FOR LETTERS PATENTUNDER THE PATENT COOPERATI ON TREATY
FOR | MPROVEMENTSI N CURED | N PLACE LI NER W TH | NTEGRAL
WO DNER4T7MPERVEABLE LAYER AND CONTI NUOUS METHODPCFUS2004/036625
MANUFACTURECURED | N PLACE LI NER W TH | NTEGRAL | NNER
| MPERVEABLE LAYER AND CONTI NUOUS METHOD OF MANUFACTURE
BACKGROUND QF THE | NVENTI ON [ 0001] This invention
relates to cured in place liners for trenchl ess
rehabilitation of existing conduits and pipelines, and
nore particularly to a cured in place liner of a resin
i npregnable material with an integral inner
i nper neabl e | ayer continuously nmanufactured in desired
| engths for trenchless rehabilitation of existing
conduits by pulling in and inflating. [0002] It is
generally well known that existing conduits and
pi pelines, particularly underground pipes, such as
sanitary sewer pipes, storm sewer pipes, water |ines
and gas lines that are enployed for conducting fluids
frequently require repair due to fluid | eakage. The
| eakage may be inward fromthe environnment into the
interior or conducting portion of the pipelines.
Al ternatively, the | eakage may be outward fromthe
conducting portion of the pipeline into the
surroundi ng environnent. In either case of
infiltration or exfultration, it is desirable to avoid
this type of | eakage. [0003] The | eakage in the

G . o . .
N T A Ok BRTY
itself due to nor ' fects of
conveyi ng corrosiUgbgﬁggﬁgggﬁbghﬂg§zﬁfaI. Cracks at,
or _near pipe _joints may be due tq_environnment
CURBATY PEACE LINER VoirH Ky THGRAL JNYER THVERMRABLE LAYER

| arge vehicles on the overhead surface, or simlar

nat ur al ANDrEONTAN QUSMETTHID QF MANMFAUENRIuses.
Regardl ess of the cause, such | eakages are undesirable
and may result in waste of the fluid being conveyed
within the pipeline, or result in danmage to the
surroundi ng envi ronnment and possi ble creation of
dangerous public health hazards. If the | eakage
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continues it can lead to structural failure of the

existing conduit due to |l oss of soil and side support
wobosshe77sondui t. [ 0004] Because of ever i ncreaBCTyS2004/036625

| abor and machinery costs, it is increasingly nore

difficult and | ess econom cal to repair underground

pi pes or portions that may be | eaking by digging up

the existing pipe and replacing the pipe with a new

one. As a result,various nethods have been devised for

the in place repair or rehabilitation of existing

pi pel i nes. These new methods avoid the expense and

CURIS & &éﬁ%ﬁ%ﬁﬁﬁw HNERAMERRMEABI IEAYER
PIbe OF \RIPE Iﬁﬁﬁs 8F ARG GO TIEeNt

i nconve e pu urlng construction. One
of the npst : ] > 8PS trenchl ess
rehabllltat|e-

i : in w de use
[0001] Ipf odgds %glg}lggg :Eer gflgtg (f) ocr ?&%}a}? ragé: ngsSfO? %gpgf@teé {\e%\aﬂ}htatlon of
ex1st1ng ?81111956511% H\%ﬁ floDafld :ﬁ:k?re %%&@aﬂﬁtolﬁ% 2uidBin PIRE liner of a resin

ents o are I ncor porated herei'n by
impregh@bler emeatrial OQ@ﬁl] am irtegisl amdeerd ipipaonéaide oﬂa}tehe continuously
I nsi tuform Process an elo Ciat ed flexi bl e tuybul

manufegtuseds &y desiegsl fengtsolpn Bendiess| wphabiligdlion; pp S |%°ﬂdr‘11ts by

th an outer inperneable coating that has
pumng)]éle%d'lﬂ‘b?fé\%at ed with a thernosetting curable resin is

o T2 S8 LS LB DS g
under%éuﬁd‘ﬁ%%%,l sl%%hté% slah%éf? 9% ﬁg%rssb@ﬁn%%ﬁﬁfpes aater lines and gas

escr Insituformpatents. In

lines thae agy ehgleyedpfecessductiagi Ahidpriespienty apgulredfepmrtdw to fluid
interior of an everted |liner presses it against.

and
leakagenfldie éﬁ@@g@ maytbejnmiard frem hesnvaarmgrianisy thedrtepper popducting

poriofe e W wpb iy itRpARedl B8 JhdBep F0] e Bl SRR pauciing

portlol'i %? 'ﬂ'ﬂa hiTBLEO RS Btk édrﬁﬁfndhﬁg enviRRingan d lih t31th duse of mﬁﬂtratlon or
l'e and using a separate fluid inpernmeable inflation
exﬁﬂtﬂahadde:s dasirabliodo aweid this typeefleakaget hin the liner to
cause the liner to cure against the inner wall of the

[0003 EXi Tthiergaligpeh Ithtﬁex@h@cdﬁr&hmmayrﬂ»eemaab emptmpee msstdtaélon of the
generally referred to as "cured-in-place-pipes"
originglpipeiing, s deterigrationnel PRTEE IteALF GHe 1o npaRel A, 6 the effects of

conve AL FAPE, ERNRR 0o Py AP e o

environment conditions such as earthquakes, or the movement of large vehicles on the
overhead surface, or similar natural or man-made vibrations, or other such causes.
Regardless of the cause, such leakages are undesirable and may result in waste of the
fluid being conveyed within the pipeline, or result in damage to the surrounding
environment and possible creation of dangerous public health hazards. If the leakage
continues it can lead to structural failure of the existing conduit due to loss of soil and

side support of the conduit.

[0004] Because of ever increasing labor and machinery costs, it is increasingly more
difficult and less economical to repair underground pipes or portions that may be leaking

by digging up the existing pipe and replacing the pipe with a new one. As a result,
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pull -in-and-inflate CIPP installations have an outer
snooth layer of relatively flexible, substantially
wo ppsowEabl e pol yner coating in its initial steCEUSINQ036625
outer coating allows a resin to be inpregnated into
the inner layer of resin inpregnable material, such as
felt. Wien everted, this inperneable |ayer ends up on
the inside of the liner with the resin inpregnated
. layer against the wall of the existing pipeline. As
varioyshigethoggilive heenalevissdifas tld ineglaca rppac er wehdtiilitatibe of existing
. 1.DI ine, the pipeling is pressuri.zed fromwthjn, L
Plpehﬁ?%feiéﬂl%sﬁ|‘§?wuﬂeﬁ}°@§ ﬁ&"@ﬁh%\?g%}ss Rng ﬁ*@%r,ds §§F&?13é%d Wb gigging up
and réfladih the ph¥ 6PpIeCkel iRy o AIRLY ¥n® UHBIALY il RnBlHBEE to the
~and conformto & interror surface of the existi ng
publipidpshg nenstBucteonof Qreeof elsd mdssisntédsafubipsline repair or trenchless

introduction of hot curing fluid, such as water into
rehabiliion, Brqcgses ithalris (HFsTEH 18 wide use s sellesh throbsituform® Process.
d e ptin [ .. The resj
The BREARHECPLGLLS SMchled I SUEHLhrSLL) Mfeny N 508065, o
4,064120 1f midnNo.hay1d5,968 gltie ToatehRUof ivehich RIr@Sall itiorSorttddNhérein by
the existing pipeline. The new |iner effectively seals
Tefereﬁ?ﬁ/ cracks and repairs any pipe section or pipe joint
deterioration in order to prevent further |eakage
[0005¢i t Herthe standand madticefoftthe IesitiugdrinBraee el slongdibe M6 tubular

. resin.al sg seryes to strengthen the existing pipeline
liner of| 3 @gt iébri“o fvﬂa%fﬂ/i%e sapidps d resin usnsegnably ppdetiak oyith ran outer

. j [ . 0007 n tubul ar .cured .in . .
imperBSER'RARR 6 b0 SORD gk B0 VO A, D i i
installe@tviden thbexisting pipdineNPhetioahed widely pReticed BmbH&ment of that
same manner. as_In the eversion process and pulled into
procesgn ghepbaen isdnetalled hiliring e eserdon poogesyeisi desciibedain the 211 and
¢ I d ) typical installation, .
958 G NPR S it v Brish b seridnial PHAORGIPR A (ot aterior of
an evél&l 1iAveHr&Bek itSak@st tanaNgith %gs&bethéglg Wb $he %éi[gﬂll?félcg of the
adder e

or accessS pol nt and an evertin I'S pass

pipeling ao thghlindreunfolds taldvey, thedemgtl affthepibetinkf ethedBekufY el Process is
ortion_of the el bow and

1 th thﬂf t he hori zont al {) :
also P’f%‘?ﬁéﬁ% Elﬂ PUHIRS § Fretciomrsgiisder Jinerainto theecondvit S ea@pe ioneable and

. i thi . exi sti oncilit i n_positioned over ...
uing A DR SBLTALRC bbb PREL AT GRHE] witin e
liner tblcadstethe 1Ater ev etntel apgirfst tiedinnstiGhallasT hekListing Hifdl@R. 'R&h resin

into the downtube and the water pressure causes the

impregnatecy dingys peagrneralkyorefersed tues JeuteHenipdadezpipes!! or "CIPP liners"
110N, of. t el bow . C the collapsed liner to
and thg%stgér%ga%gg‘éf ﬁ%n?%go § Q?Eﬁi‘%?ﬂéﬁpﬁace of the existing

nduit. The_ eversjon of the inflation bl adder

0 . . )
[0006]. o Kiomyertiony jcuradnin plegel dlsxible Adnear bpafs for both the eversion and

pull-in-and-inflate CIPP installations have an outer smooth layer of relatively flexible,

substantially impermeable polymer coating in its initial state. The outer coating allows a
resin to be impregnated into the inner layer of resin impregnable material, such as felt.
When everted, this impermeable layer ends up on the inside of the liner with the resin
impregnated layer against the wall of the existing pipeline. As the flexible liner is
installed in place within the pipeline, the pipeline is pressurized from within, preferably
utilizing an eversion fluid, such as water or air to force the liner radially outwardly to

engage and conform to the interior surface of the existing pipeline. Cure of the resin is

3
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extends into the downstream manhol e or second access
point. At this time the liner pressed against the
WO ndosniTse sur f ace of the existing conduit is aPdDWS1004/036625

cure. Cure is initiated by introduction of hot curing

wat er introduced into the inflation bladder in nuch

the sane manner as the recirculation line tied to the

end of the everting bladder to cause the resin in the

i npregnated |ayer to cure. [0008] After the resin in
initiauacﬂl bylintreduationest, hot ering fluat, isoch & wetbe intorlie b@ert@]ﬁlm@dhrough a

left in place in the cured Ilner Both the pull-in

reciregl3ion hppeBchet o ieandgdihe aeeriing [agier Siosiartseenated into the

1mpregX£’61§ b e G AR f%ﬁ%es {iotlgﬁtfﬁ{t (g gglggﬁﬂg ilgfng within the

o several®bccasions duri n
t lifle. MhHB-TRGCBES dffectislitiseqld ah9 cBRINRAd! BVY; 8 secti
s 11?%%13@ lo? bl adder to thgleng Sof tahg CeI bove\l/ arﬁg&ilnsag{}ipl?t seetion
or pipentaint deicretatigpsisdordemea pfayenofurteydealags ssithr e arheut of the
..liner..is be installed a curabl e therposettin
exising BHglp g fdiecir oot B0 SEuRh (A SLOMEEL osg i inEopipgne wall so
as to profRle dMe@ sRHLAGEI Sup éfg rEfdr ik §Lﬁ’rd'%§1d1ﬂ’§énv?ﬂ6&1men{he

wet - out process gen 'y 1nvolves Injecting resin

000 5 8RBT P s, e SPrgge-ntr
methcd, VIRCK 8 mﬂpmﬁteﬂgwﬁmﬁasiﬂ'ﬁrtﬁ@ RaE ndrinke bs hf‘ﬂfé%@fers%rpprocess
rollers as is wel | known in the lining art. A wi de

and puled entyo aid pesitiogednayitiie the edisting th@lmqom 9ecsﬂ]epsed state In a

t ns and the
typicafBilshdirha teERRlh mﬁfl 1P piitepb ot it i oo af The lower
end id ﬁéﬁf’oﬂ% GAkhicS ah %Ix?shh h%i@ Ecc%g RIBEIE]ath RE& AL bladder is
whi ch cures read | eate alr, stea
passedl]dhrwwghelthe @io“&ﬂnhipee(:(b;&ﬂed m}ampdoauﬁﬂai Ebar:hdd)‘aitrl the, mwldh of the

| t let Iight. [0010] On h dure fo
honz%el?nqréga&olaeephbﬁév?ansiymaasiuﬂm ther ciRsdcoRnars The collapsed liner

w1th11€\ﬁfecé£t %ﬁ‘% écﬂﬂu 1s ttHé (ggltyon%g AD\%% ] .s&lgﬁmacli1 'té gfe gftged back end of

ner er an

the inflagor bladdar. Ahrtﬁlkrt[@/ﬂlhlﬂ MFHshﬁﬁelf |1§lthe@r1€d$ﬂ1ﬂottﬁe downtube and
formed on opposite sides of the fl attened |iner and

the WHIEB PPSSUTE seu s theinflatiop dladdet tiEBuSdisoldeB”(thfr bezantaltpeetion of the

elbow, arﬁgca(}Fe %ﬁ% ngn air eafff) ?@%ﬁ?%&%ﬁé’c ﬁ'-% %ﬁ{fat?etn%f Hle existing
conduif! i"ﬂhb NGefich OF thd %ﬂdtﬁﬁrblhéde%%‘l’ﬂn%lﬁkehhﬁ tHeh168derNRaches and

62. The contents of each se patents are
extendsn oo rihc atoahstrenmi mablyole efreseenneé .acE@R IidintRe detnthis time the liner

fforts h b de to nodify the pull-in and
pressq%npgz{ép% @Y]ﬁg&gﬁggsur ace of the ex1st¥1g conduit 1s allow to cure. Cure is

initiated by introduction of hot curing water introduced into the inflation bladder in much
the same manner as the recirculation line tied to the end of the everting bladder to cause

the resin in the impregnated layer to cure.

[0008]  After the resin in the liner cures, the inflation bladder may be removed or left
in place in the cured liner. Both the pull-in and inflate method as well as the eversion
method typically require man-access to restricted manhole space on several occasions
during the process. For example, man-access is required to secure the everting liner or

bladder to the end of the elbow and insert it into the collapsed liner.
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utilize air to evert a bladder into the pulled-in
l'iner froma proxinal access point. Wen the everting
whb@dder’sé eaches t he di stal access point, steaPCT/852004/036625
i ntroduced into the proximl access point to initiate
cure of the resin inpregnated into the resin
i npregnabl e layer. This process offers the advant age
of faster cure due to the increased energy carried by
the steamas the curing fluid. However, the process
[00093t i |Regaed|essr eShewehs limer of tocbebimaehlied d airableh@ermosetting resin is

ini i ner. id thi

improBe 0 Qaiep PP HRS | BRHE ilines by Reprpeneh eeieriud e Afwet out.
' g ' t ep, abhove . .groun For

The VROt RR SRR IR KRB B e B v

an endnal adeperingr forn@dancilei Qe iMperhReBld AN, drdWifl-d Yh&fim and

.1ining hose above ground prior to pulling the hose
passingsthe imyegnites {iner Bwpagh np wdletups is Wellsknnvor és she lining art. A

L L G T N SR L —

like, WRRMENEY BN dified ok QdRKEDT G-k DrefePi)toAutfiidel GEsin which is
suggestion to avoid this eversion Is to manutacture a

relativielyaginblecad regmdemperatre duawihich ands svadilytvetendwatddngit’s air, steam
that a cur.i fluid can be.introduced directly into a

or hotgguiler, Bp Suiesld i SPrFAGTe Sartiotam, Aydsanieie ViAlpslighS ¢ he
difficulty faced when trying to inpregnate the resin

[0010j npr &g §BFte R?ﬁ@@ﬁ%lfoﬁi\&@ﬁggdoﬁeﬁg\gw biievaquuer impdegnation is

} in 1] ) lng, remains
deseriBt B HlSRRGAT 2RO N3P 360 20 Bien Hhe iaAP B et and outer
Bl ) AU P38 0y TRy Sy SHAL R, R bopost

sides of the flattened dtner ah00eSh iNetted tandt @ntlothgsidéreas described in the '063

nodi fi.cations to_both the eversion and pull-in and '
Paten Aol ApBREHI S 3 VEIHEB] 0Lt (1he e O dbSallise while drawing a

vaou B SERSEASGEke R RGPS on SSE SAGR/SH M 062 Tho

contents bhedchi (ﬂ‘.thé’xeqmlteﬁtmgieylncdrf)oﬂafﬁedd%%éihdﬁ/! efdréndel ovi de a
rehabilitation nmethod utilizing pull-in and inflate

00117ret et YEY i.ner.Ji.s: fagt ;
[ ]lTﬁnIeRr& antgg%t%?gr ﬁg% gte FIE g%a{dg% rrrfggg § I yH i Iflrﬁpfr g‘é%g‘% \e%qﬁis}% Hethod to
utilizetdimto ¢vertamldser intedhdypulkddemntirees ftdir acptokitgalfdcoesd godnt. When

t ake .gdyant age of the energy available to provide an .
the eVP‘ﬁ’%RgelﬁP‘iff‘%f 6?@%21@% Hsodt fewes%pqlab steenyisdntredecedfintacthe proximal

accessSFARPE Gatih LRBbCOME SRR i?n%rllgg%ialteidt kb 9 TBLD ?rorll%'regnable layer.
This process offers the advantage of faster cure due to the increased energy carried by the
steam as the curing fluid. However, the process still requires eversion of a bladder into
the pulled-in impregnated liner. Efforts to avoid this step of everting the bladder into the
pulled-in liner include performing the eversion step above ground. For example, in U.S.
Patent No. 6,270,289, the process includes everting a calibration hose into a flat-lying
lining hose above ground prior to pulling the hose assembly into the existing conduit.
This process avoids the eversion below grade, but is severely limited into the length of

lining that can be laid out above ground prior to pulling-in.

[0012] A further suggestion to avoid this eversion is to manufacture a liner having an

mner coating and an outer coating so that a curing fluid can be introduced directly into a

5
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SUMVARY OF THE | NVENTI ON [ 0014] Ceneral ly speaking, in
accordance with the invention, a resin inpregnated
wa@oosa4i7se pl ace liner with an integral inner PCT/US2004/036625

i mpermeabl e | ayer suitable for pull-in and inflate

rehabilitation of existing pipelines is provided. The

liner is continuously fornmed froma |length of resin

absorbent material having bonded thereto on one

surface an inperneable layer fornmed into a tubul ar
pulledfrapgennd e disedvantages sharel iavolives thiddiffiepky nfeedal evhen trying to
. Ia%er on the jnside qf t he ,ti;be. The resin absorbent
impreggfs i Fesih eIRTRERabley@piesiah| disnasgdr betmpen ethr dpsedand outer
; i AGfkihbon I r [: g rial .
e A bk The S F Paftle FERT: SRBRIATRL nARi1flg @ impregnated
liner awcbfopaltbvabiwultindrite benmdledriat thel sxptignanbigittanbehe TRr coating is

. resin absorbent material may be inpregnated with a

deSIrqdﬁe@ﬂé%@wrrggwrtbgh%svs@more or after the outer resin

i npernmeable filmis wapped about the inner tube.
[0013] 00 ISptwithstandingy thie npedifieatinms tb o tehewsrdohandpaliviieid inflate

i.s resistant to the high tenperatures of the curing .
trenchlessitg %mfi’fa&% 6%?1%%3% é’oar DIQ§8SSeh AENHbET igenive; pquirgian eversion

| ' bd ot ' it er, Layer .may. be .

step e P T e B e 31 i, "Bt BBl i Eosranie
to pravidees retebilitatioe metent aﬁﬁzihggﬂﬂ-ﬁl%dr @lafe MeBIoABNRYSHherein the
. material but shoul dhave sufficient strength to
liner ig;hapufagivred awdin pn dnreyrndbnuder eatings e réadilyrinipsegnated so that it

cn o GARSPOS A2 (ST I o DA A0S 5 SBP R e v

providdTperigaliieod aEho®RvIABER 1§ UhdtaC 8nd Aol ofRE AR Jogbﬂﬁc?ally than
tube and sealed in a variety of ways. This mc?u es

currerd gelabilitaberametieals. bondi ng and tapi ng, sew ng and
taping, or sealing with an extruded material. The tube

| ayer on the | AR O TN BN R P one
| ayer on the insi ' e in one
irection with the inperneable | ayer on the outside,
[0014$ealecg‘alef A Sm%tlpo?ﬁﬂo%ﬁ% e¥ithy e tinentione et eagin impregnated
dGans ihh r Lce,..The. outer :
cred SEONLE D4, Kb e MG B gy s
inflatearehabibipatidpnet @dstitg pipetifesois pbvided baipdivg:ap @Fﬂtiﬂ\f%dd@lyafonned

poJ ymeri ¢ coating to contain the resin and allow for
from g; lshgl§eoh Aesip AtspRgnt meatenialchavimg bondedrthenetb out ene surface an

: ' ayers.intq the existing conduit, [0017]
imper BRALTEBE SobANET e bl Sk 9, S000F: b L9 i e
imperple@le d@y@non RS Ri&eIE BBHROHILRT The resin absorbent tube with the inner

impermeable layer may be wrapped with additional layers of resin absorbent material

(D

secured into tubular form. An impermeable film is wrapped about the inner resin
impregnable tube. The resin absorbent material may be impregnated with a thermosetting

resin before or after the outer resin impermeable film is wrapped about the inner tube.

[0015]  The inner impermeable layer should be one which is resistant to the high
temperatures of the curing fluid and exposure to fluids intended to be carried with in the
rehabilitated pipe. The outer layer may be simply heat sealed using a thermal bond or

taped. This outer seal merely encapsulates the resin impregnated material but should
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cured-in-place rehabilitation of existing pipelines.
[ 0018] Anot her object of the invention is to provide
wanroosopridsed |iner for cured in place rehabil i Pet/usmmoeb36625
an existing pipeline. [0019] A further object of the
invention is to provide an inproved |iner having an
integral inner inperneable |ayer suitable for
trenchl ess rehabilitation of existing pipelines.
[0020] Yet another object of the invention is provide
have s@ffidiéeseuecth e Witdtaokl loadiing and abyasivarasfthe linet isgransported and
resin inpregnated cured in place |iner having an
then pulindeigtatheiexisting icApifreabl e | ayer. [002 | Yet a further
object of the invention is to provide a nethod of
[0016]manThactesini algsosbent sinateriab rvein ghe dntegrad divperpieable jaypeon one

sk, Sl ega L Iner (IRl Loy a1E o
convergtéo‘%ﬂ? Weﬁsﬁ%fﬂiélgg 'gh& Qa 12%% el Ak A ta%)% %Jr sehlihg vk gﬁ extruded

jects an nta the“invention willin partbe
materighVvTIaibang cohtiduouslypfrtned evithpiharresih ifnpoegneble layer on the inside

speci fication. [0023] The invention accqrdingl .
about g dwipHarséeyieenia enediredtiont gl ﬂwnqa@e?@ra ge.yeé r?%o‘%{‘e OHsidg, sealed

. . of i '
s eSS DR PR SRRl R coce. T

outer RYEPisRRW D8 TedR dbsdrbandey@vr 19ferpartat ard ingire guatedipdpt tcor after
to effect such steps, and the products that possess

being twreppdawitht e polyniests, cdasiagupesontain dhe resin end aHgw g storage and
_relation qf. conpopents, which are exenpl. fied.in the.
puling §h4 bRk g iobar IaL GFG kTR Ia0 AU HOD Aot e el
invention will be indicated in the clains. BRIEF
[0017PESERIcPTHEElyCit i BE obR&NP RS inwetion tagrowde gnigproved method of

under st andi.,ng,.of the |. ti. f is had t
e T AR oL RSB gE, T eference 1 had to
(00187 SARRBIn Algscat B ViR is O Evidsots ahpiaygp ek Fof cured in

place %‘%@%ﬁg&%{ gfaqlu%)ﬁﬂlgﬂ%ﬁngé@ee liner suitable for use in

ng an exis ne of the type generally in

se today and wel ]l .kn .n th t:..[0026
1001936 A e Sbisi ol e Bventidh bl Broviseds o
integr@ i HBbrrh&BK layer suitable for trenchless rehabilitation of existing

pipelines.

=

A1 oo o

[0020]  Yet another object of the invention is provide an improved method of
continuously manufacturing a resin impregnated cured in place liner having an integral

inner impermeable layer.

[0021]  Yet a further object of the invention is to provide a method of manufacturing a
resin impregnated cured in place liner having an integral inner impermeable layers and an

outer impermeable coating for pull-in and inflate trenchless pipeline installation.

[0022]  Still other objects and advantages of the invention will in part be obvious and will

in part be apparent from the specification.

[0023]  The invention accordingly comprises the several steps and the relation of one or

more of such steps with respect to each of the others, the apparatuses embodying features of
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i nper neabl e | ayer and an outer inperneable filmor
wr appi ng constructed and arranged in accordance with
wo b@siomeant i on; [0027] FIG 3 is a schenmatic vPewUsio04/036625

the apparatus used for preparing the inner portion of

the liner having an outer felt layer with an integral

i nner high tenperature polyneric |ayer used in

connection with preparation of the cured in place

liner of FIG 2; [0028] FIG 4 is a cross-sectional
construétien comhihatbns edsdrrangement off partsethatnareradaptiod|tareffect such steps,

portion of the liner produced by the apparatus of, FIG,.
and (b prOQOROPEPESSess 16 dSNEHAEH CoTHIS) SURETGR. o ion of

resin i.npr i | i sbibRiledindERESpe of the
compopypt i R p RS B VIBRRLAE BlalldGispid P ind MRERES)
inventiof Wil Be indSdte@iithe dla@hs.i nper meabl e layers in

accordance with the invention; [0030] FIG 6 is a

cross-sectional view of the edge seal|ng deyice of the

W appi ng appatd DESCRIPIEONSOF b DR /A J@LL e 6-6; and

[003 ] FIG 7 is a cross-section of te i ner prepar (1 .
[0024by Foe asfofer andmgstefdifg @8, the iavmitien, HESEREPH @:thﬂ_lg) lowing

PREFERRED EMBODI MENTS. [ 0032] A resjn_i e . cured
descriptipn RGN P RRRCEAR AP B AP RSP D e
i nvention has an integral_ internal |ini ﬂg so, t hat

[ :
[0025k an TG § ise aP1sBCting GAE G5 RS Sy PR A B RfGeple cured in
nd inflated and ,cure L1 i ' .
place (s syt e b o2 pERRE Dt Pe ity f 08 oday
andw\éﬂ'kﬁoxizvﬁ'?ﬁfhej aper neabl e pol yner | ayer is prepared
continuously in desired |l engths. The liner may be

npregnat. Lot ' ' i integral inner
[00263 nc .ngs Zc} § gf(ggsrststeﬁ{é%ég%gvregpé g‘qﬁeﬁg? iﬂé{l‘c‘g’tlgfeg‘h? I%é\lfg tagned &t .
imperhief§IE 141RY bAd aR olRS iidpaddsableefilin omiveappalg tmsweetnd and arranged in
i nner and an outer coating using convention vacuum
accordampe withdkd wventetinol ogy. [0033] This increased effort
necessary is evidenced by the process suggested in. i
[0027. S.FIBaBdnt sshemj@vidyw2@%he lpparatuaisscefogmoepsging the nner portion

I LT AT I —-—
s RIS A S P TR Pcpracessed o

[OOZS?pprI*QIﬁ. qalg gscrgsg-esecl:t?o% f \r/]iew showing the structure of the inner tubular portion

of the liner produced by the apparatus of FIG. 3;

[0029]  FIG. 5 is a schematic in elevation showing resin impregnation and wrapping of
the tubular member of FIG. 4 for preparing an impregnated CIPP liner having inner and

outer impermeable layers in accordance with the invention;

[0030]  FIG. 6 is a cross-sectional view of the edge sealing device of the wrapping
apparatus of FIG. 5 taken along line 6-6; and

[0031]  FIG. 7 is a cross-section of the liner prepared by the apparatus of FIGS. 3 and 5.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] A resin impregnated cured in place liner prepared in accordance with the

invention has an integral internal lining so that it can be installed by the pull-in-and-
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of the underground conduit to be lined. The inversion
of one tube inside the other requires an unobstructed
wo eovgiolr7egual to the I ength of the | ongest | ayreT/Ub1004/036625

the two | ayers had not been previously inpregnated, it
woul d be necessary to inject resin between the | ayers
on both sides of the lay flat tubes in order to
provi de adequate inpregnation. This is a difficult and
inefficient way to inpregnate |ining tubes. Thus, not

inflat® Mlethddatdiiflaestioid c@stirieh @ heatedtflal seithdme the use of an inflation
i mpregnation is extrenely difficult. H0034] FIG 1

bladdey. | yEhe ampregaatereling &vidy i@@rumg@na@@ ¢ipdymer leyes is prepared

I th
contiytfShy 4 B85 G5 demefhois B Yuf s iragOS s L'y hifpfida in view
of the BetdasédTRIr6Y %@@és@aﬂ%ﬁﬁﬂﬁégna%@& Madendt fifri hdva@h rddn absorbent

havi ng an outer inperneable polynmer filmlayer 13

materied |Hetwegpean irthearadd cut ewtep obatimey uding eonvandiost Vacuhﬂﬁlmpregr}ahon
a]igong a seamline 14 to forma tubular liner. A
technglogyat i bl e thernopl astic filmin a formof a tape or

extruded material 16 is placed on or extruded over
[00334 eand ik Arecreapeil refiortinecessarg i awéenwé by preaess| suggeswd in U.S.

P atenbs‘]n t%YPc;}é’h g@?ret o‘g‘}edr%g%’i“? Bt ﬁra 1tPP Fgﬂ%ﬁllé‘lg’iﬁ’a‘é@ ‘aﬂ a flat-lying

1mprdgﬁ5]t%ﬂ [iniRe heke, 2orS At dMPrdodhied! @UBE hbde 3¢ SBvetlelt 1?1&?@1 tubular film
along a seam line positioned at a point in the tube

usingaohgresshdrirt Ha thiscase,ahe déngtle afithd eing hose apposimétes the length

of th% ﬁléﬁqu%%q@doéléq? L el ﬁq@l @%ec{ ]b'lﬁ]e\éwmtvglgg&gllr yri"—?one!a\a gm%l%el t?le other
requnle%{lelﬂﬁﬁgth&@ed 1eﬂgfh é(ﬂla? t& B 1R ﬁlbgf the K : g@st' %ﬁe:iié o[%?l‘?et hgo layers

a refrigeration tinit"to sup pre S prema

had noedeén ptavir@rsly fmpfegnated} ittveoudd dﬁsmdcedsaf}ettgirﬁec&fﬁegih between the
being pulled into the existing Plpellne is cut
layerquam bptht deseqtile dapeHleleybphinoondpe Rrogtder?glequate 1mpregnat10n This

is a Gl anctRidhe el oBlordclfer MRRe eSS Mgl Pt temge
restnd:t@d Ut 3lso thé mﬁ@*egﬁa ek GBnREy des&ili. bed above.
However in a pu in and inflate installation in

[0034?ﬁ ¢ Of@ nlcﬁlu\ﬁfr%tjés ta'}?e ibY¥ %ﬂ#e‘fdoﬁ. pl&%ehl?éf't Ny Oig:@l%tt%@g thl{Erally in use

I ner need only e su

todayadnidomell @howhiih 3l @rtWEHmérUIl Bndrhed eoin @tnlegét dreslaperadtth flexible
to prevent damage to the liner as it is pulled into

resin {igpregralle m@erpalp@uqlh@s a fdbRepr l:%hamg@@routern@mpenneable polymer
i TP 3R B bRl 35 BBSPRSRLS e 1
to for@h YillaOindty MA RehipatibleethbRhSpla &R MBS Q1BARIT a tape or extruded
material 16 is placed on or extruded over seam line 14 in order to ensure the
impermeability of liner 11. In the embodiment illustrated in FIG. 1 and used throughout
this description, liner 11 includes an inner tube of a second felt layer 17 also stitched
along a seam line 18 positioned at a point in the tube other than the location of seam line
14 in outer felt layer 12. Outer felt layer 12 with polymer layer 13 is then formed around
inner tubular layer 17. After impregnation liner 11 in a continuous length is stored in a
refrigeration unit to suppress premature cure of the resin. Liner 11 is then cut to a desired

length after being pulled into the existing pipeline, or is cut prior to being everted into the

existing pipeline.
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material, such as polyester, acrylic polypropyl ene, or
i norganic fibers such as glass and carbon.
wa@bkaosomeEsé vel y, the resin absorbent material nRET/D82084/036625

foam Inperneable film 13 in outer inperneable |ayer

12 may be a polyolefm such as pol yethyl ene or

pol ypropyl ene, a vinyl polyner, such as pol yvinyl

chloride, or a polyurethane as is well known in the

art. Any form of sew ng, adhesive bonding or flane
[0035Tpondiiqg 11 X tRayypetitesiraenyeERiCR Mt isiBpsamesie trewdtee d_ndi air. This

join the material into tubes. In the initjal step
will alkiw use enahRisss w@nra@vqrmpatas cesiribedzaboye SHyvevenen a pull in and

1nﬂate\)patéﬁ%tg(ﬁ] ﬁagggcl[og%g}? a{n?{gntﬁ%%% e&%o%ﬂg% on, the c}mer need

only bk uPid&sl r?J 1rf?ﬁ€mﬁ5€l@%b %@llokxnfdi‘%ﬁ%ﬂéﬂ% d’t“fctaﬁdtré‘@ntlon of resin and
invention is shown in cross-section. Liner 21 is

to prevenn dhinagd dthe tinet ad it & pilkshintnthe exsting melion. | i ner 11,
but includes an inner tubular nenber with an integral

[0036] NNy I4PE HRGigmERYE lsevetal gbrshefSfel drhvesinfiglgre@iable material
resin i npregnabl e | ayer 23 bonded thereto. Inner felt

may beaged. Pelt ytehs ilfnped abiebe agwralay syathehe dlexddomesin ahgprbable

PSS BTSS! R8O, Pl
carbor?vﬁ'iteﬁfah(l ?leﬁuhe%@m ’%i%s&%%ﬁtr mhkfal hdyde 2Bans %ﬁ@ﬂ%ﬁble film 13

about 1 nne layer 23 and forned into a tube
in ouby ShiptwhedleYayéti ridl ey abe owtpmlybm‘]lar smchv\naappo]ygt}s'lene or
i s di sposed_about outer felt i 00381 Bg .
polypropyieng; Mmavl mo}mlelh a¥5thas B%ltmm vhis Prléﬁd bapetyurethane as is well

kI‘lOWI}l qpﬁ{en%gr ATty e als‘sxgving'oﬁdﬂé)stlvéﬁ&?ﬁrzgw ﬂ% eer)’o‘:r‘ldﬁné l any other

Iner n or ever

convefieatl d@hnalchebetped tbrjoin fhesmbeial pibltabes. nIl’DtHdWﬁlltlal step in all
exi sting conduit. Thus, significant saving in |abor
trenchdess trehabilitagion iinstabhationss the Feisiieg parelingviginrepsred byt cleaning and
deo also allows for use of a heated curing fluid such as
vi @P B&mto inflate and cure the resin. In such case aII
eated fluids_are introduced |nto_the I|i %
[0037br omBq?cfellr’é\Eé}OWB) BKevE» oo i Blace PR 2horers taccor ance with

the IDthlit gJ Fﬂ:% 11]1 QS segéor?miﬁgr %FXS REn. &H&E{cﬁ ﬂf"%ﬁﬂﬂdrnfashlon to

manner Using vacuum terna
conveh@¥€! Bnef 31 BNBu 8ndlii€es iah Sinnemub@aatraembért hwﬂﬁ SN uﬁégfal inner

then an outer inperneable wapping 31 is applied. Thi
impermeabl¢slayere2 Hilfat ihes lat fhimnifelhor rsite inpregnable layer 23 bonded thereto.
Inner felt layer 23 with impermeable layer 22 has been sewn along abutting longitudinal
edges to form a seam line 24 by a row of stitches 26 and sealed with a tape 27 applied
over stitches 26. An outer felt layer 28 is wrapped about inner thin felt layer 23 and
formed into a tube by stitches 29. Finally, an outer layer or wrapping 31 is disposed

about outer felt layer 28.

[0038] By providing a liner having both inner and outer impermeable layers, it is not
necessary to evert the liner during installation or evert an inflation bladder after the liner
has been pulled into the existing conduit. Thus, significant saving in labor cost at the
time of installation are available. It also allows for use of a heated curing fluid such as
steam to inflate and cure the resin. In such case all the heated fluids are introduced into

the liner below ground level to provide a safer work environment.

10
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finished liner having felt |ayers between an inner and
outer inpregnable layer. In U S Patent No. 4,009, 063,
WERI0S/0¥S6l proposed injecting resin in the felPCt/agm4/036625

usi ng needles inserted into opposite sides of a

flattened constructed liner. This operation requires

cutting and patching needle holes in the outer

coating. The vacuum i npregnati on process taught in

U S. Patent No. 4,366,012 woul d not be suitable unless
[0039} he PeaAbyMTs 23 aﬂdéﬂmy Bedipredries] msthehsualnnennear osirigneacuum.

Is a barrier toresin flowin a liner, with inner_ and
Alterngtively, &dhiavets 23 snerfeere Grepvmpeesnatadnwdl jesisr ayh thenogn outer

difficulties ner

imperfrgrpl “Wfanp il 21 JReR o "PREAORE) (eahanfih Fal fpenaine o

ﬁnlshédfﬁh@rgmlﬁg o 1@@@ BetdRBh lafahh@Naf @i ehpizamile rl@y&l In U.S.
This is acconpli'shed by the nethod illustrated in

PatentfINGS4,089 408, Bric 8¥o0d praposed mjedtingres® iaghe el iayeamemg needles

FIG 7..[0040] felt 3 d
el G L0 b ARG PEI122 S e
cuttin%?ﬁd ?%ﬁﬁ@ﬂeﬁ@ﬁl HoledSRAMNB IR %8%?11% Ofhd PAuRPithSeln&on process

resi’n i regnabl e nmateri nto tubes Is

taughtsisl U8 Patent-No. 9)366}9]1& woulbest basuiveblé unlmsitlia:yvartaemafs drawn on
various glues or adhesives as well_ as flape baondin
both srdgseasithp IpBeTagRtinGdS taob‘ifﬁﬁ% fo fesint Tlox, By a dmen Ngth | HiReF and outer

coatmgxnpﬁh%r %g o oly%gline ﬁ 1|r1&ﬁ;§ér¥e{ ?ﬁ&ﬁfgss Ill\ﬁgﬁﬁtl rlk Pnanufactured

from EHSle§iOrdIRR€ott ARE chdted raﬂﬁrplhl@l ﬁ:@tahnd Rentiiduely ﬁﬁp‘h%gnﬂéd prior to
the felt material and the holes forned during sew ng

apphaapenalf arer poging Rdf effﬁlnmgs ammrdlshedabysthearrnﬂtqdodlustrated in

FIGS; ﬁmééﬁésb SRR oS S Fher " ayer of

rmeable nmaterial is shown. Aroll of coated felt
[0040386 h\é{hﬂﬂgfelérlas@ﬁsj R3gw |%Swgltehf0@mefiénto tubes\by $tifghing and/or taping,

erneabl.e | bonde I
any ofRE cpr e B Fap BofEfhch? S5 aPbbiteR doabEh rfimbrognabie
mater{AGhIBGube ik 8hitafe.t Fop ekéijﬁﬁlef bt Bsh BE Yoreeeddby usdd&Warious glues
Tube form ng device incl udes a tubul ar support frane

or addciveaasnyelh ap flaxientodndimgl A2pe amay be dpslicd toemmanfﬁt ydr 23 and

inner é@#%ﬁ%&%&%ﬁé%ey ?r}egg:art?l %ﬂ}ﬂ%ﬁ/\él %43 ; H}g ’ﬁ%’ﬁﬁ of polymerlc
mater%%n?ﬂ lg@t \%ﬁ’s{?ﬁé ﬁ{eutsa L$n '6?&8?%8 @eﬁbfg% %P&H@ Ra5ds ({yq 12?‘?%13 %Iqas"cerlal and

I npe neab e layer acingro
the hdledforimetl daring a sewing operation.

[0041]  Referring now to FIG. 3, a method for continuously forming a length of a tube
of resin impregnable material with a sealed inner layer of impermeable material is shown.
A roll of coated felt 36 having an endless length of felt 37 with an impermeable layer 38
bonded to one surface is fed over a directional roller 39 in flat form with coated side

facing roller 39 to a tube-forming device 41.

[0042]  Tube forming device 41 includes a tubular support frame 42 having a proximal
end 42a and a distal end 42b and a film deformer 40. A seaming device 43 that may be a
sewing and taping machine, gluing machine or flame bonding apparatus is mounted
above support frame 42. Felt 37 with impermeable layer 38 facing roller 39 is fed in the

direction of an arrow A to the proximal end of tube forming device 41 where it is

11
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direction of an arrow A to the proximl end of tube
form ng device 41 where it is 1ldefl ected by defl ector
wd Booasnda7786 apped around support frame 42 and seROEUSI04/036625

a tube 44 along a seamline 46 with felt 37 on the

i nside and i nperneable | ayer 38 on the outside. Tube

44 then passes a taping device 47 where a tape 48 is

pl aced over seamline 46 to form an inperneabl e coated
taped tube nenber 45. [0043] Taped tube nenber 45 then

deflect@hby redsctdo 40 raad ebraphed grduntd wuppors dixme 42 fandreeadh2d tinto a tube

an inverter ring.49 at the distal end 42b of support

44 along freseam. live #6dWithleltnd frioer thasinpige ndninaeameable; layer 38 on the
.1u l44S r 4 t ' Le .
ousidel MW B 30 e S0 PRSI ARL gyt tin
46 to Féramr fipdfRyblRBloarAdapetPruBé nichier as, support frame 42
along a line defined by an arrow B. At this point

[OO43§¥§;T£J%dttHl§’eem%ﬁlﬂ%g|§f§tH§1 %ﬁ{tﬁ%y{oetr&&él léf&erf%%ggglrak %éppgﬁt frame 42

s-sectiron in I nper neab

to an iertensngd9 af theudistalt Bnditizb bebuppoayfeam&42 0T apbd tube member 45 is
out si de. Tube 45 then continues to travel in the .
then eferted tinontubplag sppnems faspe (o dhal Impsrmsrblslayes 3§y sow on the

insiahEhs! 4 ke USRS F AR EE PRl g e
42, 2168 Q%ﬁ@ﬂ:fﬂﬂem%l by at@waB! €At ik PRIRARBEE@ RIS 8P haS the structure
shown on FI G prior to final wapping. [0044] FIG 5

illustiatdduigtaressesection dw fidoattiwith mppegreableciayerf 3% os dhe insidg of tube 45
t. aped be 45, re u 45 is pulled in,arr,ow,. .

and f%lr ]%é{sli {& A [t,lya yptside, gﬂféﬁ 93 tl&%ﬂ cony upﬁ%g?ve& &B]ﬁeqirectlon of arrow

B for?];ﬂ% If]décgﬂoﬁ 8F bRE 8r Reore ﬁ.ikﬁ’n #1¢ BRBR. 1AM BSisAhdPRredfor further use,

to a predetermned [evel wth a curable
wrappdiewiths ah owelr impérrmentio roontme,i opmegnatepassed whitectdytto a resin
) tube 55. Tube 45 passes between a first and second set
impregnaligihier 88 Flgyvi 81 FaWs S psion HufBY WiRBPEEound a fir st
directional roller 58 to turn tube 45 in a horizontal
[0044]i r €lG.cnilkustrates 9e soheinaliic gopiegnationr of h enpply loof tapad tube 45.
tupe . to a.,vertical directigon. A _sonic wave generator .
Here. fihs o Smliotinarian firisgionrC B of 1 gl ¢ Pak af Sule aggered pulling
rollerS 3PIEs h Ypeh bp $bsin Tnk FOHIINRVE pge?éf‘errﬁ‘ﬁ'ﬁd %1761 with a curable
I nproves the inpregnation of resin Into felt 1ayer
thernidéetaksih fdeto4braani imppegmes] drhweLgh tulessh Tabk 45 Passes between a
After changing direction about second directional. .
first gng) seepndsset qf pepEypssi@UrallgreS G ang aé sad apaindee Airg diegetional roller

58 to&ﬁ%@ﬂgg qstﬁéfﬁ‘ @o%{ig?éa?td%r%@b%rgglgf \1;1 g?c%%d cﬁf‘ecﬁ%ﬁ e 59 to turn tube
to a vertical direction. A sonic wave generator 61 may be utilized in lieu of or in addition
to second compression rollers 57. Sonic wave generator 61 improves the impregnation of
resin 54 into felt layer 37 of tube 45 as it passes through resin tank 53. After changing
direction about second directional roller 59, impregnated tube 55 passes between a pair of

pneumatic calibration rollers 62. At this time, tube 55 then enters through a film

wrapping and sealing station 63.

[0045]  Wrapping and sealing station 63 includes a roll 64 of a resin impermeable film
material 66 that is wrapped about moving impregnated tube 55 as it passes into a film
edge sealer device 67. Resin impregnated tube 55 is now a wrapped tube 68 having an

impermeable outer wrapping 69 with an edge seal 71 as it exits film edge sealer 67 as

12
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wr appi ng and sealing station 63. [0045] Wapping and
sealing station 63 includes a roll 64 of a resin
wo ppsowEabl e filmmaterial 66 that is wapped BODUB2004/036625
novi ng i npregnated tube 55 as it passes into a film
edge seal er device 67. Resin inpregnated tube 55 is
now a w apped tube 68 having an i nperneabl e outer
wrapping 69 with an edge seal 71 as it exits filn1edge
seal er 67 as 12shown in cross-section_in
shownmnaqasp@dsch@ iBdIGs TpuWrappegytuhe 93 is Ryl efiuhyaa pam of; figal pulling

rollerstgi gnﬁ efFa ﬂ@ﬁ%@%ﬁgﬁ{yoﬁgﬁ ?hoa ] gﬁv H@Ss 359 \A@eﬂr&e@te% trdck for

ment 'to an

shlpmérﬁ%ahll&ttél%oﬁlsqt@ [0046] FIG 6 is a cross-sectional
vi ew of edge sealing device 63 showng film 66 forned

i nt I £ A
o0ssl PG 8o PP e TOF SUEESLALE BEEO 0¥ by i 6
forme®inté B%ezﬁbd‘ﬂ ingieesd of mpRecheiblb €l1HSH0nvith ai sepledgdgblie. | ayer

37 and integral inner inperneable |ayer 38 bonded

[0047%“6@@0 AR O 6ds AR n&e@ﬁ*of%enﬁhﬁﬁed B&CHHONGS with

Iner 21 1n FIG 2, there may be nore than one
impregrespty lagbr B@sind integratgnadyl impedapaid m@rd@ bdreleditheneteeand outer

or engl neeri ng requi rements of_th t at i o
wrapp[rEfB] ApReteddn coraetioa:with ﬁ? eﬁfé‘i ﬂ}ﬁf Pifpgan one

layer (?fSnr‘SEﬁ H@g?%ﬂgﬁg dgﬁ%%ﬁlg&? S}?er(ﬁég%%fe‘r eﬁgst 3 H%fel:qgrl]reglfnts of the

instalibfién. pul | -i n-andi nfl ate net hod. Th| s method is fully
descri bed in U S. Patent No. 4,009,063, the contents

[0048@ase I ghat%@ gﬁiﬁ%%f %ﬁeﬁ qﬁg%pg%]'afédb%bé Qi‘SeﬁﬁHﬁg inhé? fakiRrmeable

I nst ation i nand- inflate
layer 3@ thdduten isppanaibde exaepsng 69 b schdgrior msrtnjtatmadazs@]a rppll-in-and-

inflatq R0 ey ek Acesgivetp B oo et B8 The contents
of whgﬁf: élico%gﬁr%{ed hér ‘@L re%fér}%ﬁé : ﬂpﬁ{en%(‘s‘g ¢ 1ﬁs@¥lﬂuo%80g the pull-in-

ypropyte ion and curin

and-irffRREmetHoa, §ts€%df‘ater€vfe%ii(9i€6ﬁddéﬁ i8 nbhBeddsgaty t6 8nflute ¢hd Hner due to
position int existing conduit. [0049] The processes,
the presericappintegrabinmer Espﬂmﬁ@bleﬂé}’ﬁéfl 3«13 wr«msr selesvioie af mgterials for
ner

o ERRE 1B SRS A BGEobLET JBHASR P o o
done @1‘&1 %’ﬁnf iﬂ%ﬂﬁ@e@ﬁ@o f)alRt 88 oRBPA SHsifore® the ekBtihgdteshuit.

read
[0049]  The processes and apparatuses described herein provide a convenient means to

prepare a cured in place liner having an inner impermeable layer and an outer
impermeable film. A tube forming and eversion apparatus as illustrated in FIG. 3 readily
provides a method to prepare the inner portion of the finished tube with a sealed
impermeable layer on the inside of the tube and an outer felt or resin impregnable layer.

Additional layers of uncoated felt may be wrapped about the formed inner tube if desired.

[0050]  The tube prepared in accordance with the process described in connection with
FIG. 3 is then readily impregnated in an opén top resin tank and wrapped with an
impermeable wrapping as described in connection with the apparatus shown in FIG. 5.
Use of an open resin tank and compression rollers avoids the need to impregnate utilizing

high pressure techniques which are cumbersome to use in view of the desire to

13
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provi des a nethod to prepare the inner portion of the
finished tube with a seal ed i nperneabl e | ayer on the
w0 pasde7766 the tube and an outer felt or resi NPCT/US2004/036625
i mpregnabl e [ayer. Additional |ayers of uncoated felt
may be wrapped about the formed inner tube if desired.
[ 0050] The tube prepared in accordance with the
process described in connection with FIG 3 is then
. readi |y inpregnated in an open top resin tank and
impregpgiggad ¢antmugns ifaspemreAbmativelypifndre dinedés srafpeed prior to resin
. connection wth.the a rat us sho in FIG 5. Use o
impreGAREE Mt s e B et e ishelongings o5 netedibove.
eed tq _inpregnate utilizing high pressure techni ques
[005 1 S[Flwélfl s prntses dhat they objeets iset bgve.t ampongethiosemade apparent

' e t ion. . At tivel
o, 0 RSOy SRS LS 0, SR SOh s oy o
made tifh €artying buttie dbevavBioceds! irbihe \daSeHBI iplodiRe dHaUA |thé‘@d|%i§ﬁ'ﬁction(s)

as noted above. [0051] It will thus be seen that the
set foghwathogt denarting t‘rhrraﬂbo\selmatndrsgopdw@i‘sfée nerdhatiappig iseintended that all

matter G RS 507 fereiaion Pod Shiang CHRuayoBb AR frwing(s) shal

behn&@ﬁﬂ&iﬁﬁﬂﬁﬁhm&@%néﬁgﬂﬁaﬂﬁﬁﬁﬁéﬁgﬁ%n the descri bed

product, and in the construc s) set forth without

0052 PAE14 1 1 SEVDIGH B i AT USERE ook RHBEL et of
the geleS€ bnd bpeRifi@RAnSEOUNhE MnddA ol BERD 88MHBEd GA@WI R8tents of the
shall be interpreted as illustrative and not in a

scope|of thetinyrtionveech,[as @3mgiter of lapgedgsomight be saidde falt terkbetween.
that the following clains are intended to cover all of
the generic and specific features of the invention
herein described and all statenments of the scope of
the invention which, as a matter of |anguage, m ght be
said to fall therebetween. 14CLAIMS WHAT IS CLAI MED
IS 1. A nethod of continuously preparing a | ength of
a cured in place liner having an integral inner
i nper neabl e | ayer and at | east one outer |ayer of
resin i npregnable material, conprising: providing a
l ength of a resin inpregnable material having an
i npermeabl e | ayer bonded to one surface;

14



10

15

20

25

30

feeding the length of resin inpregnable material in a
first direction and formng the I ength of materi al

WO naos/ 08Bl ar f orm havi ng t he i nperneabl e | ayePCDOS100€036625
outsi de; joining the |ongitudinal edges of the |ength
of resin inpregnable material together to forma
t ubul ar nenber; sealing the joined | ongitudinal edges
of the tubul ar nmenber; everting the tubular nmenber
intoitself in a second opposite direction so that the

outer layer is the resi ndl%l\ggnabl e material; and

conti nuously renoving th ar menber with the

[ j e layer on the inside. 2. The
nﬁﬁ%mtmﬁﬁ%ncl uding the step of: providing a

suppl y A0imethsdiRFt @tihddisty Pré@fdie AMERgRAY & dukddMin place liner
pl aci ng the inperneable fi1lImabout the tubular nenbeér;

havingnah detigralgittdees impeemestdb| layén landi ait deaat tameubater layer of resin
. W Fi na?ﬁ atiout the first tubular nmenber. 3. The met hod
1mpre§f‘§@ YL FHEPURIP®g the step of inpregnating the

t ubul a r | | I:

fiim - poUREE e RREE & LAREPRSeBhitly rRe T IER figpermeable
layer bopdedgoanengrfabe resin i npregnabl e material by passing

t he tubul ar nmenber through a resin bath to inpregnate
the redtadingricelimat) of desie impreguable mataripl ig.a fise direction and

RS MM TS b 142 n

outsid®xi sting the resin bath to wap the tubular nmenber and
seal the inperneable film 156. The nethod of claim 4, _
i ncl udjeigingndedorgisudifal qlgoy ofitheyleagtuppresinnimpregnable material

subst.anti al. | | anar i nperneable film wapping the
tOgeﬂfeﬁ‘g‘? t%? g’&”‘ﬁ?fpﬂﬂ?lggerr’renber with inner inperneable

sealing the joined longitudinal edges of the tubular member;

everting the tubular member into itself in a second opposite direction so
that the outer layer is the resin impregnable material; and

continuously removing the tubular member with the integral impermeable
layer on the inside.

2. The method of claim 1, including the step of:

providing a supply of a substantially planar impermeable film;

placing the impermeable film about the tubular member; and

sealing the impermeable film into a tubular wrapping about the first tubular
member.

3. The method of claim 2, including the step of impregnating the tubular
member before wrapping with the impermeable film.

4. The method of claim 3, including the step of impregnating the resin
impregnable material by passing the tubular member through a resin bath to impregnate
the resin impregnable material with resin.

5. The method of claim 3, wherein the impermeable film is fed in the same
direction as the inner tubular member existing the resin bath to wrap the tubular member

and seal the impermeable film.
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menbrane with the inperneable film and sealing the
i npernmeable filminto a tubular wappi ng about the
W0 eaisin4778pr egnabl e tubul ar menber. 7. The nmet hBAT/A82004/036625
claim1, further including the steps of: providing at
| east one additional |ength of resin inpregnable
material; feeding the additional resin inpregnable
material about the tubular nenber of inpregnable
teri El with the inpernmeable | ayer on the inside; and
j 81 ni ng ¢ meetheripk ¢lamar, inghiding therstapaaifl e material into

' bul mber. with t _
" nper nEARTnE R Bpbly TS PR b ereenos i
cl ai m Wrappis uqi'engmp{fe%n_ﬁteap%tﬁﬁarl rihgmlbéﬂ NGitR AHRP! ¥n¥rmeable

a substantjally planar inpermeable film wapping the
membyr g WHR thesimeermgebls filmpend i nper neabl e nenbrane wi th

the inperneahle.film and_.sealing the_ inperneable film i
into gp‘?aﬁfﬁlgl ﬁ}e WrRBpte @eag tI0{he F‘Q@%lfﬁ W_%E’Fé’égla?g’loét the resin
i LG 9. The nethod of claim8, including
1mpret he s?{ebgm%@%g?ggnati ng the tubul ar nenber before

wr-appi hhe wictlod oftclainp &y fivetabt @ichuiding thtGtepEhu: mﬁt hod of
claim9, includjng the step of inpregnating the resin
i npr egRAdIEN ?l@?&eﬂne@?dﬁwﬁl legethred resip umpregmeblganaterial;

th . ' at nota . npr the .resin

| mpr ogRsETE e arealiRyih TRERAAEYE depriaCitcly s ppigy pember
of impRggidbies miateriaheviihipe inpadieable lafer ¢h thedndide;tdpg same

direction as the inner tubular nenber existing the

resi n lodniRgtthe addigond gesinhmpeagnablebwaterintind@ altubdiabout the first

tubulef R SRR i et RS %eame di rostion s
LS, TIRE R ST A g 2L PaLt 1o
i rrpgr nmi(ggg 'al%upply of a substantially planar impermeable film;
wrapping the tubular member with inner impermeable membrane with the
impermeable film; and
sealing the impermeable film into a tubular wrapping about the resin
impregnable tubular member.

9. The method of claim 8, including the step of impregnating the tubular
member before wrapping with the impermeable film.

10.  The method of claim 9, including the step of impregnating the resin
impregnable material by passing the tubular member through a resin bath to impregnate
the resin impregnable material with resin.

11. The method of claim 8, wherein the impermeable film is fed in the same
direction as the inner tubular member existing the resin bath to wrap the tubular member
and seal the impermeable film.

12. The method of claim 10, wherein the impermeable film is fed in the’same

direction as the inner tubular member existing the resin bath to wrap the impregnated

 tubular member and seal thé impermeable film.

13. The method of claim 2, wherein the outer impermeable film is sealed by

heat and pressure with an edge sealer.
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13. The nmethod of claim2, wherein the outer

inpernmeable filmis sealed by heat and pressure with
wanmsdgeseceal er. 1614. The nmethod of claimb5, MIEUSINN4/036625

the outer inperneable filmis seal ed by heat and

pressure with an edge sealer. 15. The nethod of claim

wherein the outer inperneable filmis seal ed by heat

and pressure with an edge sealer. 16. The nethod of

claim1, wherein the first length of resin inpregnable

Ht er |"Eile mtmerfé&alhhﬁo“&lef% %puﬁﬁéﬁﬁl@ﬁf@%‘ﬁ X ﬁi@hlﬁ rgaled by

t,he |1 on di n es of the resin inpregnable
heatanﬁié}rgﬁua W 1§ %F bl e 1ayer. 17. The nethod of

qlsai mf, m\eé?l%a%frblélﬁﬁl Blwh&BRSR Git&eaRembybla Mihyisngaled by
a tape of inpermeable material over the |ongitudinal

heatarmlctgesuré&thhn@dgesca]crus length of a cured in place

gknﬁgéﬂ}evgwglqaclgy %g{ ﬂeg);/lge?gﬁpi:lggﬁasgelgng& 8f )fgs]ln 1mpregnable
matenz(lql% IRB %\‘thg\ﬁlglgrrﬁrﬂb%P t%h‘?éh[lﬁ% Loﬁﬁgﬁ&hﬁlg&ﬁé% ®f the resin

aV|n nper me d to One

1mpreg51ubfe&ﬁ@tef1@mmﬂ1mﬁehﬁeﬂalé lyer.wi t h the i nper meabl e | ayer
on the outside; the |ongitudinal ges of the_leng

of7. matBre l@letHOdm@bmtrbbfetwmrelaﬁhe §’6F§ @ﬂarteoseﬁléfirhyaapptlymg a tape

r e o that the outer |ayer
OflmPF“sm‘iﬁ\J?ie F’glgﬁf}??"}’r%{r g%}] tg&ﬁai 8(?%6% 19. The liner of
clgai mA%on‘tﬁﬁblkéd 1dgtintof| £agtedone pﬁi@él linepN@dvin@yarin@dgral inner
resin i npregnable material about the |layer of resin

impermeghletayabled atltastion lay20of Rsén inpregnaifle giaddrial.fgrmed by
e o ik L PSR ek RO R pomeste
o SRERPY Sl o LIS U OBy it
cl ai m th8,longiaidéad etipes dfithe! langti’[mftmatenal gamddetbgbther and sealed
to formm@%pfp%,rggtpaggégélsi e@gggcﬁg %llz?c thgto%{ér%aye?'vlg rthef peesm impregnable
material.

19.  The liner of claim 18, including at least one additional layer of resin
impregnable material about the layer of resin impregnable material.

20.  The liner of claim 18, wherein the tubular member is impregnated with
resin.

21.  The liner of claim 18, wherein the length of resin impregnable material is
formed into tubular members by stitching the longitudinal edges.

22.  The liner of claim 18, wherein the tubular member is sealed by applying a
tape of impermeable material over the longitudinal edges.

23.  An apparatus for continuously preparing a length of a cured in place liner
having an integral inner impermeable layer and at least one outer layer of resin
impregnable material, comprising:

a tube former assembly having a tubular section with an open proximal end

and an open distal end;
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23. An apparatus for continuously preparing a length
of a cured in place liner having an integral inner
wo ppsnwEabl e | ayer and at | east one outer | ayepCcDis2004/036625
resin inpregnable material, conprising: a tube fornmer
assenbly having a tubular section with an open
proxi mal end and an open distal end; 17drive rollers
for feeding a length of resin inpregnable materi al
having an integral inperneable |ayer bonded to one
sur f ac@riveordlless forofeding acledgtf of rasin imppregagtie material having an

AR BT T B B e e
assemB%ft?jor  p egfglgge)%% 1@}_@9 thgudsiul ar section of t he

ube drlve means for everting the
t ubul a;romﬁghﬂearnsnﬁoo Johmeg fthea bangitutlival didgesalof dhel tafulathenember
tube fornmer, assenbly and continuously renoving the

about thedibeler peateg ot thestbe AR ass PRy end of the
tubul ag; e&te%.‘ﬁsnfoWethnE Gnb {felﬂpxlngg,é ¥ Vﬁftsé?f‘ aﬁ&ﬁ the distal end

i nsi de. aratrus o erelrn

of thePfiB¥ i foBthee Agke by Eﬁd toahtih@dusse edrhoving Shé nabulme cheteem from the
the lower half to the upper half in the direction of

open frhsingd] endlof drtubpisr seutionapita et imepesmedhlaiarepgn thisien

LE 1 OFRL AGRATERLS 548 S5 MR TRALh RS o B e section
is 1nclfﬂeﬁrf?orﬁ@ﬁ1§jﬁﬁver 241f 1d AR @RRAhalYS tef d1§éc@1bﬁ10¥$he BRI Bhd)
he sealing neans is a tape dispenser. The

azﬁnar aThe apfaretuadfitafin 28hwheram theg obdiag magnmam@wmg amchine.
[ er neab) e

extruder for depositing.a strip_of, i

mh-er Lhe BRRAHILRGT Flaaqw DS Bie JoHDY SaRsS iaBe ponder.

187, The apparatus of claim 23, wherein the sealing means is a tape dispenser.
28.  The apparatus of claim 23, wherein the sealing means is an extruder for

depositing a strip of impermeable material onto the joined edges of the tubular member.
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