve. 96 and fl ange:
300 are not limted by 30 these exanples, and the
sizes of the sleeve 96 and f| an%gl 300 are nerel

In tﬁéﬁ"‘@?ﬁdimﬁﬁcﬁscﬁép‘””ﬁﬁé:igl & e pluAlitg phdrimages 38h a}'/e;,\mcaqqled on
the?cf r%fq% &t ti?@eéd?l@i: 12,2 1fesbRPAH (pRfs 40k g BFdWed so that any

Ion o infill conposite portion

ilquméatshaqﬁﬁ%redltm egrard ZJ@JdizaSﬁheaﬂwﬁ fiom the Sf?ﬁagﬁ |t"ﬂnk 10 (which

ent%%ﬁﬁﬁxzigb erEéa’iﬁfén‘aHéb eP rapfr bP ﬂi@ﬂoatﬁ‘ugec\%@lé 8 82?1’0%’:?2%5:3) or rain

ta se IS a
watpCTpISeiEioan JR UpGmElsiad IealBo aVEE 131U I fAPrgatog, Fan be
drat:@& oBt. egg gﬁan‘l th“l%ﬁ lig eshrizefeR ih1Ré shkiBrRanifer 2@ & @istlport 91,

t ween t and sl eeve 96, as done in the
i.e. prdng @J@"%ﬁ@%ﬂ?ﬂ@ﬂ tegrsigsvedy- epoxy is al so applied
to the upper, | ower and edge surfaces of the flange
300. Wth the test %ort 91 fuIIy |nsert$ , 1.e. wth
Afterpisesfiasting asendPt isolerped red Biel Syrporing, fgawerk i semoved, a
plurtaElg cl'i‘%'o&tlgﬁs Hﬁ’édﬂ% Helfv fﬂeaébﬂﬂ)ﬁg@a arked di“@!hb&@\heﬂ\bdrface of the

M| ayer 74, another set of structura

cover pe. eHTeé§§qS§'9§$ gre; gpaced Aparisas gasied- Bbﬁ?cfbweﬁ*%ﬂ'b grftple 95 is
dnHHi gﬂ: 4R é’t%tdrﬁl |a§a§ lJ:f2944‘= 54 %ﬁfheﬁsbﬁxbr 92. i Vhayer 42 in the

cover 2, al SO tO streng

ares tarqmqugh hqlt—a?ﬁ % r@ﬂowqqie ifwf @fevlq,_usgrr%}% oygreaqo gga extendmg
'bey%ﬂ& ttQ/Q Jsze% sﬁéﬂe Bﬂ &gﬁé% ?ﬁ?L’gﬁégﬁgfg@ggoz mbﬁh@?d on the
slegyecdF md ey@@e premngd)tqg@ther such that w!?en of the s}/eeve 99 is inserted
into the hole 95 unti! the flange 302 is in contact with the exposed area of the outer
MHayer 44 and the upper end of the slesve 97 is about flush-with-the inner M-layer 48. '
Catalysed epoxy is applied onto the exposed area of the outer M-layer 44, onto the
surfaces of the hole 95 and also on the upper, lower and edge sutfaces of the flange
302. The sleeve 97 is then inserted into the hole 95 until the flange 302 is in contact
with the exposed layer 44. Each drain port is mounted and secured onto the cover 12
by forming a set of structural layers of fibreglass 70,72,74 over and around the flange -
300 of the drain port 191 similar to layers 70,72,74 over and around the test port 91.
Once the structural work is completed, a V-ayer similar fo fayer 42 is.formed over the
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10 conplete the finishing and protective layer 76. In

this enbodi nent as shown in Fig. 6, a plurality of

drain ports 191 are provided on the |ower side of the
WO 200490140919 cover 12. These drain ports 191 ar @CHiS6uoedoono2s

so-that any liquid that has entered the cover 12,

~such as the liquid fromthe storage tank 10 (which 15

entered during mai ntenanceldr repair of the floating

cover 12 .or otherwise) or rain water collected on the
expoHRAATIHLBELES the %Mwﬁld%il\(ﬁfuréﬂay@#é Vﬂgzlmsarfd&héle@(@ﬁsmrea of

. can be drained out. Each drain port %1 F fabricate h
layer 4t t9ccarapletentientinishing and dg?teﬁfmet cagt on fne,lowes,JuFgee, of the
floafilPer.302 wel ded to a sleeve 97. 20 ﬁwter t he
‘ édoatlng cover 12 is formed and the supporting

formmork is renoved, a plurality of positions

of c%fs?céﬁﬁb pﬁ ltfﬁg\’eﬁlﬁﬁdlﬁ\%ﬁt &i’ov@f 18st pHMsIAChrRNdrhifepdrzvien together

surrace o cover . These positiqgns are s

Otheaﬁmttoda@erd@mave@ﬁvemneearcwo'&o?ﬁt P‘?}Fﬁ 9% withput sy ﬁ%ln ports 191

~and %t klrp@r E%QH%n@ﬁa? Havs to\ﬂlé dr n*lo?& HrSin portd 4AGitRUP hny test

cover ayer in the area around each
POﬂﬁQHe 95 is removed, if not preV|oust done, over an
area. extendi ng 25 beyond the size and shape of t he
flange 302. The flange 302 is positioned on th
Furthprewariations inglidenprgviding g peyesinaiagta gighi samber @ﬁd/Ph qinwater
dram\i\é“t%'é1 \n}i’lfc#lgﬁﬁﬁﬂcﬁﬁi{g sABbleStol B34 Wighout Etrﬁoﬁ i'ifﬁe el& ndad not be

I's I1n contact with the exposed
roungt end itgnay he sqa@rﬁefectaagu@y efr of pryrihapRdoy ifag i @nyrstorage

tanit $}ere§%gg&¥?o \%Zciho‘h &9 HBVJH hﬁ§ﬂéa&"0f forfnftRy thBerill MahdWis sections

% poOXy 1S plied onto the exposed area
on sije, thpee eeH! bemfalwateﬂ@tt fastorhe 30 surfaces of the
hol e 95 and al so on the upper, |ower and edge surfaces

of the flang 302. The sleeve 97 is then inserted '
Whilehedlytane embedigentaf ja) caves andangibod o liss conplitighion Bave been

des&*ﬂeﬁ bhe BrRRIeH ih aadai, 4t lsE%CBedDﬁdlé}sﬂé@ﬂtmaﬁ rﬂ’Qr\Wtoﬂdnges

secured onto the cover orn1ng
-mocgﬁqaae@mam VArAHens Coy dfbieUP@Eﬂ f&s@e Peesent veption Wﬁfﬂﬂiﬂ departing
ﬁnnam@qﬁgpébﬁmBMQnﬂgm1300 of the drain port 191 simlar
to layers 70,72,74 over and around the test port 91.
35 Once the structural work is conpleted, a V-layer
simlar to layer 42 is. forned over the WD 2004/ 067408
PCT/ SG2004/ 000029 15 exposed surfaces of the newy
~laid structural layers 70,72,74 and the exposed area
of layer 44 to conplete the finishing and protective
coat on the lower surface of the floating cover. 5 O
course, although this enbodi mrent shows test ports 91.
and drain ports 191 together, other enbodi ments may
have one or nore test ports 91 without any drain ports
-.191 ' T - '
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and yet further enbodi nents may have one or nore drain
ports 191 without any test ports 91. to Further
vari ations include providing a cover having a slight

- WO 20e4M89e408and/ or rai nwater drai nage, which is PCT/SG2064/000029

particularly suitable for a tank without a roof. The
. cover need not be round and it may be square,
rectangul ar, or of any shapg for fitting into any
storage tank or reservoir to function as a cover.
CL@R@gead of formng the in-fill sandw ch sections on
e, these could be prefabricated at the factory. 15
Whil e only one enbodinent of a cover. and nethod of its

constructijon, have bee descri and i I ustrat
- GotR NSl Pienay Bud 2l nafel 36 Rodld vy fof i degiC Sotate tank,
the ﬁedelfdoa@hsmgs*rst REd \satoif mmmsdﬁ ¢batabewikmeech cﬁhél’nand wherein;

pr K eR‘wl m@ﬂ\t Il’le?s? gﬁ“ _eE {e_ntj in_tf _e_p anev@gtfgzp[g%gke%gg%rs? side Iacmg
the B@’dnﬁ@d?ﬂw 000029 16 CLAIMS: 1. A generally planar

ot PagechEhRortio hes ga rERnLBins Pl fhe Banal filiduerspt i tess

tharpﬂfetemﬁormeqwgttmﬁomrah@ each ot her, and wherein: 5

theflr on has an, ext ent |r1the | ane of the
parlgs fi 80 OP%@§@“§XBQSWW‘F§‘ on sRId et §i98- porti on: the

second portion has an extent in the plane of the

panel i ch exten ss . than the ext t
2. f| & Pang] aceeiding iR ﬂ'ﬁe" f"'( &0 o5 secRd rPé’ %‘&fa"d the

exppssd ;b@ﬂo@emeadsiari theStaysdréiénd thé@dge of\me%bn@pmbm ng
to claim1, wherein the second portion has an edge and

the exposed portion extends all the way around the

3. edge gahel BEcEHER: V\gntd S8t 1108r 23 whBrdlAntRe REICPorEibN s te0 laminate
claiml or 2, erein the first portion is a |l am nate

sugWIe r ycture. 4. A panel according to any one of the
preceding clains, wherein the first portion is a
gla s relnforced structur

.0 5. A | to .
el FEeRIHInG o AR P Loy PrRCSIRR ST, wt?égﬁége ft portion

isa glass remforced structure.

5. A panel according to any one of the preceding claims, wherein the second
portion is buoyant.

6. A panel according to any one of the preceding claims, for use with the second
portion being above the first portion.

7. A panel according to any one of the preceding cleihius;,\ wherein the first and
second portions are continuous.

8. A panel according to any one of the preceding claims further comprising a third
portion in contact with the second portion on the other side of the second portion from
the first portion.

9. A panel according to claim 8, wherein the third poriion has a first side facing
the second portion and an extent in the plane of the panel, which extent is the same as
or less than that of the second portion.

i
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portion is buoyant. 6. A panel according to any one of
the preceding clains, for use with the second portion
bei ng above the first portion. 25 7. A panel according

WO 1084/8670%ne of the preceding clains, wherein PEESERM04/000029
and second portions are continuous. 8. A panel
according to any one of the preceding clains further
conprising a third 30 portjon in contact with the
second portion on the other side of the second portion
from the first portion. 9. A panel according to claim
8, wherein the third portion has a first side facing

10.t heAspaehdcpardingdo olaich &ror & tvehrgreinnthe Hhirg partiendiast adaminate

nel, which extent is the same as 35 or less than

str Gi - of the second portion. WD 2004/ 067408

PCT/ SG2004/ 000029 17 10. A panel according to claim8

127  BoeRERG S, UREte 5o of B 3 ortion cacn e
an \BRBNEIim thd Qldnéy&frtﬁe q:‘afnéh@nd ke élxﬂ@ﬂt of te agemohmeetfhurdhrpomon
xtent in ane of. the pane ent, of the
furfigipaet quvHESTY S ot it Bulesn v e <y S tafial of the
 third QoI iarddt @i detoh@pertibhan the extent of the layer of
the third portion nearest the second portion. 10 12.

A panel according to any one of clains 8 to 11,

12. V\heAqiarmet hecordiing ¢ BAY bheBf Liings 8abals wherei arecthitd portion is a
yct ur 13. A panel according to any one of clains

9|583f“°19’fﬁ!"2’eg\fertf@?t€f% the third portion has the sane

construction as the first portl on. 15 14. A panel

102081 000, 1008y B LD P EGEH 00 AT W o s

theQfanid ¢oriz@0etion ab':'theﬁrs@bb\mahlty of panels, each as
defined in any one of the preceding clains, 20

wherein the first portion of each panel has an edge
14.9engar @érle}’ a@{:érbmgctﬁadnyt &nd bEthe! praeedihg ddires paherein &rdpanel is

gensSaly S ERISERERY e PerB i I T of “phnel 5 aboordi ng

to claim15, further conmprising a plurality of infill
15. A plurality of panels, each as defined in any one of the preceding claims,
wherein the first portion of each panel has an edge generally orthogonal to the plang of
the panel, and the edges of the first portions of adjacent panels abut each other.

16. - A plurality of panels according to claim 15, further comprising a piurality of infill
portions, each infill portion extending in contact with the exposed portions of two

- adjacent and abutling panels.

17. A plurality of panels according to claim 16, wherein each infil  portion
-comprises an infill first portion, an infill second. portion and an infil third portion, the
infill second portion is sandwiched between the infill first portion.-and the infill third
portion, and the infill second portion has the same construction as a panel second

portion.

18. A plurality of paneis according to claim 17, wherein each infill third portion has
the same construction as a panel first portion, inverted.
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portions, each infill portion extending in contact
Wi th the exposed portions of two 25 adjacent and

WO?[R% 44&9 panels. 17. A plurality of panels a%%%s‘&zﬁ&mooozg

a|n116 wherein each infill portion conprises
infill first portion, an infill second portion and an
infill third portion, the infill second portion is
sandwi ched between the infilt8first portion and the
infill third 30 portion, and the infill second portion

1%has A pluralityref Mamtding]tcaﬂalm tanel 8, heosid in gaott inblhpor

e B0 ol rinbrfon R SBEFH e Hal® of b Gl between

the (il portivin exterris andeiivel sife fes:ingdheunfmrsecmnd/mmmﬁ. 35 WO
2004/ 067408, P 004/ 0

/S 29. 1 lLi f ..

o ndng SEicn otk iaS Bt 7 the et o e B Pebledt whi

infitilﬂfeidelh emhasf, wtthfht exdnitlis Idgbltthai\ the refctr?mnohae irefil! thaird portion;ra
e an e . S etween e

L Raderd of g, BRI i PR fipt, severadt by the B SEbnd ¢

exthifdeimm ahfén sentactdvifrooditep Bulfiesaf tex pamdls betwidea wihieln ¢h

FteRe anel s between whi, 5 infill panel extends,
ARt ent is less than the extent of the infill
thlrd portion; a the extent of the infill third

ort overed by th |nf|I r exten
200t o Bk oE SRR RoRI e fr.eBim 10 wHn ePendahl oM Al feact o
' wH&émlletﬁ@ e&dférﬁ;bftthe tlmn?irdqﬁlrgmd&ot &veréd Ctj)& ttﬁe Unfill itaécorﬂf [
anel s according.tqo claim ndent, gn at .
xS, Sotp i Bontach e, et SUSiBcER &1 e epiet At igportons
paﬂ@rstbesmeéwmﬁnwmﬂﬂ pandllegtenati | | second f  extends
onto and in contact with outer surfaces of the panel

third portions panels between which the infill panel
21ext Q@%&xral\iltz o?.iaanéks Féicbhﬁr%iﬂgt % &hinPao e&mnamhdemgaﬁ at least
cl ai m 20 en de | east

11 herin e SHan GTin IOHD PP SRIPR PR AT BY STl soome |

is iimfdohtacs ABNRAyérs bﬁthegpmttﬁﬁd p&rfﬁ]d'ms| iPat@esn Q\fhlélhﬂ‘le infitl
i ons_ be ch t

anel third we
xbETis b Bendne (avar ok $Roh GBpspanbie firphass cway g the
mﬁxﬁdb@ﬁ@ﬁst away fromthe second portion.. 20 .22. A
plurality of panels according to any one of clains 17
to 21 when dep<

22, A plurality of panels according fo any one of claims 17 to 21 when dep¢

~on at least claim10, wherein each infill first portion has the same constructior
panel third portion without the layer furthermost away from the panel second |
and inverted. |

23. A plurality of panels accoi'ding to any one of cfl'ei‘rln'é 16 to 22, -
cerhprising' ,

one or more drain ports extending from a boundary between said. infill pt
and one of said panel second portions.

24, A plurality of panels according to claim 23 when dependent on at least claim

3, wherein said one or more drain ports extends from a first end thereof flush with

an inner most laminate layer of said laminate structure.
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on at |east clainlO, wherein each infill first portion
has the sane construction panel third portion wthout
the | ayer furthernost away fromthe panel- second 1

WO Wndod7miser t ed. 25 23. A plurality of panel s aIx$GHNg000029

to.-any one of clains 16 to 22, conprising: one or
nore drain ports extending froma boundary between
said infill p( and one of gaid panel second portions.
30 . 24. A plurality of panel s according to claim23

251" i, PERGIRAER wafits SHosu ikl piy g o PRFICIS B d. aftein the

pahlals&dmmréfabnmﬂed balere bemt ihidmndajbinet apgsthaf whaiedthey are to be
gam nate structure. WO 2004/ 067408 PCT/ SG2004/ 000029

US§8- 25. A plurality of panels according to any one of
clains 15 to 24, wherein the panels are prefabricated

2" O S b S35 15 205 A i by Soang

clamyzsomserodepehabntionl id=at S4inpNn6 a'oﬁnérdjonmn‘rsng claim 25

when ndent on at ast. claim further . )
ot 1 e dpstPl st SR ding Pivga oindark nbitesn, ther o gortion
antlanedstrtlie pateieetoddportiohs td amp ekfehRil sudadé 6Mehedtf hBanel third
anel second portions to an external surface of one of

POt panel third portions. to 27. A buoyant cover for
ali qU| d storage tank conprising a plurality of panels

accaoy o) an one of clainms 15 to 25, . 28. t ho
2701 o PHPTRT NP k| 7 L Sigeer G Cogfitisie. BOlyEIY of panels
acperdirigto bagend ef claifreris tbesuse in formng a floating

cover, wherein each panel conprises first and second

portions in contact with each other, with the first
28p0r tA et cﬁq@ihmg angslbraigvormgenanlipplaal bubyant Panélk adgether, for

d f t de f th
usf g GRS, 7 IRl aveor b 57T RERel SHEP g Tk age] second

| pottiche iri cortadtth@aah ethet, wiltethedinstiportivhi of katl pandl HasingemSextent

in BB Lara HE e 5k B 452500 i G 4650 prton

of each panel having an extent in the plane of the panel, which extent is less than the
extent of the first portion; and the first portion having an exposed portion on said first
side, and wherein the plurality of panels are placed together, with adjacent panels
abutting each other, the edges of the first portions of adjacent panels which are
orthogonal to the planes of the panels being in contact, the method cbmprising the
step of: | '

inserting infill portions between adjacent panels, the infill portions extending in
contact with the exposed pottions of adjacent and abutting panels.

29, A method of joining a plurality of generally planai buoyant panels together, for

use in forming a floating cover, wherein each panel is as defined in any one of claims 1
to 14, and wherein the plurality of panels are placed fogsther, with- adjacent panels

. abutting each other, the edges of the first portions of adjacent panels which are

orthogonal to the planes of the panels being in contact, the method comprising the

step of: ' '
inserting infill. portions between adjacent panels, the infill. portions extending in

contact with the exposed portions of adjacent and abutfing pane!s. '




20 side, and wherein the plurality of panels are
pl aced together, with adjacent panels abutting each
ot her, the edges of the first portions of adjacent
panel s which are orthogonal to the planes of the
panel s being in contact, the nmethod conprising the
step of. inserting infill @rtions bet ween adj acent
panels, the infill. portio extending in 25 cont act
Wi tyh X por.ti f nt but
30. panerpétng c%%ﬁ réto orglgh\iv élg%ﬁ ;Ehlrg e!ts &
prefgterivated| dffysitp bafose b@[@ymﬁonpdmummng tmgethlaer for use in
formng a floating cover, wherein each panel is as
defined in any one of clains 1 to 14, and wherein the
31. pl érmgthed acsordingiel alaim B8, furtherawmposiog therstemirrdeediop e nt
r
e B B g B P90 Pl 8l
generRied el of the panels being in contact, the method.
conprising the step of inserting infill portions
bet ween adj acent panels, the infill. portions
32. ox AdRINPR aGcArding RtaRY PNt Haimsesds aw@wr%mq igsryting step
compgegcent and abutting panels. 35 20 30. A nethod
according to claim?28 or 29, wherein_the pluraljt
paRBFE0 Aiest sl eppie tecated Rariansiot plpesns andy @buf?{ Ing
panglganti oned for joining together. 31. A nethod

‘or 6860 Al bftaSrier i etor BB TR L Bler e 2 S Bos

surfaces of said panels and cI eani ng away dust

33. geR égltltuc?noga g% n%qé fla?i% mﬁ%ﬁgﬁﬁér{&ﬁ&upﬁﬂﬁ%p\? % %f r%IEr?g}/ R Snfil

layet@ftqnplaslegﬂt@ramve@tra first infill layer over the
exposed portions of adjacent and abutting panels; and
placing one or nore further infill layers over t he

34. f i Agnethast gacprdingyte clainy 38 onB3,avhereie at ledd thefiratdefiidayer is a

nonﬁﬁﬂﬂﬂ&ﬂﬁgeﬁo claim 32, further conprising the step of
ltng each infill layer after placing it to renove

al r 34. A nmethod according to claim32 or 33, wherein

'35. at Alnﬁﬂt%d éc%rdfrtgr@ tanj( Bhd bf clém’f\)é 2B td 84,3vheRGR tHeaaEne@,ta%i
35. A meét hod according to any one of clainms 28

.secup%y gmed\m)@tt@r RY PRGPIS WRENING ¢fyjast one side of the cover.

. 36. A method according to any one of claims 28 to 34 used to produce a buoyant

cover as defined in claim 27.

37. A method according to any one of claims 28 to 34 being a method of forming a

. floating cover.

38. A method according to any one of claims 28 to 37, wherein the panels are

securely joined together by people working on just one side of the cover.

39. A method according to any one of claims 28 to 37 further comprising the steps of:

‘placing said plurality of panels on a form work;
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- securely joined together by people working on just one
side of the cover. 36. A nethod according to any one
of clains 28 to 34 used to produce a buoyant cover as

WO 2004068 in claim27. 37. A nethod accordlngP€Eﬁ§HV“@W@w

of clainms 28 to 34 being a nethod of formng a
floating cover. 38. A nethod according to any one of
clains 28 to 37, wherein thet panels are securely
j oi ned together by people working on just one side of

the{o‘?rﬁr‘étgéa?ldﬁgﬁei@t wpdgecording to any one of clains

rrpr'i sing the steps of: placing
sai erpdvingsdid jormfwarkinel s on a formwork; WO

2CO1R3 B8 L A0 g 40 L A 9 o

ong sidaiohtheswower.pri or to the renoving step is
acconpl i shed solely from one side of the cover. 5 40.
A nethod for testing the integrity of joints in a

40 £ oatmetgocbfw desting tiveeiotdgyitysof jqzinba licah iflogtingf cqvanfdrmed by a

o0} e g boS bbb OGRS Meast
c!aumnérmr dequadidg i claim 25 of 2awhen I:iapem;ieﬁt amdt &8st claims 8 and 16,
corﬁgﬁg? [.sing: 10 providing at |east one testing port

ing froma boundary between the infill portion

and ]?mv'elirrgfatﬂet&st pae Estisg pon exteordingoimen hd)_dLhdgM&lmgn the infill
v 53850 br 8 BB Pl b1nd BBt B G B
pamed ¢hinfparfiomst esting  ports and the outside of the

one ol afessule Birdibnlsy o5y hS B hg B RR 5HE B vk oo
porltS(;mcbthEautbsieocﬁf thefleow.amver and if there is a | eak,

e . . S

coavaribg ¢ B Blenk Kl Folid ooy M dei e e
testing peniseartd the ottsige ofdles couemparmly a gas into the one

t esfflﬂ{@ RY & Qridélﬁ}f)ﬂnéﬂn% Igék.t he testing ports at a

predeter m hed pressure.
41. A method of tesfing according fo claitm 40, wherein applying a pressure
differential comprises pumping a gas into the one testing port or said one of the testing
poris at a predetermined pressure.

42. A method of testing according to claim 41, wherein said gas is air or nitrogen.

43. A method accordlng to any one of claims 40 to 42, wherein applying a pressure
differential further comprises sealing said ane tesling port or sald one of the testing ‘
ports at a predetermined pressure.

44. A method of testing according to claim 43, wherein determining if there is a
leak comprises detecting if there is a change in pressure over time in said one testing
port or said one of the testing ports.

- 45. A method of testing according to any one of claims 40 to 44, wherein identifying
the leak comprises applying a liquid to portions of said floating cover and obser\nng
bubbles formed in-the i:qwd due to a leak.
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42. A nethod of testing according to claim41l, wherein
said gas is air or nitrogen. 25 43. A nethod
according to any one of clainms 40 to 42, wherein

WO Bplegiosg a pressure differential further congr/bGmed/606029

sealing said one testing port or said one of the
testing ports at a predeterm ned pressure. 44. A

met hod of testing accordingy,4o claim43, wherein
determining if there is a 30 | eak conprises detecting
if there is a change in pressure over tine in said one
testing port or said one of the testing ports. 45. A

46 "et AGAethbd beeblintpactefdidliongaiiols Whebsin said liguid iss séapt o

44, wherein identifying the |eak conprises applying a
solufigfui d to portions of said floating cover and
obserV|ng 35 bubbles forned in the liquid due to a

ak. WD 2004/ 067408 PCT/SG2004/OO Q29 %%ﬁéG ﬂﬁ
47mst Adaetbed phieslingaceordipgiorny el Slaimg 40 frtheccqraprising
providity Qsibévé‘msééﬁpat 1843t %é ‘Pébtlné pért to épﬂl?‘ﬂ'i@?rs%fsuréﬁtﬁﬁera@al to

according to any one of clains 40 to 46 urt her

saig ghigeptonegiestiiooraHi ng a sl eeve in said at |east one
testing port to apply the pressure differential to
said at | east one testing port. A net ho

of . :
48 esty rngthg@ @f)tegt:mq;a@qg)r@n@ OHY U Qf|cg:;|r,xp§ Qdoﬁ% wl;ereln‘there isa

plu\“él@i @r'tfie {d48h pbits 8nd APbIN el béale® bis tREpleBSUicNIKIONtiS is
but One 1s sealed as the pressure differentia

- applied tasitoBs: to that one.




