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RESI N | MPREGNATI ONTONER FOR CUREDI N PLACE LI NER
BACKGROUND OF THE | NVENTI ON [ 0001] This invention

wo edoanewsg o cured in place liners for trenchl eBST/US2004/036629
rehabilitation of existing conduits and pipelines, and
nore particularly to an inpregnation tower for the
conti nuous inpregnation of cured in place liners that
may have an inner inperneable |ayer to be wapped with
an outer inperneable |ayer for the trenchl ess
rehabilitation of existing conduits by pulling in and
inflating. [0002] It is generally well known that
exi sting conqupdin APHIGRWTTON TOAWERCFON | Y

under ground pi pes, such as sanitary sewer pipes, storm

sewer pipes, waterchRRHS lgﬁgﬁﬂmﬁq{s that are

enpl oyed for conducting requently require

repair due toBfAlékélglﬁﬁgﬁ THE INSaitepgBY be inward
fromthe envi ' conducti ng

j .of t.h i pel i Al i vel h k e
001§y 30 iBlerhBf RbB L EReq S SEBTHIE RS, RGpER A taion o
existifld BEAMAR rfat ?i[pbﬁﬁeé 'Ahé QHEYE1 A8t @MY @6 AR MinpréghatiohtBWer for the
case of infi rati on or exfultration, it is desirable

continuousvimiptegnhtion tof peired it gldcaderd 0B03nayThevd eakiage impermeable
layer %:chhg@ %Fﬁéécﬁ%ﬁﬁ?&%%&bgﬁ r%%pgl%ﬁﬁé ori fﬁgf‘%krlegﬁ%ﬁchless rehabilitation of
ot ' Qs 0f ; D jtself due to normal aging,
6X18t1%§5ﬁdggé?y cpé%#%%n@ggﬁn ) corrosive or abrasi vg )
teri.al . Cracks .at. or pear_ pi.pe joi,nts y..be. due t o :
o021 i i wenereiE i gl R xBHBE R sl bapdit “phifteutarty

underBRNBIRHesO kud AP SaN @By §40§ FPed, RevrRY e aslp & AGElinRrand gas
Ssimlar natural or nmeh-nade vibrations, or other such

lines tkaisas. erRplpaed fos sconflucting Claidse frequarttlyl eakagesepairedue to fluid
[ in waste of .the f)uid bein

1eakag?egn %@g@%g%trﬁgg bga Hﬁw{,ﬁas lr%ﬁlée ergﬁrqnggeat lfntp edlgﬁegbcg o ]Egogducting
pric 1 U O AL IR 1 R AP oncucing

portiohicstt the péseline ist@nthe 8attotadiag eteirouraent! dinl dither odset df@infiltration or
existing conduit due to |loss of soil and side support
exfultggtionn # ig derdiabte tof porkthisypa ef eakpgever i ncreasi ng
| abor and machi nery costs, it is increasingly nore
[0003di f fThxuletkagednl the sxsting eondt ntay reee to inmutepgriastaation of the
. . plpes.,.or portions that may be |eaking by djgging u
Oﬂgmﬁkglp@lwgtqrrf&tﬁméﬂ% ot theoping ilﬁal%dﬁs BneEmR {Hng elfye effects of

conveglﬁg Icér?%ﬁ?vé &> Hﬁfasf@%rﬂl%ﬁaﬂgg%%? alﬂaefrens%? %gg«lglicﬁiﬁgﬂa}fr ®% due to

place repair or re at’i on
envirg@ir&lti coaditiohb &ach neeanBithukds, av thedmbhemexipenteg@rehicles on the

hazards associated with digging up
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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and replacing the pipe or pipe sections, as well as
the significant inconvenience to the public during
w@oenwsosss i on. One of the nost successful pi pePCTES2004/036629

repair or trenchless rehabilitation processes that is
currently in wide use is called the Insituforn(r)

Process. The Insituform Process is described in detai

in US. Patents No. 4,009,063, No. 4,064,211 and No.
4,135,958, the contents of which are all |ncorporated

varlousemétmdwa%fbé% Hegiseq dontie Implage reRah ghrehabildation of existing

p1pehﬁ{§bb esé {1113 1%@193% E{/&Fﬁﬁ% g}gﬁ?ngla %ﬁ% Aol la%?s)lf%cf L& w1th di nggmg up

I'ner o amor-s
and réﬁm’ﬁ % BeldH fibe Hectlbid) ad vdllhe thd @i@ﬁfﬂl‘ﬁﬁbhﬁzoﬁﬁ?@hbﬁt@ to the
t hat een I mpr egnat ed wWith a thernosetti ng curabl e

publia duiing |®nstmscttmnl e@ngi ohitlhe ninst exceessing pivglinei repair| or trenchless

5P D PLAEL SR, 1800, 1O Gt BESER brcs
The 1%%1 i’ PREAsI Ns LR criBdd 1ﬁm&jcta1?51§ nsi tl"ﬂféi%énl\@(?t @%@ 063, No.

e eversion process, radi pressure applied
4 064121162 amd @No.04,185,988, dwercdeidntsi of wipcle ssesall tm@gmrateﬂ herein by
and into engagemant with the inner surface of the
refereﬁ?‘?)el ine as the liner unfolds along the Iength of the
pi peline. The Insituform Process is also practiced by
[OOOSﬂ;uI | Inrthe atané&ﬂrprawtmee:ﬁrthc énkituiforer Piavess arthelongaidd |ﬂexﬁ#e tubular
ropeg.or. cable and using a se arate f

i d |
liner (36t FofoHo P BacERer e SUBRT KR S TR e Wb an outer
n . .
ol Y L O TN, o
1nstalledrhe1t1$1nahe egmmagtheylmeef Br fhednbﬂ wilely practlced embodlment of that
cured-in-pl ace- or "CIPP liners" and th .
process, dhex Hipew 18dﬁsane£ gghzmgom pvession Fppoqqs@,t | qle&tsnb@fi in the 211 and

‘958 #ngglgpo]rm%)aqgr‘tgt]hotﬁg gvgrlé{o% Ijgﬁesgh%%?al gs)é% aﬁo thléal‘f:}) & interior of

ner Dot gverst
an eveHER linds tpaédsed iit0 %alﬁlﬁvﬁldaﬁlt@ L&l@ﬁ%&‘ﬁ@ﬂt\bﬂh anerinfér surface of the
relatively flexib subst anti al er neabl e pol yner
pipelivoas ithg liner unfoldsralongthesteagt ofrthe mmlme cbhe lnsgtuﬁcmmﬁmcess is
to.be inpregnated in

also plr%(é}%ﬁa %m&}%ﬁr nr)regg:[1ted i]gg%ﬂ)g%t e du%érna rope or cable and
usmg & §é}{??§;? Iﬂlﬁﬂ S Ezﬂﬁéé‘ bt @atl RY 61ad 889S; glg)eoﬁﬁa{ Iikee‘lf&%dd@uthm the

ner wt resin inpregnat | ayer agal nst
liner tolmu\wltﬂe lofierttb euex agdinstghe ek iwadl ofﬁﬁletdxaast]ﬁalgqxpﬂllr& Such resin
l'i ner |s installed in place within the pipeline, t "
impregpgiilers reppencslfy FRigred dpn afi IHFS-INpPIBFEPEISE Y OF Cep tiners

and 148 bbb RRKRHSY agqxfph»%&?ua% h as water or air to

ner rad y to engage and

[OOOGEIOB]; érhmvgtn‘?l ; :culgg 1?151[@ kll@]é?lgars)é‘rip I;bonl%1 the eversion and
i

A O AL .k, AR AR, e

substz&ttiaﬁg?hﬁqbettﬁeetb‘hepelydqe@fcohﬁ@g av e tritig dtatBerThe ldigerr @Biting allows a

o rrrtJ)regnated into the
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
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I mpregnabl e material then cures to forma hard, tight
fitting rigid pipe lining wwthin the existing
w@o@slokTies The new |iner effectively seal s anypPCr/asio®4/036629

and repairs any pipe section or pipe joint
deterioration in order to prevent further |eakage
either into or out of the existing pipeline. The cured
resin al so serves to strengthen the existing pipeline

as to provide added structural ﬁport for the

|1
initiat?@bydﬁ%_a@w@oe@f iheb M Llujdogect) asater 111%}_33 @PYlrdeiner ghrough a
recircﬂnié@(ég éllogggtéfc]h?ﬁ B 1A%l Jrhk %&Zle(régg \l/hﬁgénl Tﬁ&e@iﬁqfﬂp?%%ﬁtte% into the

ner I's I nmpreg resin in
impregAdiie TRABAS] then iclrdshe femMarashat, fpRchtmgangddmipt ddingnivithin the
_.and positioned within the existing pipeline in a _ '
existigg pingpsed Toe aew, lingt eafectiyily sbals nay sracks iapd reppirs any pipe section
.downt ube, .i nf.l at.i on.pipe _or copduit -having.an el bow at
or pifa o geriniof dh JoaR: RoRGyef Riist drkeep SRy SHArHoY of the
. L ass , . .
O P P B R e R Bipgline wall so
as to priogideadidad sfru¢then] bapporofur dhe pordindmgénvitoanenbow and
inserted into the collapsed liner. The coll apsed |iner
[00079 t hivheh NRLEDSH SJukdtD ir® ?‘naiw linki§ 4rleeihshOsd by Mg paYish-and-inflate
and secured to the cuffed back end of the inflation
methdgl, dlakibner iadmpregnated gvifh st insthe Isame manmer as insthereyarsiquuiprocess

and 8 AR R S S e Mt 1 o
typica{?‘%fl;‘sthgéﬁ&lf, al 8w RLBOYnABorf PyREol BSndi@ hARREYn! dIDGK ok Fhe lower
expand agai nst the interior 'surface of the existing

end icpodtibphed Withirewme resisting aharthode bnbhtatss poindlaadder everting bladder is
continues until the bl adder reaches and extends into

passeg BTN 4R SNl MRENEH W ABFd CldeeS9chop YRl thar mawtly of the
horizc%rﬁéﬁe%cg(lﬁg{l!&f el el%raﬁris%l : in@%‘{]oi\?lﬁ? %ﬁéecdlﬁbgé&]ﬁ%eris gfﬁeagoqla%fsed liner

ing con S 0 cure?
withih (e &bk Bohduitis Pelichoodd hek agldsefgeda@d e cuffed back end of
i ntroduced into the inflation bladder in nuch the sane

the inflgfipe blagser. nAnreyertingufluidi sichl dshwater, del then fed anterilie dpwntube and
the everting bl add to.,cause,the.resi i n, the )
the WpiGF pEGSRuE A< B MTltion bIAddRE ORIt Rt thhorguytal nastion of the
r‘ o r‘. . .
oo ) LS 1l i 1 LAy RE-ASTPYAR i
condwnd Thef dvereonef i irdftivnl bladdert domtiaues shidhtheeblhdder reaches and

typically. . require man-access to _restricted nmanhol e .
extend, dpte s dowasitermoERARelS & BRFPNA ceess PRIBEedY. thipiime the liner

e [ [ - 1 / erting .
prss i ARG, PRUARHTEL] SR SAS0CGRAN B M, UL S i
initiatedtby intiedecldnagfed cliting fivdi&08RbdiRRAan R 188 Sn0dtidioMadd in much
liner is to be installed a curable thernosetting resin
the sange mepnelyafathe degirpudptiondlinectieh tatheomdeoft the gyertingdfladder to cause
Liner, by a process referred to as "wet out." The
the rewé)tm&]a? YIBPTSEQ%S‘?B@é'ﬁ%ﬁ’a?‘F? I nvol ves injecting resin
into resin absorbent | ayers thr_ou%h
[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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an end or an opening fornmed in the outer inperneable
film drawi ng a vacuum and passi ng the inpregnated
wo 2ovs41788 ough nip rollers as is well known i nPeCH@ES2004/036629

lining art. A wide variety of resins may be used, such

as polyester, vinyl esters, epoxy resins and the I|ike,
which may be nodified as desired. It is preferable to
utilize a resin which is relatively stable at room
tenperature, but which cures readi|ly when heated with

[0009%i r ,Regaedlnssoet how therdiaer isdo %E}S@éké& eyablsphepnossitog resin is
impre%ﬁ%é@ :i}IE}S 31’1? fﬁ%ﬁ}?\%‘t{%{sﬁb%é{ fgg?fél Ha8lne 'b%{%tt R/rgléef(jsg ijngéerrgﬂ %o 5840et out."

a liner
The v&e@%ﬁ@ﬁf&teésogeﬂe&\}%eﬁ%live@ thjédtinign@kinUhey 185 SDsoffeheRlers through
No. 4, 366, 012. en the |liner has i nner and outer

an enidnqreamepohing formed, int the ouibruimpernieable fily, Peavengp veelum and

.flat and slits fornqed qn o ite sides of the ..
passing {he, igpaznated tingh firpug I FIIEE At 15 WETOKIOER fn dheyliging art. A

i i | | 4063 1Pat I i
vide G183 1, B0 BRI AT BT R e
like, hichcinam bé rhédified ais| desgeéndltal preferbblaen utslizhewasinnwhich is

U.S. Patent No. 4, 182,262. The contents of each of . .
relativehp siableatapew tamperapier B et el cwies Eeadilyyvhear hgatqekwith air, steam
] . f .have;. i . e

o o by RGO 0GR RR S G0 SRS ALPALRSA®
| adder into the pulled-in liner fr.om roxi mal. . .
[0010] 35 isthe roge: e woline R o1 oo DY SEAHED ippscenation i
descrl{grbcgilﬁlm ff65E PR Bhient No2M 468,012 rV\ﬂrié‘ﬁe%F'lt P hhb€ner and outer

mal access point to ifnitrate cure e resin
impernigabrolgesd theagdilar Tives npyoee swppiiclefis dndeslasVamteglgen opposite
of faster cure due to the increased energy carrie

sides pf hes flatipnesslingieand eriginiaciadgand-pindpd: sidehas 9?@%@2@ T the '063
pacen Ao S BREREYE! 5y ol RIEE ok e arving o

vacuuh QP thé tRNEhd iefd dfhiebligdershoWinOidt RES PRARENON 4,18%€262. The
i ncl ude perform ng the eversion step above ground. For

contertsaiphel of thes: SateranemimcdiporaedzereBly raftrenes.ocess
i ncludes everting a calibration hose into a flat-1ying

[001101 ni Receho 2€fobts Gvere dseet NAladd t®@imddifyptid puld-iti hadhagete method to
assenbly into the existing conduit. This process

utilizggisitasvere oddesiinie the pylledimbiaer fom 3 graxéyal agopss point. When

the exet B S8 oo BB abroen gt s O o kel o broxinma
acces$ YBASId itk ENEIeF 1R foshYBhSlcoNaibd IhferTBMUIAGEE Bffers the

| i'ner having an inner coating and an outer coaiting so
advantget ofafastari cuge theaite theamcbemsedhenagyoadriet bgdhe yteamt as the curing

i L ok Sl S T S R Dt
RIS BT Aol MRERE LR WA MIE! it puteain
liner @msheletpeaforingig tharatbisivg dtéyeaboviergggmed. €Hor 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

inner coating and an outer coating so that a curing fluid can be introduced directly into a
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liner and to allowthe liner to be pulled into the

existing conduit and the inner coating is desired to
wa@bdospoerrseuring with the steam [0013] Notw t hBCBOS2004036629

the nodifications to both the eversion and pull-in and

inflate trenchless rehabilitation nmethods, both

processes are | abor intensive, require an eversion

step and suffer fromthe increased costs associ at ed

with this. Accordingly, it is desirable to provide a

pulledrint higgr-anbhe disad vaniagesohere dvolnen dae yliffiepttpgiaaed mgea trying to
o YR R B PR BB e . ot
impen®@bH cdatings. almhy ke Aohfitl rdraifs CHBNCS: Waﬁ&liﬁrg‘ﬁle imlpregnated

~ invention, "a non-pressurized resin inpregnatiomn towe
liner fmt ta abbove dnatinergtosbecpuléad into fhieamdstingnemdsiti andlthe ifirer coating is
. pull-in and inflate rehabilitation of existing
desm% t}ggllifgggum%g E’r‘%\fi“ﬁé@?mﬂ'he i npregnation tower is
constructed to have a sufficient resin head to

[0013] mpr Ngfveithstandéng Si modifigatégnsapl tothrtheevesiopasdipudl-in and inflate
M N 0N N —
step #hdrs@efet ¥roRY Ble RcFabd®@ost askbiGale@Ryi® tHifle Al ngne@?,git is desirable

pul | ed down through the resin in tower and un
to provad¢ erméthod laed baperadfs foheohtimerushnimpiegnating 4 kumdgin place liner
t ower é%é_ﬁlal ibratjon rollers at the top as it

.th
that lseg?&teswraﬂ?% Bueutemepsrmeahle faYgE-apped with an outer
resin inperneable | ayer and seal ed. The outer |ayer

may be sinply hW@%‘F%W}i’H@H\WEWIQﬁ bond or

taped. This out s the resin

R T T —
imprelghaigsn tosver fengRcrepeatirangcirde in PUick efhet BhiGabld CorSiiiSin 9 inflate

conduit. [0015] The resin i gre nabl e material "‘can be
rehabilgatisriof existing pipslinesnid psevifled The ampeagnetign tfwandy sonstructed to

have @2@%@#&?@3{% gl'det%]zlpl%:%g(y S}Bt igg}gq%l & mﬁgegﬂ{ g ?qr%@gf%p imna%érial passing
therethRuhi A cohtihnRRS 1&BIREE ﬂﬁr}resingﬁ{for Ble ri'ﬂgiéqﬁad g.g)u%ag shape is

i nper meabl e layer on the inside“that may be
pulled Heedtlypoegreatiller mather foplof tHétewvdr arel putked devi diroegh the resin in

about form.ng.device with the inpernmeable | ayer on
towery ‘I‘*iféj{J Bﬁg%fi @éf,ghgfe&} de i%ﬁseo AE the tewer anmhviben vBn&rouginther tower to

calibr@fish Hlfe‘i’srﬁf’ ﬁ%t tt%g ra%ﬁg %ﬂél?su io’gﬁé %e&—%&? HEL & Eﬁ%ggv%%;%%gtwith an outer

devi ce e ou now the resi

resin imayermeablel Jayer snd Saledar €hé ORe Wik @hyabe sMEFPRRE: Yaldd using a
an_i nper neabl e pToI ynmeric layer to contain the resin
t

thermal, hond | gwtapse. stldisgutaanteabundrelygendeapsilatasetheatasth impregnated

[ int.q 4 he exi.sti condui t.. The jpner. |aye ,
materlh A5 g0 1%, ShSenl Pelitaniie i s S repign 2s the
liner it f@nSi R dIRANRBERPUI GBI theRRisting conduit.

[0015]  The resin impregnable material can be formed into a tube and sealed in a
variety of ways. This includes conventional heat bonding and taping, sewing and taping
or sealing with an extruded material. In one embodiment, the liner may have an
impermeable layer on the inside that may be bonded to the impregnable material. This
liner may be formed about a forming device with the impermeable layer on the outside,

sealed in one of the conventional manners and then everted continuously through the
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curing fluid. [0016] Accordingly, it is an object of
the invention to provide an inproved net hod of

wa@oos@47788 pl ace rehabilitation of existing pi prCT/N8R04/036629
[0017] Another object of the invention is to provide
an i nproved apparatus for inpregnation of a liner for
cured in place rehabilitation of an existing pipeline.
[0018] A further object of the invention is to pr ovi de

aratys for inpregnating a resin inpregnable
meHFlSn%}r)Vp L% apter AR 1B RSy thasesn | abyerbentilayep| e fayers that are

lmprf%ﬁ%g]hc{n$2\t§ragﬁg?%kﬂ % ﬁ1h§§}n9e{abfeﬁfécﬁ&ﬁggﬁﬁ%l peI | nc%ﬁgnn the resin and
allowpfomstcﬂ&gaiﬁlnd pphi gelﬂ ﬂ’ﬁ'%)i’eg%atéfi 1i¥esR UARCHh reRiing@ on@8itN The inner
npr.egnat ed cure ace |iner having an outer

layeriShfa‘élri eneethap ig 1rngermeameatpmndgreslﬁtanbm theulnigh tempetahges of the
tuﬂput use of vacuum [0020] Yet a further object of
€ I'nvention is to provide a nethod of inpregnating a

ure in ce |iner for pull-in_ and inflate
[001 ﬁ?%é@lggr Bl1s; aeohifgitof |th%trw§atlorr toprovids; a1 jmproved method of

curedLi ?{rﬂl ﬁ%lﬁ@attlo?lfof{e;l%tﬁlg\p?&lf gp !s to provide a met hod

actur n nated cured in place

|ne \Y, | er [ erneable | ayer and an outer
[OOﬁ] tzIBT p Ef in EQ’]‘ 1§‘>t‘i°| Pméy REr apfosed apparatus for'

1mprég’ﬁ§t1d>r[‘ yeMih&nrok %ulteg iRl ??é@g Ql@ha%l ﬁ Pl ¢ ﬁ%ﬁl\ﬁg ﬁ]&)teﬁflé ng

resin |npregnat In p ace

nt egr [ nea ayer and an out
[0018.1@685@%%%1“&3% TR a1 rof s, et s for imgegnating a
resin &ﬂ‘gﬂégr@@fbs lﬁlfertﬁhﬁfnhgwa%ntiﬁﬁé@ Wy énﬂeﬂbl@afaé/epes ?c%feo!f'&r trenchless
wll in part be apparent fromthe speci |cat ion
rehabjlgatian Oﬂwgstmg/mpt:hms accordingly conprises the several
steps and the relation of one or nore of such steps

[001% t hYeteapsthér bbjeenoll b hbentRinhgr fo prBEIGRRAIAbYIES method of
manuga(c nbodyi ng features of construction, con‘or nati ons and

FHR g n?eﬁ@%ﬂmpmgr@tqdhwre@ne plakepliedt havies fectutsuithpermeable
duct,s_t ossess t he
coatm?; ar ac? Eﬁillgs{j1 ng{lg?%lgtlﬁ?%g ‘rsﬁoéé’ aCYHY: t he

i,on.of conponents, mhlch are exenplified in the

(00204 o ?%% et blest ofifhecinyeriian isdadrevide sovplodiofimpregnating a
cured (FHEES LR M iRk B Gk Do e lﬁgfﬁl}r?ﬁ?%rg

e PR e A LS S i
resin ARFIRERABY IcDEAPIaBY (fkr hAn¥ U Rner impermeable layer and an outer

impermeable wrapping.

curin

[0022]  Still another object of the invention is to provide a method of manufacturing a
resin impregnated cured in place liner having an integral inner impermeable layer and an

outer impermeable wrapping.

[0023]  Still other objects and advantages of the invention will in part be obvious and will

in part be apparent from the specification.

[0024]  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

construction, combinations and arrangement of parts that are adapted to effect such steps,
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[0026] FIG 1 is a perspective view of a length of a
typical resin inpregnable cured in place Iiner
waniosawi7es f or use in lining an existing pipel i PET/O5200He36629

type generally in use today and well known in the art;
[0027] FIG 2 is a cross-section view of a cured in
pl ace |liner having i nner and outer inperneable |ayers
constructed and arranged in accordance with the
nve Cg{c £0028 FIG, 3 is a schematic view of the

and ¢t 515;5’5? T‘é} BESSEEY ths esaat wtlﬁsaefeatﬁrﬁér ppwettiesnaed theheelation of

I n i nner

compphei i 88 cRPBHKE] in & o U8R dPlshes AeloRey ) f scope of the
invenﬁbﬁpx&ﬂbéurmﬂca@édmhﬂeﬁllaﬁﬁﬁ in place liner of FIG 2;

[0029] FIG 4 is a cross-sectional view show ng the

structure of the |nner oortlon of the |iner produced

by the appaBRlEd RESEREPTHONA ¥iSegnat ed i n

accordance with the i nventi on; [0030] FIG 5is a
[0025d c hehert & dulley widevstariding of dh rrg/eatwresneferermpnegmdt foothe following

and tube sealli and wra atus _for
deserip0R AIRH T, FTR e T WHE dh e amBaRaYE FreeGREE . i Bbistand
rranged in accordance with the invention; [0031] FIG
[00268 ; sFR. dr isspesenective visw t)ﬁélfé%eoﬁéarm«rahrnsm mmptegneble cured in

wra appar.at us .t ken l'ine
place i LRof0fe 8 B iy PRSI e Ao ibe vl s today
and welllrR@hdingHe hitner prepared by the apparatus of FIG 5;
and [0033] FIG 8 is a schematic in elevati on show ng

a f e I:
002747 PR Bl S AT g PR T g o snd vt
imperpeeablerigyerheonsttictod ind hn@iget i act@Rdmct Wil 15 WivkRfion:
havi ng a tubul ar wappi ng stored thereon; and[0034]
0028 G F1%;.13 N oy -
0028 e et et S e REN S Ryt ofet BBt/ int Bter porion
of theEMBdﬂi\N/Eg\HlSOﬁ‘@ﬁ 83 laperresih an immer Bighategeratiie ﬁollyﬁleﬂlc agger used in
i.ner .prepared in accordance with the invention has an
connepﬂ%}m RECR3TATION 9 ﬁlﬁfe?mm ®agq lergf EBGtdiat it can be
installed by the pullin- and-inflate nethod and
[0029j] nf | Bl d isndrossrsectional ticsy $tmating the stiudtuse ofi thetinhérepdrten of the

an .i ation bl a ner .has |nner and outer
liner Rrﬂ%% e BRATGHE sei; ?%ﬁg)f% cingypEeeaiediig appasganceavith the
invenfiéh;conti nuous lengths. It is inpregnated without use
of 'vacuumas it is assenbled in view of the increased

ff e ry to.i a flattened |iner
[0030F2 1 335 SRRt IR AR b r e S rbraanationpanand tube
sealingmndmpplhwﬂi%ﬁm for | aBYBing! gh Blter impermeable layer constructed and

arranged in accordance with the invention;

=

[0031]  FIG. 6 is a cross-section of the edge sealer in the tube sealing and wrapping
apparatus taken along line 6-6 of FIG. 5;

[0032] FIG. 7 is a cross-sectional view of the impregnated liner prepared by the
apparatus of FIG. 5; and

[0033]  FIG. 8 is a schematic in elevation showing wrapping of the tubular member
exiting a resin impregnation apparatus with an outer coating by passing the wet out liner

through a tube stuffer having a tubular wrapping stored thereon; and
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convention vacuum i npregnati on technol ogy. [0036] This
i ncreased effort is evidenced by the process suggested
w0 noostog75at ent No. 6, 270, 289. Here, above gr opemUs2004/036629

calibration hose is inverted into a flat-1ying

i mpregnated [ining hose, or an inpregnated |ining hose

is inverted into a tubular filmusing conpressed air.

In this case, the length of the lining hose

approxi mates the |l ength of the underground con h_%o
[0034]he. FIGeRiis aTnessiSeeaamPigHe SRerGhepareb By P&érat%é)

requi res an unobstructed | ength equal to the I ength of

the | | _
i el o g
[0035]: gjyi\(f:t %Stﬁneflh‘%é%%a gfr;l%rtgae@loa%er ' o7 pqgéi}gcgtlﬁef‘cc@fdahgg with the

mvent{dm{a%gﬁl%h&rhndﬂﬁté‘r 1h}°pe?mgzi‘tflé 'hﬁiﬁgt soatﬁgt i B&i bé edsedltedythe pull-
I npregnate lining tubes. Thus, not only is the

in- andhaﬂgtemne‘émﬂramlt inflataduandabgredt wigh |anlmaeeghﬁuidawmh9ut the use of an
ficult 0037] FIG 1 strates
inflatieh bladire’ £h¢ baer Besipabiontd Mkt GhomiseblRo GRS Fastnesiqy lavers

and is lﬁ%ﬁ)ﬁ&@?ﬁ%’gas u‘gﬁge h?ﬂ%@r’mg f1§‘ éﬁqpfegﬁﬁtfgfi é){ﬂIP{etg]i& rl}l!sé of ULE®BHn as it is

assembl¥d i §iBb b i efehsdd, effore he@:ssay fieimplegyate alfattemed ﬁn@er having
an outer inperneable polyner filmlayer 13. Felt |
a resmzat&ﬁdae@utr@&terp@l hefuveen gk Anngreand japc g a\m?ﬁgnﬁa@% ﬁyer using

14 f A tibl
COHVG]P%%I‘E%(B]IU owléc)r%én?q%ﬁlﬁ%gé@%? |mn§; at gggp gr ! ex;3 ruded
10036]' G morsgseshelivd it RECPRRFE B HEPEGHS SHEESRRE iyl . Ptent No.
6,270 ?Er our%out A | %xloldﬁar gt Sﬁlﬂrg?gﬂ Gost ?ﬁnqlaes - 1nt0 flat-lying

hl S descri ption Iner 1 nc nne

impregnded G?Ihlr% hewpd afneintlpl‘egly[eftéd linirgy Bosesisi invbeeld antong tebular film
seam | i ne positioned at point in the tube other than
using gppreseest albn Ipthis eage, Ithlmlﬂlgth of Batlavng Bese appyerimages the length

of thef Bp(ﬁ%g;ogl:ng &Péflﬁn%)rzb%/m d%{%p’a %g?}éVéf%% %}1 Pné Scuﬁg] %ikide the other

TequirbdTRi aﬁ&@s&mefedl 1eA8h dglaltotRB b us tHeelbaE kbt l5yes!t Of 8@ td layers

a refrigeration unit to suppress premature cure of the
had notebaan prcvmslyu isnpregmatedtit toukd besnec@danyemgmjﬁcaﬂ'cm between the

tayers i Bt Byt O s oy llat St o St eBaliPui aifeciage mipgenation. This
is a d&ﬁ&ﬁ@&nd—m@?ﬁc@ﬁt W5¢ 14 ¥R egjlnirlt{é%flr ﬁ%ﬁﬁ)e T'fﬂ'u? not dudy i is the length

erneable to water an Oow use
restrictet], dut aled thwain®irematioaiioBxdamelgsiiffichkd above Hovvever

inapull inand inflate installation in accordance
[0037YM tFIth 111&%%& £ Pexile cdH 8h p%tlhfég 190 fithe t}hjen@rnerally in use
need only be sufficiently inpernmeable to allow for

today @ad wdihmbwmgl Hechrt. eLﬂw_r I1dris gormeelsiromaaidedsd ope éasentof a flexible
resin igq?;ggg@qbion}atge%all ! sqfc}: agsa elt layer lLé Le?v(iiné grtl %u%e? ?m%)éll‘nslééb?eg polymer
film layer 13. Felt layer 12 and outer polymer layer 13 are stitched along a seam line 14
to form a tubular liner. A compatible thermoplastic film in a form of 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
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[0039] For larger liner dianeters, several |ayers of
felt or resin inpregnable material nmay be used. Felt
wo ays0$7732 and nmay be natural or synthetic fl er€bUS2004/036629
resin absorbable material, such as polyester, acrylic,
pol ypropyl ene, or inorganic fibers such as glass and
carbon. Alternatively, the resin absorbent nateri al
may be a foam |Inperneable coating 13 on outer
[ nable | ayer 12 may be a Iﬁflefln such as

I re
14 in QSP delhiayend2 o Oyset fybdwlléﬁ@t o mﬁ}rllaxﬁnllﬁrmrthensi@med around

ol yvin or.i de r.et hane as |
oner SR MCTLL S oo 4ROL L A0 B e i o
refrlg@tratlf)h %ﬁﬁ 8]0 ﬁt)r@& prémaft¥ cﬁfé‘k?f‘ thé 9&‘(1? nLﬁfé} 12‘?@&&%&&5 desired
used join the material into tubes. e Initial
lengﬂsaﬁtpr bamgpullctd b theessstingipsliriet at isoout pmst & bahg emaried into the
i sting pipeline is prepared by cleaning and
eXlStl%B’é’&ﬁEfn ng. [0040] Referring nowto FIG 2, a cured

in place |iner prepared in accordance wth t he
[003 8il nv eTnlﬂliBbhl o therypm 1liustretedss FsI@cﬂ iipimperioeableo wager and air. This

T N PR
inflaté TREANIBRA!E dcB¥Randlwithathe g%%rﬁ‘lohh ki {)I?CH: c8 t1r{%e§+ gt)lleelrmer need

i npregnabl e | ayer 23 bonde ereto. I'nner fe
only 1tﬁi‘asuzfﬁt:ifxantlypmp|errmeiz>zlbdae toagltow 26 dway Haméling endirebittivh éf resin and to
a row f stitches 26 and sealed with a

Preve{“a%é”%gfentﬁﬁﬁ? lingr asvikis nadled anfedhoexisips Bipeliref el t | ayer

wr apped about inner thin felt |ayer 23 and
[0039ﬂ or nl%czi lerges limer disendigrs sseversth dayez9 of Felh at qusm anpmgnéﬂe material
ut o

may by e B 1B oAV e TRE 0 RTBEIH bl SRR bsorbable
materi%ﬁ'tﬁfch' ng%?&' §CIJ¥§{¥ Z{?(ﬁgﬁo@#eﬁe Nt 1%?@&?@ ?i'b%éﬁs cﬁ\ﬁg 'lass and

[T ner d or’evert~an iIn

carboml a‘dwemata)felﬁ rthe i‘HBlﬂ abserbena snaderéad il bed fodih 0 Tinl Ermeable coating
exi sti nl%Pcond Thus, significant saving in [abor
13 on o‘§’tterat1 FReng 1ﬁe ayer | iis RRY A6 @npakbveledinai Sushl as molyethylene or

polyoRpr® b AR B0 B RLSR TG0, o SRR o s wen
know it t}dSarar enynforadifcedind) tadhédive bbidhg e mm&m&msig or any other
| evel to provide a safer work environnent. [0042] Fel

convepigpg maeans can bexwsedetp join ﬂ'n?pm@-@imﬂ a@ntoj tbesh e I sheainitial step in all
vacu rnat el felt |layers 23 and
tfemh@%saf?@a‘?ﬂaé‘%n a*ﬁ%seﬁih%m% & RFLRG S HERATSS, by glgpning and

videota nmeabl e vvrappl ng 31 is applied. This avoids the
difficulty W|th|rrpregnat|ngaf|n|shedIlner haV|ng

o0iof & RUBYEG AR 2 P08 SO SHLPS HIBGEA Sodsnce wi

the 1npélﬂitﬁﬁﬁjshdw&% IcRGkstsestioh. | M.ihée2f ¢ oh@iRted!st Bnilar fashion to
needl es inserted into opposite sides of a flattened
convegphers tinge tldd but insludestins inmpe tebiilanmestper veith an inner impermeable
layer 22 that has a thin felt or resin impregnable layer 23 bonded thereto. Inner felt layer
23 with impermeable layer 22 has been sewn along 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.
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cutting and patching needle holes in the outer
coating. The vacuum i npregnati on process taught in
woL2@s/oPasent No. 4, 366, 012 woul d not be suit abPeT/ust08$836629

the vacuumis drawn on both sides as the inner coating

is a barrier toresin flowin a liner with inner and

outer coating. In order to overcone these inpregnation

difficulties, liner 21 is manufactured from endl ess

rolls of flat coated felt and plain felt and .
[0041t ontBshpeavédipg iankines drasingdqsh imter taod et ispermaatde 1ayere it is not

e R RSt b0 R S e o

has b@éﬂy?lﬁfedt o TRO¥LREAS RBAAML. K TRV ﬁﬁﬁ'ﬁgﬁt §R%ind S MHRY cost at the
felt or other resin inpregnable nmaterial 1 nto tubes is

time ofuhstaldatéon &eravexiablpl df atsumdleowsafor mse fob rantedtddycurgeg Bid such as
vari ous, gl ues gr adhesiv as, wel| as flane bondin )
steam QAT Frdye RS sah e85l A1, de h?ﬁﬁ%cl Hukls @emyequcsd igfp the liner
below' g'{b%[ngf ekl t!oaﬁfg{/idg% sQ¥r Wi(%h{?lgmﬂﬁeﬁtdhes! ve strip or ,
extrudi ng a lfayer of polyneric naterial in order to
eal e butt.ed es qf the felt material.and the.
10042)o1 dst By REG-CIN A VST BHFLE B Vgl imér eing vacuum.
AlterrB&VER f89 1 tZE dHd28 3re ﬁrﬁﬁhﬁgg%ﬁa@éd GRH fé%%fgﬁdl ¥hen an outer

ormhg a l'ength of a tube o n | npregna
impernehblel whapping 34 segipdiddi nTikis dvaydy thef diffipdtyreatil émpregnating a
. material is sh?vvn. A roll of coated felt 36 hayjng an
finisheth dineis Baying ek laers betvesn apiiperadnd eyysr Heppmeapleylayerzgln U.S.

| Rr.f i i | er in. flLat '
poe S SOV P V55 0 ATy A s
inserted 1Ro00¥RdsitEudiges’ of A NgtdiRdi ehstlicledclintgdes Thist opath@sn requires

_support frame 42 and a seam ng device 43 that may be a
cutting @l pgtching negdiniolaninhiha @utegicontieg. nhbd va@ius: imprggaation process

ondi at [t 37 with i rmeabl e | ayer 38
tagh{ S0 $oBfR 36 4o0 I 2tiofHf i 58 ahTBSE TiFes Fuc FAcGipil v on
both difed ACHY PMbFBbatBIRisOf barRE td PETh THvF QY b Afhet Wit §iiRr iahd outer

I's wapped around support franme 42 and seaned into a
coatirfgubln ddlealttonyeroseatimesd maprégnatidnhdifbedltids] lowr 2Aels manufactured
on_the outside. Tube

i nsi de and i rper neahl e | ayer b )
from @mﬁ?wéﬁ 5% §E’E cgatﬁcigi?lh @ncﬁawre gﬁh&rﬂ%@ﬁ@wﬂaﬁ@?@na&d prior to

- ol lhhne 46 to form an inperneabl e coated
appll@gggggpu%g%n%ﬁ@g?ﬂ& [ 0046] Taped tube menber 45 then

ontj nue trayel n byl ar .suppart frane 42 to
100435, W T ek X5 end e S IR EIGT L rHGR s by Sfielife ancror
tapingt2any! Atethe! %Bﬁvéﬁi@ﬁ%ﬁ%‘@loﬁl hgho V%xlt %gnhﬂlgo faH R Bfher resin

support frame 42 so that i nperneable |layer 38 I's now
impregnaltlbendtesaldatwfubes is suitable. For example, tubes can be formed by use of
various glues or adhesives as well as flame bonding. Tape may be applied to inner
impermeable layer 22 on inner felt layer 23 by applying an adhesive strip or extruding a
layer of polymeric material in order to seal the butted edges of the felt material and the

holes formed during a sewing operation.

[0044]  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
is fed over a directional roller 39 in flat form with coated side facing roller 39, to a tube-

forming device 41.

10
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tube 45 as it is withdrawn fromthe proxi mal end of

tubul ar support franme 42 along a |line defined by an
wa@eoosimuBss At this point everted tube 45 has t hBCT/US2004/036629

structure illustrated in crosssection in FIG 4 wth

I nper meabl e [ ayer on the inside of tube 45 and felt

| ayer 37 on the outside. Tube 45 then continues to

travel in the direction of arrow B for the addition of

one or nore plain felt |ayers. Tube 45 is then stored .

[00457f or Tiae tformingséevicer 4b peadudsist & e lauswporinfamgetioprd 2 seaming

deveey P b B el BB HEEY a8 B pr e boncing
apparafi2 AR wifi0ddlerfibBle Riyet BYFAdias £511drB 9SS edTRt the dirketion of an
I npregnation of a supply 51 of tubular nmenber 45.

arrow Herte, the iirexidfali endpof ke faymangalievicef4 T wtiisee itcisveragped around
suppofane B Sescoth o npr A leTee e B8 i S o on e
... t I. i i _ .

msice S BERDGTE P S8 ORI, IPAPHE TR Pl dvice 4

wherefdHabe 18 BYlagid dteearndide04@ td Gorino an rinipeanedble thated taped tube
turns tube 45 in an upward direction to a pair of
membeo#pression rollers 61 and 62. Tower 54 is about six
to fourteen feet in height, but can be any hei ght
[0046F uf fllaped nibet wemben4 lthea contissesrte theyvalialougftiluilansupport frame 42

wet out and inpregnate the i egnapl e | ayer. of tub .
to an inBertereng Ay gHAeHEIRCI4 0] YRR bt Rantl i e ig 45 s then

verlROGHBRLE ) RRER2 S0 T d By BRI oo s o

tube 45MHREBNRTh@rat@t fesrhahe prgtirhilecrgipefdbalar fggubrt framegh dlteg a line
tower. At this tine, 1npregnated tube 55 exiting tower
define§/byi an amawyB.f it this paint grertasi e @ thes dhe Yrucsyre illustrated in cross-

. bl. ti 11 0048] At .thi [ j
oo FRENGE S FRBL phae AL Ay Bl ab B o REERIPLS: 37 on
the ouZé]dé!r TaBe B5ithed 86htidik®td Bhdl i8MKe BR8ctRIn $O4FIVB RirfBe addition
4 1n the direction of an arrow D and is envel oped by

of onewermbraglafin fett taybrs. 7DubeAsS fsithem stober] i fugthes/ese; sarapped with an

edge seal 73 is displaced to e inside of.tube 72 so
outer (INREITARIGEE RISy PTi1gay ﬁ)gp&sgait EEF%ES@ PrigF ey HURIEENA feStep as

sowPa 1, S pHERI B ool 2ops et ot e 7o
oo U, SuRUASL Rt IR k! BB RLRS,EE A 8 1P woutr

memH;egJ ﬁg.alfflhfi'&i 2B Siistig Buﬁ&pﬂyﬂl 6 ﬁlbbéisédv%k%dpdgﬁ?gkﬁers'i 52 and 53

m wr appi ng and seal i ng station 63 tha

into ahruplendep resif dower Spifitled 8¢ aharedetgrraimed Abed] veitil a B4atder thermoset

~an outlet end 64b and an edge, seal ef. 65, positioned
resin 35 dOTh N HUTSERSION BF!-PBr WBF 653'; P g3 Rassgp Pvgisrodler 53 and

downhé ?ﬁlil rfleight of tower 54 to a bottom roller 59 that turns tube 45 in an upward
direction to a pair of compression rollers 61 and 62. Tower 54 is about six to fourteen
feet in height, but can be any height sufficient to provide a pressure head sufficient to wet
out and impregnate the impregnable layer of tube 45. The height necessary to provide
sufficient head to impregnate the impregnable material is dependent on the viscosity of
the resin, the thickness of the impregnable material and the speed of feed through the
tower. At this time, impregnated tube 55 exiting tower 54 is ready for final wrapping

with an outer impermeable coating.
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i nperneable filmmaterial 67 that is to be wapped
about inpregnated tube 55 as it is fed into fornmer
wW@Rs/ 067458 Resin i npermeable filmmaterial 67 iBCT/@82004/036629

fromroll 66 about a series of direction rollers 68a -

e and pulled by a pair of drive rollers 69a and 69b as

filme67 is fed over rollers 70a - d to a forner pipe

64. A deflector at outlet end 64b directs film67

about forner pipe 64 prior to being fed into edge . .
[0048]s ealAe this Firhoirhpregnated mB6SS exiting opanéory owirt34 e digsction of

seal 73 extendi ng t dly therefro tube 72 )
an arrqmﬁgysrf@g\g}tg gt ek (g&ua c}l]%{gpp[ Zh1B¢, gjl F%m?eqlreﬁﬁﬁlé of g.{a arrow D” and
- AL r [ FRdi gat afsr t @dedl i
s Qb BBy 08 7231 RRL sl By edtell 72
displa&ednfol thid GHSitly of'tetid B2l sb rihan ddge sbait & isodispdsefl dretweenpinyeregnated
64 and onto inpregnated tube

55 and pul]ed i h
fube SSppubfil Wbe J&t | ArvTHRIES WPy ke G45hehing Bisf-B%t wbe 55 and
0050], Referrin E i C - ' i
oversh SRELAPELEL M A, Sl A BB ke Y 1 o
refrigdratéd tick FoBEt8MEe a @hf?ine%ufm fRtabidgenseal 73 in film
tube 72 as filmtube 72 passes over the outside of
orngr R 4, . t 7211 . . .
o Tty YRGB, 768 357 £y nsonty 9 o
includes QMFopmiel Qlipeetdl Hogngodn tretnend pApenéan uietrend 64b and an edge

i npernmeable film72 may be applied prior _to f :
sealervist positionedh abpee dbg émd}/ﬁéﬁféoﬁ %Esfor@erg PIRSY 6%'0 &e‘fofﬁohgrd a Tesm
. tube 4 repar sh ' | ] ] I :
mper g9 RS Lo T EAS: Wkl Byt B e
into 4 OPR 440 ReSBSingRGHieMle! filnfhGterfal 67Tid Ridsfroaseoll 66 about a

resin rnpregnable material is not inpregnated. [0051!)
series Reffdirection rolters 682 Fe@ndpudlnd dyteepainof davepplorspPsangpob as film

. Wapping. an_quter inperneable tu 1 .about .
67 is fedmegralies 7Pand ts&%gm%mﬁ%_é‘edgﬁsﬁ??g%zyé"z?mﬁére&d 64 directs
i 00 B R0 DK EOBaEd S B AR 66 o o
tube B aith dhedgd she Boexitendieg oinvardly Sierfffem. piybe BBof impermeable

having an Inlet end 83a and an out]|et .end 83b.
materié freq\ang elangnierars s Gdsis puilad &41‘?059% ﬂ%gﬁﬂtf’% by @y arrow E to

. i d iC el enent s he ufp. | 8%
e HETAEL RS A1t R yBlo KB o o
interi6f of tHfrh&" pgiep64 &3dhamb NenRegratdEtutends &3d paldedain the opposite
outl et end 83b. Inpregnated tube 55 | eaving resin
directiawimdicated sy & dashiedtaorownFet end 83a of stuffer pipe 83.
As tube 55 enters inlet end 83a of staffer pipe 83,
[005(]TPERBRADE t6 UIG. Bla bospubdtuiabliewt theowgtt sdatke G5 and former pipe

staffer pipe 83 and everted about inlet end 833 into
64 al@ﬂ&hlilméiﬁg{l@ HG. StiashewnpSpuensd igmsRAgespe 7%%@3}1%1538 2 as film
tube 72 passes over the outside of former pipe 64. Once tube 72 is everted, edge seal 73

is now inside wrapped wet-out tube 74 as it is pulled from outlet end 64b of former pipe
68. Outer impermeable film 72 may be applied prior to or after wet-out. In the case
where this is prior to wet out, tube 45 prepared as shown in FIG. 3 is fed directly to tube
forming assembly 63 in FIG. 5 and provides liner 74 shown in cross-section in FIG.7. In

this case resin impregnable material 37 is not impregnated.

[0051] Referring now to FIG. 8 an alternative apparatus for wrapping an outer

impermeable tube 81 about impregnated tube 55 is shown generally as 82. Here tube 45

12
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tube 55 as it | eaves outlet end 83b. This forns a
conplete liner 86 having inner inperneable |ayer 38
warp@sout7’es | mper neabl e coating 81. Tube 86 w t PCDUSEN4/036629
coating is renoved fromoutlet end 83b of staffer tube
83 by a pair of drive rollers 87 and 88, or other
pul Il ing device such as tractors, in a direction of an
arrow F. Wien an extruded tube is used in this
enbodi nent, there is no seamin_outer inperneag%e
may be dapreggey. inTthe saweangnner eadessiited ipropaestig WilheVggout tower

ol t hi LS.t . j 3
4 in 1% oL PRE AP on b B Pl nto Y RE% B HPEeid®a and an
outlet EA@838D G fedbn8O QubRedls § usdd i"PEGNBald eppliddetocidentdeal elements
conpressed onto a staffer tube of about 20 feet in

here. | ength. Longer |engths can be stored on |onger staffer
tabes. [0053] FIG 9 is cross-section of liner 86 as

[0052] t  @xbdpplpbakffbdxitlehepédnedblaribed isrloddedesnto iveputside surface
t abul ar nmenber of resin absorbent material 37 havin

of stuffer pippetimbaning anrinlst cedSBpGdze auiatcadyiibn Bnprﬁ_gaé‘fg@ tube 55
emvinggef i pogbiog TRAEE bRk bEaBbShpfie 4 L85 34 Brs e
end sjgfl SHRIRG pe 83 NinWeBtestle bR 188 pullbabrit b haidesanptifscipe 83

is a eviousl'y extruded tube, outer wapping 81
and evdoied abott infetenddpa swartbe asidenofcwiifercpipe 83 wh ehvelpmsimpregnated

and 8. [0054 ce at_the_jnstallation site, o
tube 35135 g leaed %leﬂ?e;eml g%b-seT lévf%@ﬁ %r?@?nﬂﬁﬁtﬁ:\lﬁlf‘éa%? dlaving inner
3 U i r‘ r .
L L At i B T R e
is remaRbd 8@n suflet! dnydd $Pdseff dthffet fube 83 Dy Patient dive rollers 87 and 88, or

4,009, 063, the contents of which are incor p\&iiat ed
other pilliag dewige seele peifa@ors) i & Aiseeipmeoion arrew &l | Wheean gtruded tube

: he .pul | -i n-and- i,nf| at e d I ed. L

o wsed 3 B PP VAR o ERARRE Bl RESRIBLOAAYRE] . oo ot

limitali®h bfipepatBigl 116886 A Ehik Indrhier Y ﬁﬁ:eleﬁghoéf_ fiRemeable tube 81 that
I nper neabl e | ayer 38. By 13proper selection of

can beeplecédalon fffer inbe §3npdt haabbeen &yumd fat abovh 165800 feet of an
| ene, curin

. | d i t.h .
o PR GBEL R SR B CEIBNAD S8, 0 b g,
Long%{?l@leg%ﬁé &4 PPstoRIAH %P%ér%@ér Mh&n the liner does not

I nner | nper nea lI'ayer 38, and is wapped with
ut | gper meabl e.w appi ng, 72, .. i bst al ' Y :

[005 3gon§ﬁgy gﬁﬁ ETEEHIERY § ergz\ﬁears‘slit S)ﬁ&%‘ré%lh%%{ug% %23%1?1?%%% includes
inner Wuﬁr%lerﬁ@é@éﬁreﬁﬁ-abéer@@ﬁb Adterial¥ 7 BEAAE bi ‘i‘x‘n%g:rrﬁéﬂblb fner coating
Iner may al so be installed using an inflation bl adder
38 seadad vethar iaped8ian desriribed iSranestiPavatit FIb 4. 64 8@9e:9theg guffer tube
83, 1iqapg %ﬁgﬁgllgldga? (t'.;\l}@%? B)E))l{ll l é&%%%}lalgg &g? gpégg\g /09%%65?3.%)[7 th%![ mt}u?aer wrapping
81 is a previously extruded tube, outer wrapping 81 does not have any seams as in

connection with FIGS. 6 and 8.

[0054] Once at the installation site, impregnated tube 74 or 86 having inner
impermeable layer 38 and outer impermeable wrapping 72 is ready for installation by the
pull-in-and-inflate method. This method is fully described in U.S. Patent No. 4,009,063,
the contents of which are incorporated herein by reference. In the case of installation by
the pull-in-and-inflate method of impregnated liner 74, a separate eversion bladder is not

necessary to inflate the liner due to the presence of inner impermeable layer 38. By
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herein by reference. [0056] The processes and
appar at uses descri bed herein provide a conveni ent
wWore@i®41768 prepare a cured in place |iner havi neCbos1004/036629

i nner and outer inperneable |ayers. An inpregnation

tower as illustrated in FIG 5 readily provides a

nmet hod to inpregnate a resin inpregnabl e tube having

an inner inperneable |ayer before an outer inperneable

| ayer is applied. [0057] The tube prepared in
pr0pelapqzia¢ta1ru9f ghuenals foriger singesinggbleHeyeredd, surh as polypropylene,

curingy GRY 5P RS il e POl P inS 1 6 S s imopipion i the

ex1st1 jdgitt 0 i mpregnate in a continuous fashion. [0058]
w Il thus be seen that the objects set forth above,

[OOSSﬁesggh%} H-beeh a?igeé @%&?Eﬁlﬁ ?Hx}o%%ﬁ :]jeefas(g% 5@. and 1s wrapped with
outer ARPrAAGADRNARGRINITRY, mtaﬁa@@a hihyCled Hhd By QHe cbﬂ@erﬂf@ﬁmeeversmn

process, in the descrlbed product, and in the
methOdmssiescurdzadon (& 5. BadentNe t41066} 2hb uAlthmwe]yn suchralmerhmay also be

imstall§f i PORAGAE By iR iRk Sl e iy 659,979 B

and aﬁﬁﬁ%oﬁ Pqu@atﬁ‘)?l (F"%Z)@X/d@@ 5@4%1%&%@&@4 bt \Qﬁlch are incorporated

nterprete as il trative and’not in a [imting
hereinstgnsedereh@)59] It is al so to be understood that t he
following clains are intended to cover all of the

[0056P€NerteCprdbéksePafd Appardters Wesgiveld Hefdn ippy@Eat hddnbelightineans to
described and all "statenents of the scope of the

prepatiens e ¢ in Maczchlm@rshafmgtboeh imfer| b vatpe, impeghtide 1ayers An
sai dto, fall reb ACLALMS WHAT IS CLALNED
imprega ool i (IS ERE i[O o TEAL BSaVICRS pITagof apbregnate a

e SAIDEASIERd G O oAU B TR G, S et

layer israpplied.r esi n i npregnati on tower of suitabl e height to
i npregnate the resin inpregnable material with resin;

[0057{’\"0t et e ﬂré}ﬁﬁsd RfppaR@ieshobtbil BIG. mestheds fheqrkd Iﬂ(?lrnpregnate

and pl'acing a resin inperneabl e coating about
utilizingl efaa:urpn ey hghepteswb&ﬁeahmqeeﬂ)whlchzm Thmbesbhwedoafse @l miew of the
wherein the st egB cing an outer coating

a
desmtﬂé]inBEF&lafeh@as‘{OQﬁ‘ élBB?ng a planar sheet about the

i mpr egnat ed tubul ar nmenber and
[0058] It will thus be seen that the objects set forth above, among those made apparent

from the preceding description, are efficiently attained and, since certain changes may be
made in carrying out the above process, in the described product, and in the construction(s)
set forth without departing from the spirit and scope of the invention, it is intended that all
matter contained in the above description and shown in the accompanying drawing(s) shall

be interpreted as illustrative and not in a limiting sense.

[0059] It is also to be understood that the following claims are intended to cover all of
the generic and specific features of the invention herein described and all statements of the

scope of the invention which, as a matter of language, might be said to fall therebetween.
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sealing the sheet into a tube. 3. The nethod of claim
1, wherein the step of placing an outer coating about

wo b@siompsegnat ed tubul ar menber i ncl udes evert PODUS2004/036629
tube of inperneable material onto the inpregnated
tubul ar material as it passes through the outer
coating. 4. The nethod of claim, wherein the first
tubul ar nenber is fed into the upper portion of the
tower, drawn to the |lower portion and renoved fromthe
upper portion. 5. An inpgpggigjgon tower for
i npregnating a tubular restm rnpregnable materi al,

c riSi V, tgal columm of sufficient height to
iM@Lgﬂmg‘n i mpregnabl e layer, the colum
havi Ng AamE@loleSf pAdpadatlodViTa (iREd ilPPlatOTin&h an@priging:
direction of the tubular material as it is fed into

t he uppemipgetfirsriubilat menbet afin resin irhpregosile mwdetialon
and pul |l ed out of t upper, portion of. the cal umm .
o ter it e Rrtigar BERber fibrat Buigieoaitp dver of suitable
o ' t : ' i k&id.he col um has
b e B B " and. ¢ he
col um vhdslrdiwigehpisadghwtd subailad hswbeappasehe toge; and
wal |l s. 7. The inpregnation_ tower of claimb5, wherein
the colblasing @ gesinedgpermegpbler copting pougnthe gmpmeggated tubular

memi npregnati on tower of claimb5, wherein the tower has
bfﬁ' open top and the tubular nenber is fed into the

tover ghet fRtHodPof th9m A REhad ©F REegsN platidig &8 duter coating
cured in place liner having an inner 1npermeable
includeaythe stepoofpwiapping a ptanai slaeed abpuisthetinipu¢gnatedefibular gpergber and
.resin inpregnaple material having an inner resin
Seahnigﬁé%?]ﬁf‘é%ﬁtgatgg%r; feeding the first tubular menber
iRto a b Ok | aat 1 i hejuadt t
B o bR TRLSARAL s Ot et ARSI i bon

the inpricpaatadituignlahmeinter aghadeacevierting artubwe ob enpérmmablehmaterial onto
tower; and placing a resin inperneable coating about

the ineghatpt BT Septenial #s d aserrsarousiiche oHir rRatisd of
clyai m Gy ek 81Nt H8ins 4R eiR RS MG ABuPHLEEMBGRS 48 into the

upper portion of the tower, drawn to the lower portion and removed from the upper
portion.

5. An impregnation tower for impregnating a tubular resin impregnable
material, comprising a vertical column of sufficient height to impregnate the resin
impregnable layer, the column having a roller at a lower portion for changing direction of
the tubular material as it is fed into the upper portion of the column to the lower portion
and pulled out of the upper portion of the column after passing through resin in the tower.

6. The impregnation tower of claim 5, wherein the column has a substantially

rectangular cross-section and the column has two opposed walls and two opposed edge

walls.

7. The impregnation tower of claim 5, wherein the column is at least five feet
in height.

8. The impregnation tower of claim 5, wherein the tower has an open top and

the tubular member is fed into the tower at the top.
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i ncludes the step of wapping a planar sheet about the

i npregnat ed tubul ar nmenber and sealing the sheet into
w@2a03l0¢775841. The net hod of claim9, wherein theCEUSO©036629

pl aci ng an outer coating about the inpregnated tubul ar

menber includes everting a tube of inperneable

material onto the inpregnated tubular material as it

passes through the outer coating. 12. The net hod of

claim9, wherein the first tubular nmenber ?,f resin i
i Spr eghaptethoga O8 rPTaPARESD a9f anceigaln iMEr mﬁbg}aﬁ%@a Inner
. Ia%tﬁr 13. Twe.smet_hod of claim12, wherein the first
1T _?%tﬂ'yeﬁ%L % 'formed by: providing a length of a
resin forptRO0n ke BRlae hhethbdr A dwgesaﬂim}magn@abmeﬂiawﬁving an
0

bonded to one surface; feeding the |engt resin
inner tesoriegpeabtabletiyer;i al in a first direction and form ng

it 2’28} ﬁggélgg%%ggsft %ﬂr@g ; P]g}u u?%]gsalfg ﬁ{q%gpéﬁtié&gtc}v&be% of suitable
heightlr’%gtrillgl:plf%‘ﬂh{%ﬁle B gf?ﬁnﬁfegﬁeﬁﬁe LeRaidl vafh fe88i N 1 pregnabl e

together to Forma tubul ar nenber; sealing
t he j owithdralwangitelutiprednasdbmbulaf nidnebetr ditouh dre tovrebend
everting the tubular menber into itself ip a second
opposi Pleciaigr actessh sepermspbleneoafinge rabpuly dhe | ynprggnated tubular
by esin inpregnable material; and continuously renoving
mMeMOhe tubul ar menber with the int egral inperneable |ayer

o10.t heTh@shétBed 16F claim 9, wherein the step of placing an outer coating

includes the step of wrapping a planar sheet about the impregnated tubular member and
sealing the sheet into a tube.

11.  The method of claim 9, wherein the step of placing an outer coating about
the impregnated tubular member includes everting a tube of impermeable material onto
the impregnated tubular material as it passes through the outer coating.

12.  The method of claim 9, wherein the first tubular member of resin
impregnable material has an integral inner impermeable layer.

13.  The method of claim 12, wherein the first tubular member is formed by:

providing a length of a resin impregnable material having an impermeable
layer bonded to one surface;

feeding the length of resin impregnable material in a first direction and
forming the length of material into tubular form having the impermeable layer on the
outside;

joining the longitudinal edges of the length of resin impregnable material
together to form a tubular member;

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.
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