RESI N | MPREGNATI ON TOAER FOR CURED | N PLACE LI NER BACKGROUND COF THE

| NVENTION 5 [0001] This invention relates to cured in place liners for
trenchl ess rehabilitation of existing conduits and pipelines, and nore
particularly to an inpregnation tower for the continuous inpregnation of
cured in place liners that may have an inner inperneable |ayer to be
wrapped with an outer inperneable |layer for the trenchiess rehabilitation
of existing conduits by pulling in and inflating. 10 [0002] It is
generally well known that existing conduits and pipelines, particularly
under ground pi pes, such as sanitary sewer pipes, storm sewer pipes, water
lines and gas |ines that are enployed for conducting fluids frequently
require repair due to fluid |eakage. The | eakage may be inward fromthe
environment into the interior or conducting portion of the pipelines.
Alternatively, the | eakagggiRyiveerRPENAGTON TOWERG@RNAUCting 15 portion of
the pipeline into the surrounding environnent. In either case of
infiltration or exfultrati oncygep N ¢ealc@bierko avoid this type of

| eakage. [0003] The | eakage in the existing conduit nmay be due to inproper
installation of the origBAaaKGROBNDWF THE EVENITQOat i on of the pipe itself
due to normal aging, or the effects of conveying corrosive or abrasive
mat er i5al .[0@IgcksTHds inventiore dlatpd pe cyred Mt pladByinbe fdd@rehchl2dd @Atk Aok bt

condi tions_ such a earthguakes or the mpvenent of |arge vehicles on the
over head eﬁ?ﬂ%&@ﬂ Wi aad i Peémeﬁaar@rra?reaaﬂwéﬁrhfa@eawirﬁmﬁgméwg towpr BrHB? such

causes.  Ba@icdk %@re%ﬁaﬁdaeop BHSE in 3,%9 1n%@km9@ﬁla Mgve %ﬂeémé rﬁ@ﬁﬂémy

result in waste of | uid bei ng conveyed mnt inthe p |ne resul t
i n damagdaxes t@ he wsepneduvidh ag oueninpamestlt laed f@o@glttﬁnehlcssseahmmao@n of

danger ou azar f.the | eakage 25 continues it can lead to
structurg?gﬂgé %F@ﬁg#§9%ﬁ‘ X|§F1%hm%3hdU|t due to loss of soil and side

t [000d], B | ab d
mmehi Rer §OUBET § 3P e PRl g ROMRE e Bl R P Pinel B ar 1o
repair undésgroaud gires pesh @k spatay evsertpiads, SBYm Rewkegikd) IvatdVirdk agi 2gs up t he

exi sting_pipe and repIaC|nP the pipe wwth a new one. As a result,
lines that are employed for conductmg fluids frequently require repair due to fluid

leakage. The leakage may be inward from the environment into the interior or conducting
portion of the pipelines. Alternatively, the leakage may be outward from the conducting
15 portion of the pipeline into the surrounding environment. In either case of infiltration or

exfultration, it is desirable to avoid this type of leakage.

[0003]  The leakage in the existing conduit may be due to improper installation of the
original pipeline, or deterioration of the pipe itself due to normal aging, or the effects of
conveying corrosive or abrasive material. Cracks at, or near pipe joints may be due to
20 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
25 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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t various nethods have been devised for the in place repair or
rehabilitation of existing pipelines. These new net hods avoid the expense
and hazards associated with digging up and replacing the pipe or pipe
sections, as well as the significant inconvenience to the public during
construction. One of the nost successful pipeline repair or trenchless 5
rehabilitation processes that is currently in wde use is called the

Insituform(r) Process. The InsituformProcess is described in detail in
U S. Patents No. 4,009, 063, No. 4,064,211 and No. 4,135,958, the contents
of which are all incorporated herein by reference. [0005] In the standard

practice of the InsituformProcess an elongated flexible tubular 10 liner
of a fel tvarigps meethads heveobeat A¢vised foedhain nleegimabl @ rrbplitifagion wif tebristing out er

i mper neabl. ti LpLegnat i t her t1] rabl e
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pract i cechndniopldingribe pipetdrgiipe protions uis wélkad theedighifichmshednvesiendel doi theng an
ever si onsé)rﬁce s, as described in tge "211 and . 958 Insituformpatents. In
the ever SORC SPEBEonstughon) Qreof ihe mgspispeastiyl PRE!PGIgRiToPr Grichiesyn

evert &d IRiliRAGSpRSedss AARAINSHTRNY 1hRiie @RI RISTRA MW Hrfli@® PR&esSUr f ace
of the- pipeline as the liner unfolds along the I ength of the pipeline. The

| nsi t uf orhepiuseaism; Brocggssis gesseibed ad dstaipunl Udy Batertsi Noi di08@0at & | i ner
into the iqt r I n [Nl separate fluid inpernmeable
inflati orﬁ%&e?‘p&érﬂ@f ulgfe)%f%;gf C[ﬁé) Cé@%?%eﬁyv%\ﬁhfc%‘l %ret %@ mf;?rﬁgrra!tet%o %3ﬁs§yt he

| i ner toreferamcagai nst the inner wall of the existing pipeline. Such resin
20 inpregnated liners are generally referred to as "cured-in-pl ace-pi pes”
or "Cl PP [D06tdr s"In tAnstatidaed brstied bfathe OikituforielPretése @ntelorate FRxibls tudllaat i on.

[00031) anventfi on 5 %l I’_Edfl n place flexible tubular liners for both the
ever sion "B ipd| folti fbEISy -fPam | g svilasprosys dapregnpf s iyl Akt e PUFDOL h

| ayer of jp@b@ida¥r! doatih&Xhdh! Lall Wi rgRating in
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cuert e, B, IPOTISHCLONEE SIS8 MBS RGB! Bl 2P " e
f1 exi bl e ‘Didkwituform patents. In the eversion process, radial pressure applied to the interior of
15  an everted liner presses it against and into engagement with the inner surface of the
pipeline as the liner unfolds along the length of the pipeline. The Insituform Process is
also practiced by pulling a resin impregnated liner into the conduit by a rope or cable and
using a separate fluid impermeable inflation bladder or tube that is everted within the
liner to cause the liner to cure against the inner wall of the existing pipeline. Such resin
20  impregnated liners are generally ;eferred to as "cured-in-place-pipes" or "CIPP liners"

and the installation is referred to a CIPP installation.

[0006]  Conventional cured in place flexible tubular liners 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
25  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

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



installed in place within the pipeline, the pipeline is pressurized from
within, preferably wutilizing an eversion fluid, such as water or air to
force the liner radially outwardly to 30 engage and conformto the interior
surface of the existing pipeline. Cure of the resinis 2 initiated by

i ntroduction of hot curing fluid, such as water into the everted |iner
through a recirculation hose attached to the end of the everting liner.
The resin inpregnated into the inpregnable material then cures to forma
hard, tight fitting rigid pipe lining wwthin the existing pipeline. The
new | iner effectively seals any cracks and repairs any pipe section 5 or

pi pe joint deterioration in order to prevent further |eakage either into or
out of t hiditiagsd st infrgdysitie of het cuting fhud,stch aswateningo ﬂyeqwﬁgf tieerghrogglyehen
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pOSi t | oneea“%%“%rwwhflﬁeqﬁ%?wilwgf HavPlyesepls a P eeekapubibarag PIPG Seetiop hi cal

i nst alsl atdropipe JoilOMBEMRBor B bAle 9 pRiRA: AP Mcithie BRIV NH26 ShibaWrat the
|l ower end_is positioned within an existing manhole or access point and an

everting Bihaadirdlige. Jhssuredipsivul sehies dovimngtien bpenietngipialice wellfsed back
over the aniblyale 418 ARELE0AL B RATAL A0, Lhe ol bow,gnd [ nserted into

t he col | apse I ner. e co i ner existing conduit is

t hen posihhened secured to the cuffed ck,end of .. the.i.nflation
bl adder. [Rar)l@gver%% tﬁ ‘?\g?rd,gurg%lﬁ %11%“{/\/21{“3? 4P sm§t%@?1({<lb égtg? rﬁug)l“lflﬁé’démﬁﬁ?ube
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horiﬁgntal portian of the. . I30m1and cause the col l.apsed liner to expand

agai N9t RE Ruled pigr and posiisnedrWithe thy ie¥isiing PiReyRAURt2 cotpsesl gatsi ol Bf t he
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t he downstream nanhol e or second access point. At thi's tine I ner
pressed #§dilhpesitioned; witkinjaorexdyingaoabote othaccesd piintnandcamdvarting bladtidrasy t o

cure. Curg.J Lhj b ate i ntroduction of t. curin ter intraduced
into t_hep :3%19 ﬁafthlk@r%bb ad %‘?g‘?l%e’nﬂ%%egtlf?e aggn%&%gnﬁ%‘ik Qgert F@(‘:’g} ¢al'dfi on
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within the existing conduit is then positioned over and secured to the cuffed back end of
the inflation bladder. An everting fluid, such as water, is then fed into the downtube and
the water pressure causes the inflation bladder to push out of the horizontal portion of the
elbow and cause the collapsed liner to expand against the interior surface of the existing
conduit. The eversion of the inflation bladder continues until the bladder reaches and
20 extends into the downstream manhole or second access point. At this time the liner
pressed against the interior surface of the existing conduit is 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.

25 [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.



25 [0008] After the resin in the liner cures, the inflation bladder may be
renmoved or left 1in place in the cured liner. Both the pull-in and inflate
nmet hod as well as the eversion nethod typically require nman-access to
restricted manhol e space on several occasions during the process. For
exanpl e, man-access is required to secure the everting liner or bladder to
the end of the elbow and insert it into the collapsed liner. 3 [0009]
Regardl ess of howthe liner is to be installed a curable thernosetting
resinis inpregnated into the resin absorbent |ayers of a liner by a
process referred to as "wet out." The wet-out process generally invol ves
injecting resin into resin absorbent |ayers through an end or an opening
formed i N0P@ ouRegardlopesinteabile lindrng tadbawistaled avacaatlendottpessingst he

i mpr egnat; i her. .t hrough. ni ol.lLers LS |1 known.in the |ining.,art. A
i e oart Bl hebRe o W Rorh Bl AR B e BE e pad B R TP S v B9 S0y

resins arithet we-oult ipkessenefaliyayy odees it trigadsiaSnidasdin @bsorbdnt laeRrtbioapRbl € to
utilize a resjn which js relatively stable at roomtenperature, but which

cures redt fiF Ghéh apsaingdonned inithe owel yppergleablgt ikt Erwingr 2 JaBUsePad t o
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procedure for wetting out a liner vacuum | npregnation is bed in
| nsi t uf orwide)vgietpaf eetindNoay be 3661, 64ch aspepestdre vinyhesterbagoxy nesinscand theit er

i mper mea r t.he t lar- .-liner_nmay b | i flat .and, s]its
f or med oﬁh{%bk’)@gﬁ %iayst?edgls()%gé]edt ?lsed?ﬁlrﬁgt elidd Hr?ﬁéa?’?egﬁod uﬁﬂ%‘? A R PED Bind on
bot h si desladgelyet@bleldd@sboh Fenligtatuf@OBut viatietlres AABINGhe @ BRAEBWHE afrOfteadt t 1 NQ

out at the tjnme of installation while drawing a 15 vacuumat the trailing
end of t W& BPY Weler.og S‘ELH forppprogriapgedigionysuclyaspgoaygget light  contents of
each Bf' thQF;As? patents are incorporated herein by reference. [0011] Recent
ef f orlls HAYI hedPngrsne: mEoGeder {ort Wettingl puti a dafl Pniveeen ngwiestation istil i ze

air to e\(ﬁg&lbt@%teﬂll %@ﬁlﬁ%ﬂrpf,ﬁ,?&g%?wd gfqi’G'firbl?'he el E&%r%%@fﬂr@an@%ﬁ%?é amis

poi nt. Wen everting réeathes Istal access poin
i nt r oduc éep¢mmesbleHeyqrs,oke mettul 20immc ceysbepoipptied dlai and Bl domurdecndpidsete r esi n

i npregnated | aver,. This.process offers th vantage of faster cure due to
the incr esﬁdgse&% eeﬂﬂvng‘_i#ls)lfﬂé%fl(ﬁgpsflh'éu?fegd%%a@agﬂg S_E%giaﬁéies %ﬁ?[]dﬂ t}ﬁp\ﬂ&/er ,
the proc@agnst idrothes Gigbirafis YL Rehaly Ot & b AFLEOr intlatibe wiile! @dwidy a

15 vacuum at the trailing end of the liner is shown in U.S. Patent No. 4,182,262. The

contents of each of these patents are incorporated herein by reference.

[0011]  Recent efforts have been made to modify the pull-in and inflate method to
utilize air to evert a bladder into the pulled-in liner from a proximal access point. When
the everting bladder reaches the distal access point, steam is introduced into the proximal
20  access point to initiate cure of the resin impregnated 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.
25 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

30 inner coating and an outer coating so that a curing fluid can be introduced directly into a
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i npregnated liner. Efforts to avoid this step of everting the bladder into
the pulled-in liner include perform ng the eversion step above ground. For
exanple, in U S. Patent No. 25 6,270,289, the process includes everting a
calibration hose into a flat-lying lining hose above ground prior to

pul ling the hose assenbly into the existing conduit. This process avoids
the eversion below grade, but is severely limted 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 |iner having an 30

i nner coating and an outer coating so that a curing fluid can be introduced
directly into a 4 pulled-in liner. The di sadvantages here invol ves the

di f fi cul t yulfedgedingherilter 9isarg/antagesj hmeigncaltzes theedifBailty faepd egrabirgngaberi al

di sposed he i nner and r meabl e coatlngs The outer
coat i ng rgﬁ i apeei oAt lrl?p(S?gT}?g d "t aﬁeémfp 5EEEEd the iET M BB al | ow

the li nerlmperrb&bw&daﬁdgé nTRe I)llﬂer eoakifif kéiﬁalﬁé)@égbﬁﬁal %ﬁ%ahﬁﬁn%ﬂﬁQﬁlpFééﬁﬁﬂeag I's
5 deswedx'lto all for curing th the steam [0013] Notw thstanding the

nodi fi cat fR5H&0¢ & Him ﬂt@rﬂéneé\i@ bg pBhedaintp fhalexisiing apeduindrdathe inter eoahigais s

r ehabigl i t @00t B Jﬁpgﬁ'é$Qﬁﬁﬁ%% gsses are |abor intensive, require an
ever si on step and su %ﬂ romt e increased costs associated with this.

Accor di ngly3i t N&vﬂﬁﬁfaﬁ@{ﬂ the hl%gﬂ{cgt\{&ﬁqo%o ngrog/er%g)%taﬁl {Pu @%ua%dﬂgﬁ%? apped

conti nuously |npregna I ng ace
with an mhlesmmmhtabbm nieﬂiyﬂls bcﬂﬂlyM%E@éeQEreﬂhﬁ)rl iNMENTE Rt Lt bvdegingr al |y
speaki ng, ace ggd&nce w.th the invention, a non-pressurized resin

i mpr egnatslt%)nant 81 TR ERRiad PR Asecited with tBFacAeCCPT%lYale istdesireble or
pul | -in abgrovifld at@thdehabiphatatd B ShtiRbusl g % A& SirddSin i Q% 1@1%9’ The

i npregnatjon tower is constructed to 15 havé a su ent resi'n h
i mpr égnattﬁattlﬁ@ heswiappqdnitle g ablorimpareedtdt lapassi ng t her et hrough. A
continuous length of the resin inpregnable material in a tubular shape is

pulled directly over a VO'%%ﬁﬂﬁbutP%ni?ﬁE@?g?ﬁ@t&ﬁ&er and pul |l ed down
through the resin in tower an he base of the tower and
then up foo@ggh GdiRrAl 2vk%éaﬁlﬁ’g ifi aa'cb&ﬁ b Qe ﬁ’lle ! 1§4;e§1t1@£ i Iﬁgnjbpegs&?zeh Gl US.

The wet-qut tube is then w apped an out
impregnation tower for 1mpregnatmcr a cured in place lmer suitable for pull-in and inflate

rehabilitation of existing pipelines is provided. The impregnation tower is constructed to
15 have a sufficient resin head to impregnate thel resin impregnable material passing
therethrough. A continuous length of the resin impregnable material in a tubular shape is
pulled directly over a roller at the top of the tower and pulled down through the resin in
tower and under a roller in the base of the tower and then up through the tower to
calibration rollers at the top as it exits. The wet-out tube is then wrapped with an outer
20  resin impermeable layer and sealed. 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 have sufficient strength to withstand handling and abrasion as the

liner is transported and then pulled into the existing conduit.

[0015]  The resin impregnable material can be formed into a tube and sealed in a
25  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



20 resin inperneabl e | ayer and seal ed. The outer |ayer may be sinply heat
sealed using a thermal bond or taped. This outer seal nerely encapsul ates
the resin inpregnated material but should have sufficient strength to

wi t hstand handl i ng and abrasion as the liner is transported and then
pulled into the existing conduit. [0015] The resin inpregnable material can
be formed into a tube and sealed in a 25 variety of ways. This includes
conventional heat bonding and taping, sewing and taping or sealing with an
extruded material. In one enbodinent, the liner may have an i nperneable

| ayer on the inside that may be bonded to the inpregnable material. This
liner may be fornmed about a form ng device with the inperneable |ayer on
the outsi H¥Mingaeiey The gderokyeis womnvenrésom absoreemh dayer aordlayére nthavaret ed

Fesi n" abs oy eb L oo ul Rl e MR SRR o Broi e UBE PR an
i nper meabiléovp firystreagecardaydting teCiaprainateiier @86 thoandstind! dAWEOTHE tikage and

pul ling the inpregnated,liner into the existing conduit. The inner |ayer
shoul d beﬂ%%resrﬁgﬁ‘gtg"ei W S FRRpTacap t&ri’&drré%ﬁt%fgéﬂtth? bighHemppighresepfde at ur es

of the Scglngifgd.fluid. [0016] Accordingly, it is an object of the
invention to provide an inproved nethod of cured-in-place rehabilitation
of ~exi st 109161 pehbSinghOR17kn GGRLNTORNERIondh pkFad BYRALLOM: hSuA T ovi de
an inproved apparatus for' inpregnation of a Prer o red rnplrace
rehabi | i t@T¢bi-Racesphabilitatiomef qiipmigipielindd [ 0018] A further object of the
invention is to provide an apparatus for inpregnating a resin inpregnable
l'i ner havPRlan ber phiper nbdl éndeagien isub tablide faar imprened la@ssratus for'

rehabi i t:at L st i pel i nes. 19] Yet another ohject of the

inventioﬁﬁ&g%@gﬁ%vgévgglé%wﬁﬁ%SBJi eﬁﬂ%ﬁ&ﬁﬁ%F‘EﬁﬁﬁﬁﬁﬁﬁgBﬂﬁh@% a resin

i npr ggnat uregd .l | ace | 1ner having an outer inperneable 15 coating or

wr _apgign g {?ﬁl 8@ o_ntf? r%rgheg Osjé ﬁtg?%t © \}\ﬁ“feﬁgﬁ‘i %JQ FTORG A ERIAAPDEP OPYeEnaEng fr t her

obj ect ofredieinippap@nble OlindrShivan®r AV iRy alniiﬁgﬁn%gleofl%)emuﬁgﬂ@t fd?gfir@\%ch?elﬁg ed in
a

lace liner for pull-in and inflate trenchl ess pipeline instal 1 on.
P Mehabilitatid of existing pipelines. P

[0019]  Yet another object of the invention is to provide an improved mefhod of
manufacture of a resin impregnated cured in place liner having an outer impermeable

15 coating or wrapping in continuous lengths without use of vacuum.

[0020]  Yet a further object of the invention is to provide a method of impregnating a

cured in place liner for pull-in and inflate trenchless pipeline installation.

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

20 impermeable wrapping.

[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

25 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,

6



[0021] Still a further object of the invention is to provide a nmethod of
manufacturing a resin inpregnated cured in place |liner having an inner

i nperneabl e | ayer and an outer 20 inperneable wapping. [0022] Stil

anot her object of the invention is to provide a nethod of manufacturing a
resin inpregnated cured in place liner having an integral inner inperneable
| ayer and an outer inperneable wapping. [0023] Still other objects and
advant ages of the invention will in part be obvious and will 25 in part be
apparent fromthe specification. [0024] The invention accordingly conprises
the several steps and the relation of one or nore of such steps with

respect toq ﬁ%:h of thﬁ} ot hers, the apparatuses enbodying features of
const r uct i?BH, % BIPERR ah Ressg¥iothe cchameiensies. foptupsar propertias, aad shedelpticendof o

ef fect sucbmpbeps, whith aRd; i . s L he characteristics,
features, pr g,e’r ties, an%K%rﬂglﬂdﬂgﬁ)@%‘?ﬁggg%éﬁéﬁggmﬁﬁPi caree ot the
exenpl i fi d&yepion Wil bedndienigdny thtedlaiidsed di scl osure, and the scope of the
invention will be indicated in the clains. BRI EF DESCRI PTI ON OF THE
DRAWNGS 5 [0025] For agpikkeg g e_inyention, reference is
had to the follow ng deScrip

T { ake TC S = t h the acconpanyi ng
dr awi ng( s)oo2sn WebeR: i .spective Vi f.,alength of a
typical r Iesi r]pi. npr egr%%%g&ghrrsglé&]ﬁ%fgﬁ%%é@ {]cﬁ rre%{?f‘f%f)sl g;‘ﬁf gor tbt?srg’ﬁf’ 8 ni ng
an exi st i AeFciptinal thlyea il gonnheionywith @eam&iphyyihgldﬂaﬁ@g(?,dﬁwhj@md wel | known in
the art; 10 [0027] FIG 2 is a cross-section view of a cured in place liner
havi ng i ni¥RShndFlutleis 2 fenpectiveatibwe of ay@iath 60NSHIdACEER ARFeRRHPRNGEH N
accor danc&agg%b the '?n enti.or]irwigOOZS]. FIG 3 is a schematic view of the
appar at us® used 1 or a}})) eParNY FhieFtineRipelEg of die tyne senandlly inawse todaan
out er feldndwgiEknowird i thark;nner high tenperature polyneric layer used in
connection with preparation of the cured in place liner of FIG 2; 15

[ 002910 FI[G027 i SFEG.Qr RSScro®Cleb@RdbicW &Y ' tructure of .the inner
portion of the |iner produced by the ap%la}%ﬁrﬁgla%%]ﬁxﬁ%éa%gb%?%ra@dboé&%g
“inpre gnatlg@eml\eag@é@femquWnﬂ lawanged in accordance with the invention;

[0028]  FIG. 3 is a schematic view of the apparatus used for preparing the inner portion
of the liner,having an outer felt layer with an inner high temperature polymeric layer used in

connection with preparation of the cured in place liner of FIG. 2;

15 [0029]  FIG. 4 is a cross-sectional view showing the structure of the inner portion of the
liner produced by the apparatus of FIG. 3 before being impregnated in accordance with the

mvention;

[0030]  FIG. 5 is a schematic in elevation showing a resin impregnation tower and tube

sealing and wrapping apparatus for applying an outer impermeable layer constructed and

20 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

25 [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



invention; [0030] FIG 5 is a schematic in elevation showing a resin

i npregnation tower and tube sealing and w appi ng apparatus for applying an
outer inpermneable |ayer constructed and 20 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 inpregnated |iner prepared by the
apparatus of FIG 5; and 25 [0033] FIG 8 is a schematic in el evation
showi ng wrappi ng of the tubular nenber exiting a resin inpregnation
apparatus with an outer coating by passing the wet out liner through a
tube stuffer having a tubul ar. wapping stored thereon; and 7 [0034] FIG 9
(s & or oSQTMct R Bic TN opHE ReERCBYCd helhs gpaFirte BO- B G 6.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0035] A resin inpregnated cured
in place |iner prepgkearipTIONCOF AMICERWFERRENEEMBOISAIERTShas an inner and
outer inperneable I'Tning So that 1t can be installed by the pull- 5

i n-and- i nfdaye netbad ippehnbd e ﬁﬂ?la(éb”lﬁfér Wedparal heatedddnksiwhtwighdout
the use of an inflation blladder. The [iner has inner and outer inperneable
pol yner &o&ptigyBason inpgrend ovighinpasmepdp lined seriha dhanhgdugaliediytthe pullt i s

i mpr egnat e ¥wh? - -

i ncr egsetg?g? or %Jn%lgglz)gaa?l{i/ 1%(12&%&’@%(23%% e‘!vlzh g ﬁge? ?gﬁ;{eﬁﬁllﬁlﬁlg\r& %v‘?%gép%l resin
absor bentnfimtipe blaldeb eThekner dns imee andodenimmutnesble pprme abhtingsay dayeusi ng

10 convention vacqgn1inpre ngtio tﬁchnolp .(%Oggﬁ% Thi% i ncreased .effort
i s evi deAtSH BYPHRE Thf BLBLISIERefas t HdS IRPI9E L tepRIEAY 145 OF VD $88 1S Her e,
above gr asaehbiedGalvidi at the RS bfort BYRES8H 1d IMiReghatd Aflattered Gined RAVBINaL ed
lining hose, or an inpregnated lining hose is inverted into a tubular film
usi ng coApiceigseksoricnt mageriahibstweesean tiret| g avfert meperpiiie Iaes eusing

appr gyl @Bﬁnﬁmvéc&ggﬁﬁﬁﬁag&%ﬁgw rground conduit to be lined. The

i nversi on of one .requires an unobstructed | ength
equal to [(S(B%] ! eﬁ%;"in&feageg%ﬂlo%r}g %%itderk&\é%ry thle fprcgc@s?s é[u\gges;ltee}y fO.s. Patent No.

6,270,289. Here, above ground a calibration hose is inverted into a flat-lying

impregnated lining hose, or an impregnated lining hose is inverted into a tubular film
using compressed air. In this case, the length of the lining hose approximates the length
15 of the underground conduit to be lined. The inversion of one tube inside the other
requires an unobstructed length equal to the length of the longest layer. If the two layers
had not been previously impregnated, it would be necessary to inject resin between the
layers on both sides of the lay flat tubes in order to provide adequate impregnation. This
is a difficult and inefficient way to impregnate lining tubes. Thus, not only is the length

20 restricted, but also the impregnation is extremely difficult.

[0037]  FIG. 1 illustrates a flexible cured in place liner 11 of the type generally in use
today and well known in the art. Liner 11 is formed from at least one layer of a flexible
resin impregnable material, such as a felt layer 12 having an outer impermeable polymer
film layer 13. Felt layer 12 and outer polymer layer 13 are stitched along a seam line 14
25  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



had not been previously inpregnated, it would be necessary to inject resin
between the |ayers on both sides of the lay flat tubes in order to provide
adequate inpregnation. This is a difficult and inefficient way to

i npregnate |ining tubes. Thus, not only is the length 20 restricted, but

al so the inpregnation is extrenely difficult. [0037] FIG 1 illustrates a
flexible cured in place liner 11 of the type generally in use today and
well known in the art. Liner 11 is fornmed fromat |east one |layer of a
flexible resin inpregnable material, such as a felt layer 12 having an
outer inpernmeable polymer filmlayer 13. Felt |layer 12 and outer polyner

| ayer 13 E{e stitcrggpalong a seamline 14 25 to forma tubular liner. A
conpat i bl & PHEHGFIBIt aster 2.+ Prisr foit layerdnvish pelymep dayer st therdbamedaramidal 16
i s pl acedipg . - Lhe.141n order .

| mper oAy oy o [P HCEP | € uAgpEtR T Ll th Repflndol S Bl jo 4,
used t hr og§tastationtunitdo depreess pranoryrel|cureesf thd rdsiic| Lides] lai theanet id ubesiell a

second f .stitched. al.o a seamline 18 positioned at a
poi nt | nel%' %%tht% ﬁglreb%%%ﬁl%t% HER t%‘%%’“%ﬁ@é%‘?%ﬁ‘eo?r S SHqrie beigs exerid Bl fel t
| ayer 512.ex@uihgpifetihe. | ayer 12 with polymer layer 13 is then formed around
i nner tubular layer 17. After inpregnation liner 11 in a continuous |length

is stored003Bla Liats | D6f @b iR iiMutatdddn FYUAPT ESBRHEET I Ew b $id0fir L PRisT esi n.
Liner 11 i p”té{]en cut to a desired length after being pulled into the

exi sting Vb‘il OIS 18 ranjadr ruwatel ¢vsFsierasédsagbesahoved Howeyer, firea pslleniasti ng

pi pel i ne.infiQ038kaikkiBE"; type.illustrated in FLG 1.is.inperneable
to water and air. 'Ilh]?sm Jdvg\ﬁof)‘lflantg%ll%t\t}\ll %géh‘%eﬁl !t%r]f 4P OUF SRa ob s e r‘fleﬁém

descri bednhbeveiffitiony enperinnatde prubllow foradasy hamiflingtaad iretshitadn @ftre€n anf to
need only be

accorndan i he .invention, .th uter. coatjng.on the |iner
suf f ilgi eg)? ?‘}éﬁ%pr}éargr%gg?e&qeﬁasaﬁt fsd?}d%fsgﬂntgg‘sﬁﬁxﬁ%‘r’i’&lﬂlwn&nd retention of resin
and to event .damage to the liner as it is pulled into the existing
pi pel i _ne.%&fsgg%] Oﬁd?rgfﬂé_ﬁ’éeérdlqr?‘ﬁ@?’ Wb layes, ofstels o gpsin sppvegnaile matariaby
resin i mpiggRakke. Welieiyen 12 ARY1 PRaYSE harkgl dr skzﬁth@ﬁéﬂéﬁ?l@'}gsiﬁgbﬁxmﬁg
natural or synthetic flexible resin absorbable” material, such as
pol yest eln}ateé@‘l,yqu.pé as pelygpenn pyiyEnepolwpropylongamiigoritiefbesunbh as ghisaasd and
f?ﬂr) 2??@61@3\!'11%8%2%?1%6%%5%&} t!ﬂg rés%?éb%o?b%ﬁ Irng{ee?ltal %‘5;[, %E: Iaafjoanrar.r:1 Sfmggm?ea{)l%ac@aﬁng
15 13 on outer impregnable layer 12 may be a polyolefin, such as polyethylene or
polypropylene, a vinyl polymer, such as polyvinyl chloride, or a polyurethane as is well
known in the art. Any form of sewing, adhesive bonding or flame bonding, or any other
convenient means can be used to join the material into tubes. In the initial step in all
trenchless rehabilitation installations, the existing pipeline is prepared by cleaning and

20  videotaping.

[0040]  Referring now to FIG. 2, a cured in place liner 21 prepared in accordance with
the invention is shown in cross-section. Liner 21 is constructed in similar fashion to
convention liner 11, but includes an inner tubular member with an inner impermeable
layer 22 that has a thin felt or resin impregnable layer 23 bonded thereto. Inner felt layer
25 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.



15 13 on outer inpregnable layer 12 may be a polyolefin, such as

pol yet hyl ene or pol ypropyl ene, a vinyl polynmer, such as pol yvinyl

chloride, or a polyurethane as is well known in the art. Any form of

sew ng, adhesive bonding or flanme bonding, or any other convenient means
can be used to join the material into tubes. In the initial step in al
trenchless rehabilitation installations, the existing pipeline is prepared
by cleaning and 20 videotaping. [0040] Referring nowto FIG 2, a cured in
pl ace liner 21 prepared in accordance with the invention is shown in
Cross- section Liner 21 is constructed in simlar fashion to convention
l'iner (ﬁ% udes an ipner, tubul ar. mrenber wth an inner inperneable

| ayer 22 {5 ha YanPWfiinrf’e et having bpth inpgr agheisteinpsyeeabislageidéds poter et o.
Inner fel hede@M8F to?Red3nWiihl hiRE iABRARLE: ! o?ﬁ%rt %ﬁ 1&?&%109 %?%é Xi’tlir%é)ﬂlgera Séam

line 24 by a row of stitches 26 and seal e ied over
stitches & b%ﬁ lieé intpethe emm C@Elults 'ﬂhtapﬂgdlﬁcamsatvmgnmehabmmmt fethe | ayer

23 and fo an ut er

Wr appi ng i ésalagig}elép %@ﬁ? out e?’ S(f %&?st g‘%‘fe‘ﬁse f]‘mE% f@/‘g@fc& Hg a
l'i ner havstn:gn bd))tchrel thaeesiandn cuitetast apahdbanbe ﬂhﬂiéedr§ anttddul:&i 196 th'Be&SSary
to evert e |liner ng installation or evert an inflation bl adder after

the |iner e?\‘gsgrﬁ‘é‘é%?‘bv&k [ocRFOYie & SHAV sk B itAEMEMndui t . Thus, significant
saving in gggr at the tinme of installation are avallable It also
al | ows f ol ?elé yE oend A4S may be imeregiaipd a5ths ustdlanannst veing vatiag.esi n.

In such CAﬁ&n@Meb& h%uhsfér@@sfa'nwﬁs rfﬁst‘ M %%é??%d“ﬂftgorgﬁfﬁb‘égltp Chn DEOW

ground |l evel to provide a safer mo envi ron ayers 23 and
28 may bénimﬁ@@%w@pplm Bhes uppladd. milhiseavoids thg dideulnn withl itprapabiivehy,

fel d h h
| mpor Ko on 4B ha P R bR o B Ll oy %iaygr”vﬁ{‘wc’“t 4

i mpr egnatRPangnt &Ndl @,J00r063hEelc I'Waer prh%&ﬁeﬂ Gnjbaldg 1%@%@55%11@%1 E? thd fR@lesand
out er |nperneable | ayer. In U S. tent No. 9, 063, od proposed

i nj ect i nd™%Y rfnf%oPlFfE“F eﬁlqesloiy?éﬂaﬁ%ﬂeﬁgcqfﬂéwt@é hlllehse?hl%@})ﬁmtlm oppusist e
and pat ih?‘tﬁdgﬁéélg‘é’a PRSI R bl Rher che PR AL G R PRt on
process kit Uih Patest Noat 266,0 Nowodld366 bo &ﬂtak&bmhﬁemhe becuait fsatoaven bnl ess
the VBCU"H&H §1d9§ &Mhe%Bner coating is a barrier to resin flow in a liner with inner and outer
coating. In order to overcome these impregnation difficulties, liner 21 is manufactured
from endless rolls of flat coated felt and plain felt and continuously impregnated prior to

application of outer wrapping 31.

[0043]  While felt layers 23 and 28 in FIG. 2 are formed into tubes by stitching and/or
20 taping, any of the conventionally known methods for forming felt or other resin
impregnable material into tubes 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

25  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-

30 forming device 41.

10



15 both sides as the inner coating is a barrier to resin flowin a liner
with inner and outer coating. In order to overcone these inpregnation
difficulties, liner 21 is manufactured fromendless rolls of flat coated
felt and plain felt and continuously inpregnated prior to application of
outer wapping 31. [0043] Wiile felt layers 23 and 28 in FIG 2 are forned
into tubes by stitching and/or 20 taping, any of the conventionally known
met hods for formng felt or other resin inpregnable nmaterial into tubes is
sui table. For exanple, tubes can be fornmed by use of wvarious glues or
adhesives as well as flame bonding. Tape may be applied to inner

i nperneabl e |ayer 22 on inner felt layer 23 by applying an éihe5|ve strip
or extrud?¥gla Tukgdprams slsvipaeh | iacl Hﬁ‘ise% feularsugpeid rirang 4e30C AHSABIRG ed

edges of 4 EQF 0&?' athm;'%fBé 3l se@rﬂ%véﬂtagta%ﬁ%rﬂﬁhﬁ& H%gnagl-h'hhrlﬂ fﬁn&%ﬁﬂﬂxg

operation 044 erring for continuously
form ng appazatys. hFdf 3awithbmpenfeabledier B&pﬁa@@mﬂlee 39riet e i fhewditehtien el ed

i nner o er mea rlal iS.S f. coated felt

v g alRHo oo E oGRS AhR a5, wtyte hhee o lars B SPRIFTa PO
over 8 distigeli Pnaé 420dddedear@d iiftofd @be Marftowd memalh%dzt@wﬂth ferGMon tied | er
39, to a_ tube- 30 form ng device 41. to [0045] Tube form ng, device 41

i ncl udes MsiqeABdI BPCEIGRDET Y9 e te oaﬁaiea E@&rﬁ%@m aéaﬁp%%‘faw& tegicely be a

sew ng angefApidg AR LG FRC iy ﬁ{ﬁ?erg‘fé b Qflate@RRRA S Fel t
37 with inper rreag ?erd38 f{aeglglng rﬂ{ fbgr 9:;43 ?{ﬂ th%ed ection of an
arrow A tentbeedpr oxi mal end of tube form ng device 41 where it is wapped

around 5 support frame 42 and seanmed into a tube 44 along a seamline 46
with fel {08%] on Tahed tublasminbmﬁd tﬁaﬂg@nﬁmadslten‘aaglalor@tubmia:t hppoutieied? Tube

44 t asses ce 47 _where ta 8 ace eam | i ne
4o 1 00T REREE e R R SR o SO o S B Tand B RGeS B8 b
nmenber  4gvdrhdinte Gl AULSpo® fhma e so aid@ﬁgpérﬁi@uﬂ;@naﬁv@@wﬁov& bR iAdde 30 to an
i nverter r|n% 49 at the distal end of support frame 42. Taped tube rrerrber

45 i s t h&the 4Dedtis e thdpawn fremhgpr%up@@ﬂfl orf Evgar PR fiRme %@b&g
| ayer 38dé§ne'aeo\§; Al e B N AR p(BInt everted tube 45 has the structure illustrated in cross-

section in FIG. 4 with impermeable layer 38 on the inside of tube 45 and felt layer 37 on
15 the outside. Tube 45 then continues to travel in the direction of arrow B for the addition
of one or more plain felt layers. Tube 45 is then stored for further use, wrapped with an
outer impermeable coating, or may be passed directly to a resin impregnation step as

shown on FIG. 5 prior to final wrapping.

[0047]  FIG. 5 illustrates in schematic the impregnation of a supply 51 of tubular
20  member 45. Here, tube 45 is pulled by a pair of rubber covered pulling rollers 52 and 53
into an open top resin tower 54 filled to a predeterminéd level with a curable thermoset
resin 57 to form an impregnated or wet-out tube 55. Tube 45 passes over roller 53 and
down the full height 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
25  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

30  with an outer impermeable coating.

11



tube 45 as it is withdrawn fromthe proxi mal end of tubular support frame
42 along a line defined by an arrow B. At this point everted tube 45 has
the structure illustrated in cross- section in FIG 4 with inperneable

| ayer 38 on the inside of tube 45 and felt |ayer 37 on 15 the outside. Tube
45 then continues to travel in the direction of arrow B for the addition

of one or nore plain felt layers. Tube 45 is then stored for further use,
wrapped with an outer inperneable coating, or may be passed directly to a
resin inpregnation step as shown on FIG 5 prior to final wapping. [0047]
FIG 5 illustrates in schematic the inpregnation of a supply 51 of tubular
20 nmenber 45. Here, tube 45 is pulled by a pair of rubber covered pulling
roll ers 5@048hd 5@ thisritne anpregraitedttobe 5o skifing onen tapgtofver féin the direction of

predeterm ned |l evel w.th curgbl e .t her noset, . resin t )

i mpr egnat’8& 8y I&E‘['tl-eg gie tlrﬂ%eméf‘g 4 ?ﬁ%)ém 1% pﬁé%é%én t%\%/ é %re?%qnl OgraB% 2d “Hown the
full hei ghen@floge@ VB ebettib® fAmbabE oM r Als| @lin Bsbet MiAtis tewems, tedpe sdB Thisan
upward direction to a_palr _of_ conpression r%LIe,s 61 and 62. Tomer(§4 is
about si ¥ispheedis tedpsidsof Bbe T2rioHeifides stlt’ o 1%’83%9166"W8?tbﬂ?pr§%ﬁaﬁ ci ent
to pragvi c(lﬁ%e Phid ?i'ﬂflq%lﬁfqg Sf&'fvx];rhﬁ!e@%etidﬁt Wele 74 4hcladHg WERLaE ARk S5t ARl

i npregnabl e Tayer o e 45. The hei ght necessary to provide sufficient
head to iemptedgfibt eubhd2i ispp@lpdabiteoutiet enilahdbi of depesidpine @haphdeditecosity

of the resin, the i ckness_of .t he i npregnall erial and the speed of
feed thr 6?fg‘ﬁeff‘f?gqmtct5 rSIOTAgC ?r}%sé’lﬂr?e%?g)“}nnlg&ggﬁg%ngsgtt “tube 55 exiting tower 54

is ready final appi ng. Lt.h an.outer inperneahble ¢ i ng. a1
[0043] AOER < vhine iERsn 20y boe SHE e Toaeh Fopt S0EH BT mal ¢ e

di recti ofn@fides ANfoRmEOPIPR Gashdvesh i ieti dldesiendl 68auaét &er Angndpapedgst in
the direction of an arrow D and is_ envel oped hy everti%g fil rptube 72. As
fi | mifubgedter ¢% pesitippash 2bavggbe gaighseqtion of formes| RiPe &% oAt Fl PAK S TS t ube
72 so th I i [ Wenn]d ‘ s film
ibe 72, P e o B R B e s A e
film t ubéntd Xorrsermipt €d. Resioimpameahid Brubmeferitbpias il froneroliahe abe 20 a

fri ted truck. for st d_shi t.t i nstallat | | te. [0049
W so D1 aetraraerioreush g RE S A aR IR R e R o P EHEN o Lot

67 is fed over rollers 70a - d o a former pipe 64. A deflector 71 at outlet end 64b directs

15 film 67 about former pipe 64 prior to being fed into edge sealer 65 to form film 66 into a
tube 72 with an edge seal 73 extending outwardly therefrom. Tube 72 of impermeable
material moving along former pipe 64 is pulled in a direction indicated by an arrow E to
inlet end 64a of former pipe 64 whereupon tube 72 is continuously everted into the
interior of former pipe 64 and onto impregnated tube 55 and pulled in the opposite

20  direction indicated by a dashed arrow F.

[0050]  Referring to FIG. 7, a cross-sectional view through sealer 65 and former pipe
64 along line 6-6 in FIG. 5 is shown. Sealer 65 forms edge seal 73 in film tube 72 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
25  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. S 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

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

12



includes a forner pipe 64 having an inlet end 64a and an outl et end 64b and
an edge 10 sealer 65 positioned above the m d-section of fornmer pipe 64. A
roll 66 of a resin inpernmeable filmmaterial 67 that is to be wapped about
i npregnated tube 55 as it is fed into forner pipe 64. Resin inperneable
filmmterial 67 is fed fromroll 66 about a series of direction rollers
68a - e and pulled by a pair of drive rollers 69a and 69b as film 67 is
fed over rollers 70a - d to a former pipe 64. A deflector 71 at outlet end
64b directs 15 film 67 about fornmer pipe 64 prior to being fed into edge
sealer 65 to formfilm66 into a tube 72 wth an edge seal 73 extending
outwardly therefrom Tube 72 of inperneable material noving along forner
pi pe 64 imwyphe inguegmted idithe sahomanmdias aiceditiyyd ingonractan Fithowet-giitdeweind 64a
of fornmer.,pi 6 r on.t.ube, 72 | ngin Ly eve i 1.0

interior ngm fg gq'n%?%&lﬁlg?%f%gn%?%dn go %?rtﬁ?fgrgﬁlg{g gg%{s‘lﬁ%lg %gﬁfaeg%wdp%a] %c(ilh}?ﬂn t he
opposi t e oulél edtirase! iRefedenct saheadlshy wedlashEgl Aufcowphed & OOficdRefeanantang t o
FIG 7, % cross-sectional view through sealer 65 and former pipe 64 along
line 6-6"F% FIG 5 is shown. Sealer 65 forns edge seal 73 in filmtube 72
as film tube 72 passes over_the outside of faor 4. Once tube 72 is

)rmer. pi pe 6
evert éd, [(¥H8é sdnpurpdy of & figEiRls %GHBGW%%‘B@@WHQE@E‘E optgfhe putside spgfage
pul l ed f v%b i Iy jlm72
may be aggﬁ”gﬁ; %ﬁ’igogr%nl?ao ormg1£mtl(;£etrqa’th\;\[g?a %&t}te%n%ﬁlﬂt@ ﬁgmgg?g h\%\lﬁieer%{elﬁtg%ﬂs%i {:5 pri or
to wet olgayvingubsn 48versdpa febingsinkh ewh 83 nofFit@lerPips 83.edsdilrestt ¢nfensanleube

formng as I in FlL.G 5 an rovides liner..7Z4 sho i N £ross-sgection
in FIG 71.13?%?0%% S G 3P gqun}e%ﬂ?gﬁﬁggpgpﬂqﬁg?ffée ol es(’fr?&f%irr?ﬁ)ree%ﬁat ed.
[ 0051] Reheevdriag aboOw ihet Eld3B38ntithaldsklendtshiffer pRRA3 WS VEIOPe WhBb@ialgl an

outer 30 in%)er meabl e tube 81 about inpregnated tube 55 is shown generally
as 820 HBEfE puBe Mdeaved onlst prd BADr chatieEms @ eerEPTENSraRhdRVEE WBSTr i bed

S Ut o R g o e e e e o ™ e ence
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is used in this embodiment, there is no seam in outer impermeable coating 81. The sole
15  limitation of preparing tube 86 in this manner is the length of impermeable tube 81 that
can be placed on stuffer tube 83. It has been found that about 1,000 feet of an
impermeable fube can be compressed onto a stuffer tube of about 20 feet in length.

Longer lengths can be stored on longer stuffer tubes.

[0053]  FIG. 9 is cross-section of liner 86 as it exits stuffer tube 83. Liner 86 includes
20  inner tubular member of resin absorbent material 37 having an impermeable inner coating
38 sealed with a tape 48 as described in connection with FIG. 4. After exiting stuffer tube
83, liner 86 includes outer tubular wrapping 81. In view of the fact that tubular wrapping
81 is a previously extruded tube, outer wrapping 81 does not have any seams as in

connection with FIGS. 6 and 8.

25 [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

30 necessary to inflate the liner due to the presence of inner impermeable layer 38. By
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of staffer pipe 83 having an inlet end 83a and an outlet end 83b.

| npregnated tube 55 leaving resin tower 54 is fed into inlet end 83a of
staffer pipe 83. As tube 55 enters inlet end 83a of staffer pipe 83,

i npermeabl e tube 81 is pulled off the outside of staffer pipe 83 and
everted about inlet end 83a into the inside of staffer pipe 83 to envel ope
i npregnated 10 tube 55 as it |eaves outlet end 83b. This forns a conplete
| iner 86 having inner inperneable |ayer 38 and outer inperneable coating
81. Tube 86 with outer coating 81 is renmoved fromoutlet end 83b of
staffer tube 83 by a pair of drive rollers 87 and 88, or other pulling
device such as tractors, in a direction of an arrow F. Wien an extruded.
tube s puered selection of emotilarémtinnerhisneringatie 1$5eam8i, sudute polypparyieapl e

The. | ongthad oSG EabBhfea RO BEEnE% sofuote Srdn T b oo,

It has beeitifigeomdiuithat about 1,000 feet of an inperneable tube can be
conpressed onto a staffer tube of about 20 feet in length. Longer |engths

can be sfe05y orwhangelingit @fek @bt Rt gsner BPRReablk Brye? 38 Sarflli@S8asRAd @ Of
liner 86 as it exits stuffer tube 83. Liner 86 includes 20 inner tubular

menbef oPUESMRACTEISable yERPPiRGLTEr inglallafornaay hg doneibyplbe eeantngionsiryersiont i ng
38 seal echamddselFRE4 é'gU“ﬁs Flg!% bé?(%é% C Ofye &t v%[ﬂ/ % ﬁllegm% S er
I ner d

exiting staffer tube Inc es o ar wra In
vi ew of m@allfeé@smg hatlnﬂallioulbdirddwapmsﬂg)edSﬂ.U11$teaSmtc§SV]?awﬁINO 6}689;9d9d31t ube

and 5. " 280 LT it o 0P b SERL e eshusippLghish 86 Fepeomiehr o6

havi ng | hee by epesqseabl e | ayer 38 and outer inperneable wapping 72 is
ready for installation by the pull-in-and-inflate nethod. This nethod is

ful 1'yo degmgseped The pkbeestes Bad §ipardies ddscBB &8 prbiife %Q:BE%H[&t gx{ea}ﬁ@t]c h are

incorporated herein by reference. In the case of installation
pul | - i n- Bif@31en7 [cHitcd ineplher lioer having gt meﬂ and routet, lrraaesrapﬂﬂsaﬂaafee,vewm on

bl add | d f
i nﬁer o nlﬁﬁg%&&%ﬁ t a9x§§§ g@%ﬁ%&l ?hﬁlr oﬁ%ar eérggde%%e%?t?ﬁétt%ﬁg ‘?%ﬁ? g(ra |Onner
i mper maa@m ingyemabig, tubmhdwm axpdl{rt)eplirﬁpcyhﬁalﬁle lay lbeRge @ADURS i8PBENdMbIN St eam

|ntroduch i.nto tge | iner 74 or 86 once in position in the
ayer is applie

15 [0057]  The tube prepared in apparatus shown in FIG. 5 avoids the need to impregnate
utilizing vacuum or high pressure techniques which are cumbersome to use in view of the

desire to impregnate in a continuous fashion.

[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
20 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
25  the generic and specific features of the invention herein described and all statements of the

scope of the invention which, as a maiter of language, might be said to fall therebetween.
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exi sting conduit. [0055] Wen the |iner does not have inner inperneable

| ayer 3 8, and is wapped with 5 outer inperneable wapping 72,
installation may be done by the conventional eversion nethod as described
in US. Patent No. 4,064,211. Alternatively, such a liner may al so be
installed using an inflation bladder as described in United States Patent
No. 6,539,979 B1 and application Publication No. 2003/0015247 Al, the
contents oﬁﬂ%@kqmﬁgkﬁi;ncorporated herein by reference. 10 [0056] The
processes and appar at uses descri bed herein provide a conveni ent neans to
prepare a cured in place |liner having both inner and outer inperneable

| ayers. An_ inpregn t'qp tower as illustrated in FIG 5 readily provides a
met hod to Fnpr e@ﬁ’g?tgoéao PTERATAL D g abinerlpepdinen hoving aminnen epermeple meabl e
| ayer befq&;mgaxgﬁﬁgﬁginpernpable layer is applied. 15 [0057] The tube
prepared in” apparatus shown in FIG 5 avoids the need to inpregnate
utilizing vacuutsromgh st fwbeks ureenttee ohatilepsesnanhaiyatofarresin impepaghie to use in

view of the td ire to.iqgre nate in gﬁqont'nyous fashion. [0058] It wll
thus be seBAPAA TR IBIEITER LBPCFHAP'S 1245608, anmpng t hose made appar ent

from the precedidgidd@stlehfthio?R redth nfblecbhsHlERhleYiaPhdvih N EHindme 1B EReLOr Lai n

changes may be 20 made in carrying out the above process, 1 n the described
product, aiidpdiicrene seefaes;r ucti on(s) set forth without departing fromthe

spirit and sco he invention, it is intended t t.a%% er.
contained in tﬁ%@ﬁ%%@gﬁgggg ?B?F%ﬁqgﬁﬁméﬁﬁﬂﬂﬁ? l?ﬁéﬂ§5@8 %ﬁ%%%%”ﬁ?ﬁ%ﬁng(s)
shal |  be thoalegpr d@iedetd iﬁdoltummafohﬁelaaiﬂg tOimpefmaal]é Miyts Sthesede; [ 0059]

It is also to be understood that the following clains are i ntended to cover

all of 25 the JgBHErthe longifudipakedees of Gigdenstisolbresinimprosnableingnterind tegether

describedtgagnpg{bﬁkghﬁﬁﬂg.s of the scope of the invention which, as a
matt er of Ianguad%, m ght be said to fall therebetween. 14 What is clai ned

is: 1. A methodedfngghejprnat loogitwfind edpesad thotuplBe eehitegr havi ng an inner
| npermeabl e | %ggtihgﬁge%%{lﬁ{* %%%nber 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;
feeding the first tubular member into a resin impregnation tower of suitable
height filled with resin to provide sufficient pressure and path to impregnate the resin
impregnable material with resin;
withdrawing the impregnated tubular member from the tower; and

placing a resin impermeable coating about the impregnated tubular member.

2. The method of claim 1, wherein the step of placing an outer coating about the
tubular member includes the step of wrapping a planar sheet about the impregnated

tubular member and sealing the edges of the sheet into a tube.

3. The method of claim 1, 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.

4. The method of claim 1, wherein the first tubular member is fed into the upper

portion of the tower, drawn to the lower portion and removed from the upper portion.
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formng a first tubular nenber of at |east one |layer of a resin inpregnable
mat eri al having an inner resin. inperneable |ayer by: providing a | ength of
a resin inpregnable material having an inperneable |ayer bonded to one
surface; feeding the length of resin inpregnable material in a first
direction and formng the length of material into tubular form having the
i nperneabl e | ayer on the outside; joining the |longitudinal. edges of the

| ength of resin inpregnable material together to forma tubular nenber;
sealing the joined | ongitudinal edges of the tubular nenber; everting the
tubul ar nefiber Thé Mettod@Iftlaim 12irsARRNHhe RRO T &inHhS 8OLAQBnS Addifiddal bR

outer layer is the resin. inpregnable material; and continuously renoving

t he tubul a?flwblﬁimﬁelﬂfﬂ@bpwggﬁmt tywlrsmpasatisire | ayer  on. the inside,
feeding the first tubular nenber into a resin inpregnation tower of
suitable height filled with resin to provide sufficient pressure and path
to inpregn@te tTke mesiod of thapn eginahldéengmht efeh Alf forrditp 4 Afeldf ravid elsemdestde t he

i npregnated tubul ar nember fromthe tower; and placing a resin inperneable
coating abBEErEhY PRgidmsmshest et ippeaneabismaterial and fomaingghqdhgetintad tibm 1,
whereln t hgdsiaofehiCivd: &0 MRUlE0uGARELRG. about the tubular menber

i ncludes the step of wapping a planar sheet about the inpregnated tubul ar
menber and sealing the edges of the sheet into a tube. 3. The nethod of

claim1l, ereip. th t of pl aci ng, an outer coating about the

i mpr egnat\gg tubﬁ?eﬁe‘ﬁaﬁﬂgﬁamém @§! EF?PH%?%I% c4§os HBIPFERGIOL
material . @akOaltil@uddsThE Gop 8t 8Awhinbiteat o fBifahd ﬁlee%géth@@ﬁﬁ%%ﬁiﬁ%“@th the
outer coating. 4. The method of claim 1, wherein the first tubul ar nenber

is fed intgeenel thpplget ingoatubsn of the tower, drawn to the |ower portion and

removed fromthe upper portion. 15 5. The nethod of claim 1., including
the step of formng at | east one additional tube
8. The method of claim 7, wherein the edges are drawn together to be parallel and

sealed together in an edge sealer.

9. The method of claim 6, wherein the impermeable material includes a layer of

impregnable material.

10. A method of preparation of a cured in place liner having an inner impermeable
layer, comprising:

forming a first tubular member of at least one layer of a resin impregnable
material having an inner resin impermeable layer by;

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
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of inpregnable material about the first tubular nenber. 6. The net hod of
claim1, including the step of form ng a tube of resin inperneable

mat erial by providing a sheet of inperneable material and form ng the sheet
into a tube and placing the tube about the first tubular nmenber. 7. The
met hod of claim 6, wherein the step of formng the tube of inperneable
material. includes the step of drawi ng the edges of the sheet together and
seal i ng thgnﬂggg§§€of the sheet into a tube. 8. The method of claim?7,
wherein the edges dre drawn together to be parallel and sealed together in
an edge seal er. f@dinghie: fist iddladmeadbat Mt6 a rovieiBprBgidlion epariiRabl e reiner i al
includes a |layer of  inpregnable pnaterial. 10. A nethod of preparation. of
a cured i n?tf Eebleihgight IoarPyige asuitisHat Praspie headnigesin &g erpregmnipiiespsiy:
formng a &hﬁa&mbﬁhﬂ&éﬁmﬂﬁﬁg%Hm9£ﬁﬂl | east one |l ayer of a resin inpregnable
mat eri al having an inner resin inperneable |ayer by; by: providing a

| engt h of a reswithdmpireghelhpregmited ivblilan avinttgr &oni thipeswaalide | ayer bonded
to one surface; feeding.the length. of resin, inpregnabl terial in a
first directionPl®dAY2 T¢ER m‘l?‘f’@megtﬂ% C?aéﬁ’étq??oB?thﬁﬁpéﬁeg’é?te‘?bﬂﬁﬁﬂa?ﬁm@F form
havi ng the inperneable |ayer on the outside; joining the |ongitudinal
edges of the length of resin inpregnable material together to forma

t ubul ar mebiber ; Thaempthag of Hleim é.rekkertiornthe stapbfiplacingdgestentodting dbobuthar

mber ; ing the tubylar nenber into itself.in a. . d o it
et on BhHBeh PR YR Che TETUF beReb bR R SR ETR0ARRY | *ana
cont i nuoushytefigindvinge itipregidied fbulie eiberhhdsdall8s tHY RYERS T thEERSARAOLE

| ayer 16 on the inside;
tube.

12. The method of claim 10, 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.

13. The method of claim 10, wherein the first tubular member is fed into the upper

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

14. The method of claim 10, including the step of forming at least one additional tube

of impregnable material about the first tubular member.

15, The method of claim 10, including the step of forming a tube of resin
impermeable material by providing a sheet of impermeable material and forming the

sheet into a tube and placing the tube about the first tubular member.
16.  The method of claim 15, wherein the step of forming the tube of impermeable
material includes the step of drawing the edges of the sheet together and sealing the

edges of the sheet into a tube.

17. The method of claim 16, wherein the edges are drawn together to be parallel and

sealed together in an edge sealer.
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feeding the first tubular nmenber into a resin inpregnation tower filled
wth resin at a suitable height to provide a sufficient pressure head of
resin to inpregnate the resin inpregnable material fully with resin;

wi t hdrawi ng the inpregnated tubul ar nenber fromthe tower; and placing a
resin inperneabl e coating about the inpregnated tubular nmenber. 11. The
met hod of claim 10, wherein, the step of placing an outer coating about the

t ubul ar nenper | es, the.st.ep. of wapping a p]anar .sheet,of resi

por meabl oo rat B Pt OR3P Rl ARG feBle T A geT e 68l g ¢ he
edges of thepsfiedle mafedala tube. 12. The nmethod of claim 10, wherein the
step of placing an outer coating about the inpregnated tubular nenber

i ncl udes everting a tube of inperneable naterial onto the inpregnated.
tubular material. as it passes through the outer coating. 13. The nethod of
claim 10, wherein the first tubular nmenber is fed into the upper portion
of the tower, drawn to the |lower portion and renoved fromthe upper

portion. 14. The nmethod of claim 10, including the step of formng at |east
one additional tube of inpregnable material about the first tubul ar

menber. 15. The nethod of claim 10, including the step of form ng a tube of
resin. inperneable material. by providing a sheet of inperneable materi al
and formng the sheet into a tube and placing the tube about the first
tubul ar nenber. 16. The nethod of claim15, wherein the step of formng the
tube of inperneable nmaterial includes the step of drawi ng the edges of the
sheet together and sealing the edges of the sheet into a tube. 17. The

met hod of claiml1l. 6. wherein the edges are drawn together to be parall el
and sealed together in an edge sealer. 17 18. The nethod of claim15,
wherein. the inperneable material includes a |ayer of inpregnable
material. 18
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