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[0001] This invention relates to cured in place liners for trenchless
rehabilitation of existing conduits and pipelines, and nore particularly
to a cured in place liner of aresin inpregnable nmaterial with an integral
i nner inperneabl e | ayer continuously nanufactured in desired |engths for
trenchl ess rehabilitation of existing conduits by pulling in and
inflating. 10 [0002] It is generally well known that existing conduits and
pi pelines, particularly underground pipes, 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 environnment into the interior or conducting
portion of the pipelines. Alternatively, the | eakage may be outward from

t he conducting 15 portion of the pipeline into the surrounding environnent.
In either case of infiltration or exfultration, it is desirable to avoid
this type of |eakage. [0003] The | eakage in the existing conduit may be due
to inproper installation of the original pipeline, or deterioration of the
pipe itself due to nornmal aging, or the effects of conveying corrosive or
abrasive material. Cracks at, or near pipe joints may be due to 20

envi ronment conditions such as earthquakes, or the novenent of |arge
vehicles on the overhead surface, or simlar natural or man-nmade

vi brations, or other such causes. Regardless of the cause, such | eakages
are undesirable and may result in waste of the fluid being conveyed within
the pipeline, or result in danmage to the surrounding environnment and
possi bl e creation of dangerous public health hazards. If the | eakage 25

continues it &R IEEFEROCATENE R THE RATENF CORPERAHONMREARYui t due to

| oss of soil and side support of the conduit.
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[ 0004] Because of ever increasing |abor and machinery costs, it is
increasingly nore difficult and | ess econom cal to repair underground

pi pes or portions that may be |eaking by digging up the existing pipe and
replacing the pipe with a new one. As a result, 2 various nethods have
been devised for the in place repair or rehabilitation of existing

pi pel i nes. 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
most successful pipeline repair or trenchless 5 rehabilitation processes
that is currently in wide use is called the Insituforn(r) Process. The

I nsituform Process is described in detail in U S. Patents No. 4,009, 063,

No. 4,064 . nt en f i r I

i ncor por at gﬁk@a&?jﬁ%lai@g{? %.I iﬁ@é&]‘“{ m QMWE&% of the

I nsituform Process an elongated flexible tubular 10 liner of a felt

fabric, foamor simlar resip_ i npreqn i.al wth an outer

i nper neabl e coating that ﬁéﬁucc FHPY Cgﬁé‘{wh?ﬁ” t hernosetting curable
resin_is_.installed . within e existin i pelin n e st ..wi del

or act Poedfiloa: AR smbph sy R pded 17 el o ror bhepltis PRI & ng an
ever si on cRIsARE S6nduds afe pikiiRRdaddmbobReparBdlladned a 0888 id PRbé Uher R Prtiants. In
t he eversion process, radial pressure applied to the interior of 15 an

everted Impegngiessaderial ¥ihi mar @irgralntipnesndapemeablow leyert reniiminelysur f ace
of the RRGEAR RS tcﬁﬁr%d' i%ﬁ%thk' %Plu%gc@leﬁn&ﬁl%ﬂﬁtahgﬂq}fheﬂgtm hso&hﬂg*b ne. The
s also y pu e

I nsi tuf ormProcess | ractice I'ng a resin | Mpregna | i ner
i nt o t he pohinglin tndinflatinppe or cable and using a separate fluid inperneable
inflation bladder or tube that is everted within the liner to cause the

| i nenot o [0002¢ adaingénekdlly welhdmowal thatoéxisthe epnidaits agd pipedihes) @artisubiliyr esi n
20 inmpregnated liners ar ageneral ly referred to as "cured-i n.-gl ace-q%i pes”

or " Cl PPUPfisTeFamd Pips. $5B oF SEVANY ST PHS: FRRFIU HRPsa "ePPIFhdthe®at i on.
[0006] Comuenid:onalenghbrd ft fnab&ide! Biab! @eqlﬁleﬂw MqulikN@psir fRe ROt he
ever si on and ull-in-and-inflate CI'PP i1 nstall at’i ons have an outer snooth
| ayer of leakhgs. i Tied lpalfage riaplbe 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 resul,




substantially inperneable polyner coating inits initial state. The outer
coating allows a 25 resin to be inpregnated into the inner |ayer of resin

i npregnable material, such as felt. Wen everted, this inperneable |ayer
ends up on the inside of the liner with the resin inpregnated |ayer
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 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 3 initiated by

i nt r oduct v mhebdC HiveSeeh | déhHed LodiNhO iGNt ed Liner

through a recircul ati on hose at%ag g@e??)p!%é%g%%r 3 r%hﬁgﬂlg%lé’fltq%%él Hger

The resi nPiDspRSg e methade avoidpircegpaiteandibesniabssoiiated atmhasgdine {r m a
n the existing pi_pe%l ne. The

hacd ti el e e T eact .
new | ner &) BRI dd pE bR ool il f ahsFiea St iprpeuibie Gribs or

pi pe j oi npuldlist dwiirgy asrisanclich. OIGHEr oft Ghe HHEY Sftbedsith PRlihE FAUCOL bliegh N O OF
out of .the gi .tll}ﬁ@gl peline. The cured resin also serves to strengthen
the ext st ‘E‘%‘Sﬁ eecs | thalgs camently igrwidedise dsldaltbdsthe Jotiwfan® Bppess. f or

t he surr oTRéimangsvh 'eh t; ubu ured i.n pl iners are
installed by the pull-i %gﬁ%-éeg%%epemhﬁgﬁ%oﬁ %e%P?ﬁtérNP'saioﬁgﬁéénﬁ’ed W th
resin in #Re4.3bhandeNned,135,958, thaecomieats bbwhiitoaas il hborpoEidUhd8s Hpt 0 and

posi ti onelqef%ﬁégi n the existing pipeline in a collapsed state. In a typical
installation, a downtube, inflation pipe or conduit having an el bow at the

| ower en@obﬁdpo itili 0 eg githi.n ap_exi sting nmanhol e or access point and an
everting bl adder GSE‘B & d’r?qtﬂf’%ﬁgwet%mmﬁ%ﬁs apsdongated flesibte whhlked back
over the Myt bf af fhGabiitQr foz@N ! s I b nd j.nserted into
the col | apsed |iner. f?l'r:e col la seséﬂﬁéﬁg%ﬂigh\ﬁ}%ﬁlet ﬁj\eﬁltegi%fs Fh§cB8RELI t is
t hen posi {FIRSHBERbER, epatimgothstebas bagnt ivprégnatedf Withl sbthermevettingf curdthe régid hiat i on

bl adder. ; i [.Uj as ter, is.then fed into. the downtube
and the 1\%&3 E%@%étg@gt&% gﬂicsgnu% g%%{iﬁ% %Aﬁjlea{??sé APl dtesticsd, embediment ofothat he
hor i zont atrogsss.tthofinef istihstalleel inimMraneh eaieh pRReROk! aRSAA:d IEE 4 gypand

agai nst thesinterior surface of the existing conduit. The eversion of the
inflati onB§§ ?&&Bf“%f%%i% therversiqnroensa gadinl pressuhesppdied 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 5 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 referred 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 hoth 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

3




20 extends into the downstream nanhol e or second access point. At this tine
the liner pressed against the interior surface of the existing conduit is
allowto cure. Cure is initiated by introduction of hot curing water
introduced into the inflation bladder in nuch the same manner as the
recirculation line tied to the end of the everting bladder to cause the
resin in the inpregnated layer to cure. 25 [0008] After the resin in the
liner cures, the inflation bladder may be renoved or left in place in the
cured liner. Both the pull-in and inflate nmethod as well as the eversion
met hod typically require man-access to restricted manhol e space on several

i L § NG ; : 0Ccess., For ex I man- access i s uired to
seour et nigted BERBBBEGaR clidle BB F e Valka 56 St i b Eer ¢ 11
into the c@ﬁrba]pﬁmldhcbsieﬁﬁached t ?_ﬁ@ﬁﬁ oRggavetias sinaf elgﬁ‘gfééﬁﬁ?‘??%ﬂ{f%deﬁﬂ@? 29
[ | I ed. ! setting resin is inpregnated intc e |
st el Lo BCr Rl Sl e osetting ool 1 1 s oo i
t - out i r - - hent
e s t b P e A Sy SR sl PR LAOSERETT |
drawi n§ a oy APGURITAgtesiopaioni inprddretoi prpveat fiathed lédkage cither dighomow ofahéer s as

is well k A, J |00 0 rt. A wde variety of resins may be used,
such as p(%’l‘c‘)1 %hsgltép élﬂ%i n@lﬁ" ceugxl%(&e&n A3V e'ségis. gn% REXsng BIPCl WA MRy be
modi fi ed astodeevidesaddettstrusipil edRpoaIbehE Survbniig@ndirb@aéA. Whi ch is
relatively stable at roomtenperature, but which cures readily when heated

Wi th air, [6908RM Wienhflbub@t@bed BY phEilRECstot Rs@RR] ‘B?rﬁl@fgﬁl[iﬁ%@tiﬁi‘?aﬁe such
as ultra-viglet light, 10 [0010] One such procedure for tting out a l|iner
by vacuu nﬂeﬁﬁfie@ﬁ APFI Imgreggatsd Withaesin m tha sime hunnerlds S theatversionNocess

2 j ; ' nd_outer . inpernmeahl e layers,. the
1, 201012 AN B L85 DGR, AR RO TSR L o
the fl att&pid inshlntienc desitubd, iftibepigncr ehdaptiavBipdeseBsy de Rl loked i n

the '063 _Patent.. Another apparatus for wetting out at the time of _
i ngt al | at ?%‘f\lls\?ﬁr%’islltlgn g@ﬁﬁbmgg}i%ﬁ%@meaf’r peress point agarepicering bladderiimer i s

shown in bhsked Babesd NO.dofinhBe, dBehed S anQORIRI 8ol 08GCHCholIeSE Rt ents
are i ncor é)rgz%}rlgl?pgretzigglortl ﬂtljeyellr)gﬂjv irrlc? rilrfsgfted into the collapsed liner. The collapsed liner
15 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.




[0011] Recent efforts have been nmade to nodify the pull-in and inflate
nmethod to wutilize air to evert a bladder into the pulled-in liner froma
proxi mal access point. Wien the everting bladder reaches the distal access
point, steamis introduced into the proxinmal 20 access point to initiate
cure of the resin inpregnated into the resin inpregnable layer. This
process offers the advantage of faster cure due to the increased energy
carried by the steamas the curing fluid. However, the process stil
requires eversion of a bladder into the pulled-in inpregnated |iner.
Efforts to avoid this step of everting the bladder into the pulled-in

l'iner inc pe f er.sian,ste oye gr n . For exanple, in

U S 25 Pat en Reg%-mf% éﬁg""%%( fite rlﬁ)é%é%%f %@Pé&e‘g‘r&% egmtgeﬂeﬁlﬂr%tl on
hose i nt oirpregzated iptone Tdsmmgrbhﬁlﬂﬁye@@@ﬁ/cﬁu% @waq)r@des@fefélfed%' hi WG Jufve hose
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out er ToaP#HgEdBe Fﬁ%ﬁeg%?l’ﬂ%dﬁmwgﬂlmughdnm aolleboe ad mtweldzl kaesh di rﬂ@e&:hhﬁiglaﬂﬂ; da 5
pul | ed-in qta ere i.nvolves the difficulty faced when
trying tOWIK} %?13 nat e%%ﬁgyem%&fr%&%@?ﬁ@t‘?‘fﬂ@ﬁ eI @B&%F&H’(‘S@P@é@h t he

i nner andlikeytvelrich mmyeberemddliBed patibaga. khe Iﬁweﬁalmecnahhﬂge L GB8A PSS S ”t' al
ated liner and to allowthe liner to be pul

for handl] the |b n
into the ‘i?%%é’FIiyﬁ @%ﬁa@qm eRReratiES. Pyvdrcl oaey Iwgdulsswhsz hl@@adr\eﬂi tig, stdain f or
curing W érhot b.@te?t(ﬁ%ﬁb e&t%ﬁp&%&rgﬁﬁ & 48 zrtn\)rlo 'lhlggﬁ" ons to both the

eversion and pull-in and | Fenahl 888 T BNAD |I| met hods, both

procerpesioat | aba s SASIcMEr: EROERa Sy Sk, \GLTR, GHLLSr i LT

the i ncreased costs ass |ate wth A% CBY to

provi de adesethediinilngituiform Hel. HRatkntNd. HA6601PUWhémtharithel Bbd Aher ARt fggo! ogy
th an inner and outer coatings and

wherein t] ufatured
readily i'mpr ég%algken%y%%’ tpgg't% Hl?é'u’?j g’ec%ﬁpéhe%ﬁa%@@aﬁfht%@fmﬁ@ opuapAgtef | ui d
to take addanifabeflakentleinen eidiesAVaidall8qtd b | 3t4@an
nmet hod V\/r]éCh is faster and nore effjl cl enat econoglﬁn%\@egﬁs a%gr?hgé&%éh 66%
atent. Another apparatus for wetting out at the time of 1nstallat10n while drawing 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 into the resin impregnable 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.
25  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

30 inmer coating and an outer coating so that a curing fluid can be introduced directly into a
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current rehabilitation methods. SUMVARY COF THE | NVENTI ON 15 [ 0014]

Ceneral ly speaking, in accordance with the invention, a resin inpregnated
cured in place liner with an integral inner inperneable |ayer suitable for
pull-in and inflate rehabilitation of existing pipelines is provided. The
liner is continuously formed froma |length of resin absorbent materi al
havi ng bonded thereto on one surface an inperneable |layer fornmed into a
tubul ar shape and sealed into a tube with the 20 i nperneable | ayer on the
i nside of the tube. The resin absorbent tube with the inner inperneable

| ayer may be wapped with additional |ayers of resin absorbent materi al
secured i byl ar i hOEa fil.mi,S.w ed.ahout, t.he i nner
resin i n%{rlg%(%l%bllihlé&"t UE% mﬁﬁéﬁip lceﬁglgﬁ hg%s%&glg At %{@ﬁ?‘ﬁ}%’pfﬁﬁﬁd 8@1‘3{1”1&13@ 1t ed
wi th a t henprsgeate ithy resiesimprbgfabiee noatersfl t @ikpdsbe W& KRS iifhdr "RET BRRP! €
filmis wappe bout. the_[nner tube. 25 [0015] The .inner inperneable |ayer
shoul d bemoﬁ%n\%ﬁbﬁ% ROFH0E}-o I PUSST coFing pemping setinhierrbandling thefimpregnated i ng
f1uid andlieemnedus ailow thd LindiSo bRtpaNEe Qleh%iscﬁ% (oSt d b BardeP oating is
rehab|$|t ted pipe, The outer |layer may be sinply heat ‘seal e U hg %
ther med  bBFFedfe 2l Hpeuringwith thagieam.seal nerely encapsul ates the resin

i mpregnated material but should 6 have sufficient strength to wthstand
handl i ng H¥d3hor Netwihsteadingahe medifidations tartmio theedcaivg andheili-ipund egildat o t he
exi sting gonsw he, re£sj n, absor bent terial, wth the integral

i mper rreabf'}e I aﬁgé?ehgﬁﬂéagﬂgn-B%egl}?cﬁtié&%d’ﬁocﬁﬁsef 81?%]@”@0 FINEIVE, TeaYES AheveEEen ed i n
a vari et ystap andigufer Tiohsthic indrewbes codls SRHM6184 ivﬁ!h&hish@?écoﬁﬂ‘f%f@is‘%%ﬁr&b?@i ng,
sew ng an& ta%n%gaﬁr .lseal ing with an extruded material. e tube IS

cont i nuou$I Broyge aeahahilitatiommcthed; wilizmg madiriaisnd infate meshodohayi wisirele thabout a
t ubul By dENdrGE AR Bredi v i i i abl e, |l ayer on .t he outsi de,
sealed in a conventironal %%%%%F%%D%ﬂg%dagﬁ\%@Jg%ﬁm ?ﬁ?é'lp Sf)ﬁ}il%dbh t he
form ng O keecurgthby steatess thayaering STuibve tae atlesitipeadisne tm_&‘gﬁa&ui@dbl@fo | ayers

that are | rior to.or,after. 10 bejng wapped with a polyneric
coating t%@%ﬁ%&?@\ﬁ ; lolneglleﬁmgn thLIIBVWt‘Eﬁ a‘l‘i @?oéﬁj@fgﬁﬁﬁ ec"nomlcaﬁy than
current rehabilitation methods. :

SUMMARY OF THE INVENTION

15 [0014]  Generally speaking, in accordance with the invention, a resin impregnated
cured in place liner with an integral inner impermeable layer suitable for pull-in and
inflate rehabilitation of existing pipelines is provided. The liner is continuousty formed
from a length of resin absorbent material having bonded thereto on one surface an
impermeable layer formed into a tubular shape and sealed into a tube with the

20  impermeable layer on the inside of the tube. The resin absorbent tube with the inner
impermeable layer may be wrapped with additional layers of resin absorbent material
secured into fubular form. An impermeable film is wrapped about the inner resin
impregnable tube, The resin absorbent material may be impregnated with a thermosetting

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

25 [0015]  The imner impermeable layer should be one which is resistant to the high
temperatures of the curing fluid and exposure to fluids intended to be carried with in the
rehabilitated pipe. The outer layer may be simply heat sealed using a thermal bond or

taped. This outer seal merely encapsulates the resin impregnated material but should



pulling the liner with inner and outer inperneable |ayers into the existing
conduit. [0017] Accordingly, it is an object of the invention to provide an
i mproved nethod of cured-in-place rehabilitation of existing pipelines.

[ 0018] Anot her object of the invention is to provide an inproved liner for
cured in 15 place rehabilitation of an existing pipeline. [0019] A further
object of the invention is to provide an inproved |liner having an integral
i nner inperneable |ayer suitable for trenchless rehabilitation of existing
pi pel i nes. [0020] Yet another object of the invention is provide an

i nproved nethod of 20 continuously manufacturing a resin inpregnated cured
in place.liner.havi i nt. al, . I aner_ | I - l..jet a
further &‘{?]'V%E‘ffﬁ@renis}%%ngtrgl\}grwlﬁlgﬁngga?dgmgra%i eSI§E %’g% o]!l og%{ﬁg actalljlgii ng a
resin i muegmdleddnts tieagkidtingRbadigt. | i ner having an integral inner inperneable
| ayers and an outer inperneable coating for pull-in and inflate trenchless
pi pel i ne [oosdial |'eid @Rin 2Bsdk A2 ZhatSidll Withtihe rinwpiaedirpeandbidlegat agemeof the
invention will in:part be obvious and will in part ?evgag})pa ent fromthe
speci fi cavrfaee cpmbo ek inta i Hheopnchsedadditgl Yaresmet (vews: « hsJadBdes st eps
and the r | L RS tE of the
ot her Is3 , tﬁ?’é@%dé%g?ﬁe&gg@“gﬁ%égg it%é]?%’e%ﬁggeé{dg %5 mgl’ E:){(; ﬁé@ggﬁ%tﬁﬁ eggﬁn%dnat i ons
and arr angessst The tysers sottimiously domebdprithdthc oessf fropregeabithlayerapisthe e t he

products that ssess .the characteristics, featuyre roperties, t he
rel ation ZPW %Bﬁﬁ%ﬁgﬁ‘ﬁg‘? m ghedregien Whﬁlﬂﬁ ’in%HeEBe‘ﬂ}%ie fallé{‘élp?% ec?v‘%n%sﬁge’ 8‘%?‘3 iled

di scl osurig.a RAderBRaISERREr Ald thAEcvdrid @BktkRbuW kirolgh ihedo@ahedevice. (Tie
clainms. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0024] For a faller

under st ar@iterdayst isiaev thevesit possrbanglayprerdeyarsthbare tepTegaated prig o og after

descr,ipt i,0rF i 0-&£0 ' ),k he...a6 A | i.jy whi ch:
{0029 1 e RERed BAEALBAGHLA0 AN bNGnREEAIRASK 40 IR Hlge b

i mpr egnabhudling the tinémwith inner and outer impermeable layers into the existing conduit.

[0017]  Accordingly, it is an object of the invention to provide an improved method of

cured-in-place rehabilitation of existing pipelines.

[0018]  Another object of the invention is to provide an improved liner for cured in

15  place rehabilitation of an existing pipeline.

[0019] A further object of the invention is to provide an improved liner having an

integral inner impermeable layer suitable for trenchless rehabilitation of existing

pipelines.

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

inner impermeable layer.

00211  Yet a further object of the invention is to provide a method of manufacturing a
resin impregnated cured in place liner having an integral inner impermeable layers and an

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

25 {00221  Still other objects and advantages of the invention will in part be obvious and will

in part be apparent from the specification.

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

more of such steps with respect to each of the others, the apparatuses embodying features of



pl ace liner suitable for use in lining an existing pipeline of the type
generally in use today 10 and well known in the art; [0026] FIG 2 is a
cross-section view of a cured in place liner having an integral inner

i nperneabl e | ayer and an outer inperneable filmor w apping constructed and
arranged in accordance with the invention; [0027] FIG 3 is a schematic

vi ew of the apparatus used for preparing the inner portion 15 of the I|iner
having an outer felt layer with an integral inner high tenperature
polyneric layer wused in connection with preparation of the cured in place
liner of FIG 2; [0028] FIG 4 is a cross-sectional view show ng the

structure of the inner tubular portio of . the |liner d

appar at u<SOBTUEes, cgm Fﬁ%%]m% anﬁn?eél?gf RERSAR 12 alg%Pteg{%va e?ﬂsdﬁfsiﬁ%e g’ng
resin i NphEYRApiodlctd Mcht \WoskeRd e dhibractéMstichefehtulid] propertied eind ahie Fidbondoff or
preparing an inpregnated Cl PP _liner having Jjnner and outfr in%gr abl e

| ayers i rrompeeniFanBichare wemplificdipdb follawngsistgpd disetosuge, ipad thespape ol Mect i onal
vi ew of t. -ﬁ?k]'- Vi the wapping apparatus of FIG 5 taken
al ong Iir%g&gﬁ%?%gn %lg%ﬁjﬁ.ﬁ%aa%ls a cross-section of the |iner prepared
by the apparatus of FIGS. 3 and 5. 25 DESCRI PTI ON OF THE PREFERRED
EVMBODISVENTS [ 0032] A r eBRIER BESESBIFION OF TEHE DRAWVENGS| | ner prepared in
accordance with the invention has an int e%r al internal lining so that it

can be i rf8024]l edFdyye fuller poddrstumlingef the in Rerefisenss ds 2ad to #ig ollewngnd
cured with a. hea | ul i t f A Lan.. bl adder. The

i npr egnat &qﬁuﬂ%iﬁgﬁ %C%ﬁeﬁ%ﬁ%ggeﬁgg%@%ﬁ%ﬁ é@g}gﬁwﬁlgh'pr epar ed

conti nuo in i.r.ed | engths..The. |q i it.1s
asserbl edOPEslyi iC i ¢ REPRCH B stot B dhbaafet PRk SHRRLERIAGR i

f1 at t enedplhdenBier HiabRFoPudeds iliningtaxbting phpeliat of haltyjecteneetly amusertodary and an

outer coating using convention vacuum inpregnation technology. [0033] This
i ncr dés edmeftdirnonadadiedy i s evi denced by the process suggested in U.S.

[0026]  FIG. 2 is a cross-section view of a cured in place liner having an integral inner
impermeable layer and an outer impermeable film or wrapping constructed and arranged in

accordance with the invention;

[0027]  FIG. 3 is a schematic view of the apparatus used for preparing the inner portion
15  of the liner having an outer felt layer with an integral inner high termperature polymeric layer

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

J0028]  FIG. 4 is a cross-sectional view showing the structure of the inner tubular portion
of the liner produced by the apparatus of FIG. 3,

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

outer impermeable layers in accordance with the invention;

[0030] FIG. 6 is a cross-sectional view of the edge sealing device of the wrapping

apparatus of FIG. 5 taken along line 6-6; and

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

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

invention has an integral internal lining so that it can be installed by the pull-in-and-
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Patent No. 6,270,289. Here, above ground a calibration hose is inverted
into a flat-lying inpregnated |lining hose, or an inpregnated |ining hose
is inverted into a tubular film 10 using conpressed air. In this case, the
| ength of the |lining hose approximates the I ength of the underground
conduit to be lined. The inversion of one tube inside the other requires
an unobstructed I ength equal to the length of the |longest layer. If the two
| ayers had not been previously inpregnated, it would be necessary to
inject resin between the layers on both sides of the lay flat tubes in
order to provide adequate I npregnation. This 15 is a difficult and

I nefficient, wa teI|n| tubes Thu not only is the length
restrict eH’*ﬂafﬁ%‘ og(gn %p?‘@g“ﬁ'a? |asheé§FflrfBH€“9th8Ptf‘?‘Fé‘l§?P fan gglipnF g 1
i Il ustrat gadderf | %EQ%r%ﬁﬁﬁé Ihﬂérptlvﬁﬁeinﬁérnﬁﬁ eilﬁlteé?:fle E}B@ﬂ%m By Rehabingqi n use

today and well known in the art. Liner 1IS forme at oneIayer
of a fl exFoiteondy inﬁqswpd kg aths| dhedineringy be snprbgrasedaasﬁustasm;béed ibXi¢vavi ng

an outer r. |ImIa er 12 .an

pol yner | gg{e%% qg%ga)ﬁjre g g}? 1|ltt{]c ST on plggg figﬁﬁleedelﬂler Ith% 1Py A fesin E%Oﬁ%'eﬁ
liner.5A anmpal bbiweert aefimep |aﬁx$ Tathi‘dﬂdﬂibt!nEg Bsih© bavehtiéh vaRAnPmS¥iiuged
material 16.is placed on or extruded over seamline 14 in order to ensure

the inpefSTE3MPEY-ty of liner 11. In the enbodinent illustrated in FIG |
and used throug out  this descrlptlon liner 11 includes an inner tube of a

second f el403phy e his7ingeassd efforicesessary ig lepidgnagd Jwathe PravessiBiggesied indddd at a

point in %p&g 1,0 elt
| ayer 12. P%J%?tteﬂrwt% eﬁdﬁgyer Zatb@f% P J&h&{ag&grﬁt;@fék p%énjlt 8&#%%3% ound
i nner t ubirhpregtaggdelinibg hodd, tegrani mzpregm&tdt hxnng |hnm 1shitverteda1mto atthbulaufilnh engt h

L nor T Pl RambRtie . 2 B8 b o Bngh BY e vl B gopupt et fedendte

existing of ge) i®rorBfind Soricit @7 bONink® bﬁienﬂtv@féi%ﬁt@doﬂéﬂ'%e lﬂﬁide ?tﬂe Siflest 1 NY
pipeline. 9 [0035] Liner 11 of the type illustrated in

i mper meabteguires sipEabstdedlensth papal to \thq length IO@W@&Q@QShlaaﬁr atfrthecitwwtam
eversion ﬁﬁi H&S&J h@) éﬂﬂ@yﬁl\,ﬁr de'it’ Wblﬂd%ﬁ%%cfisg%n aE@ig?‘t I'(rfgbglgt Ieﬁﬁeegr{:h? he

installation in ac nvent
| i ner neelyers on both sides of the lay flat tubes in order to provide adequate impregnation. This

15 s a difficult and inefficient way to imnpregnate lining tubes. Thus, not only is the length
restricted, but also the impregnation is extremely difficult.

[0034]  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
20  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
25  along a seam line 18 positioned at a point in the tube other than the location of seam line
14 in outer felt layer 12. Outer felt layer 12 with polymer layer 13 is then formed around
mnner tubular layer 17. After impregnation liner 11 in a continuous length is stored in a
refrigeration unit to suppress premature cure of the resin. Liner 11 is then cut to a desired

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



only be sufficiently inperneable to allow for suitable wet out and

retention of resin and 5 to prevent danage to the liner as it is pulled

into the existing pipeline. [0036] For larger liner dianeters, several

| ayers of felt or resin inpregnable material nay be used. Felt |ayers 12

and 17 may be natural or synthetic flexible resin absorbable material,

such as pol yester, acrylic polypropylene, or inorganic fibers such as gl ass

and carbon. Alternatively, the resin absorbent material may be a foam

| nperneable film13 10 in outer inperneable |layer 12 may be a polyol efin,

such as pol yethyl ene or pol ypropyl ene, a vinyl polyner such as polyvinyl
in t art for

chl ori de, a pol yur ne as_is well nown

sew ng, 49&¥§|vébﬁﬁhﬂﬂﬁ3%69®Fﬂgﬁgaﬁgﬁﬂ 1§ﬂnﬁﬁ§n é?“mgﬁﬁégﬁFe neans
can be usggl JiRw Kefn taﬂaura%tv@gtéraévefsmxpastde@a-?oedlaﬂow eHb*ﬁb‘}éraﬁ:l Sh@Pin dhgal |
trenchless rehabilitation installations, the existing plpe i ne is prepared

bly cl eian|1n2@atannﬁta1m501wMd@moabmngwéqhot@ﬂ}veﬂé@m rthe ﬂgtehgwtmg qn e limer aeedur ed i n
pl ace |1 net, 21 BHeRRel 88508 aRGe A i he, LOVEREBGLS oFhRNN,

et
Cross-sec construc ar conventi on

l'i ner 511,tolplcﬁvehﬂﬁhm§e&) he Ilhél%rltislﬂhubcaﬁltm%ﬁshﬂg pibelaie. i nt egral inner
I nperneabl e | ayer 22 that has a thin felt or resin inpregnable | ayer 23

bonded t feo®i]0. B& lhigBekndraliimétan Cieved] Vv dfifPleofeal] Bnprapeible2Aatessl been
sewn al ong abuttln Iongltudlnal edges to forma seam|ine 24 by a row of

stit ches 2% Bhdsede |65&amr& K and hpeay pe agiraley syfhetic Bexible mesin zlesorb@hleout er
felt |aygp at@ﬁ 1' §uc a§ q@ﬁ%}yﬂc%@pr ﬁ}fléhef ot Enok%&{ ﬁ@és %gé’n ad Of 55% into a
Ina y, 'an o er

t ube by stiteh ayer |sposed
about outcarbdhe IAlteInaa]merZﬂw 1@6n pieoSRht &ﬁtqmlabmayi bag fearhl Empeﬂrrwabln dilind3h i nner

d qut b t t. the |
curi o et BREh EaRrab R dpier ald i 1RV abF oh THEIGE atens, AEVPERIER "Fas been
pul | ed | Podyprb®18%l 8 Wi peRAY] éuch-EE'g&yvﬁilyDBMBhE@% aSRYyRethhit 4s9BGFelCOSt at

the tinme of |nstaflat|on are avail t also allows for use of a heated

curing fligownsndee s Asy dam ebsawing,adbesivedoanding artflantechanding ar suiteiherase al |
the heated, %.%rﬂéﬁlﬁmﬁ%ér%&gg%r&bg %gér#:@eﬁcfjdilmﬂ% mifrblfid WREL B HONHARY ke to

provi de a sa
trenchless rehabilitation installations, the existing pipeline is prepared by cleaning and

15  videotaping.

{0037]  Referring now to FIG. 2, a cured in place liner 21 pre}ﬁared 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 integral inner
impermeable layer 22 that has a thin felt or resin impregnable layer 23 bonded thereto.

20  Inner felt layer 23 with impermeable layer 22 has been sewn along abutting longitudinal
edges to form a seam line 24 by a row of stitches 26 and sealed with a tape 27 applied
over stitches 26. An outer felt layer 28 is wrapped about inner thin felt layer 23 and
formed into a tube by stitches 29. Finally, an outer layer or wrapping 31 is disposed
about outer felt layer 28.

25 [0038] By providing a liner having both inner and outer impermeable layers, it is not
necessary to evert the liner during installation or evert an inflation bladder after the liner
has been pulled into the existing conduit. Thus, significant saving in labor cost at the
time of installation are available. It also allows for use of a heated curing fluid such as
steam to inflate and cure the resin. In such case all the heated fluids are introduced into

30  the liner below ground level to provide a safer work environment.
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10 [0039] Felt layers 23 and 28 may be inpregnated in the usual nmanner
using vacuum Alternatively, felt layers 23 and 28 are first inpregnated
with resin and then an outer inperneable wapping 31 is applied. This
avoids the difficulty with inpregnating a finished liner having felt

| ayers between an inner and outer inpregnable layer, In U S. 5 Patent No.
4,009, 063, Eric Wod proposed injecting resin in the felt layer using
needl es inserted into opposite sides of a flattened constructed |iner.
This operation requires cutting and patching needle holes in the outer
coating. The vacuum i npregnation process taught in U S. Patent No.

4,366, 012 Idnt be it l.e un] ess the vacu mls drawn on both sides
as the |rmv$) coat§ ’h]@y?rg gargi’@?y JP‘?)“?@%‘W"@I’B 7 HeUR! MPHRT YRER AP HHRY  and

outer 10 gaabhidgly, @it Qﬁﬁ?sr 23‘ an@\a(srege Qﬁsttﬁﬁp%é‘gnhﬁﬁrﬁﬂﬂ@éshp Bn&i 'ttfeh' :ﬁl%ﬁtéres
liner 21 is manufiacturéd fromendless rol'ls of flat coated d plain felt
and cont i impsustapld wpaeiead bds ppplead. t Shisagypldscthe idofficalty cmtbermwawnggt 31.

R e e e e TR T YIS

are f @ meRatenitNo. t4009506BYESE IWadil propesed igectingresig in tHeSfeRMNyyepfusinp@eedles
conventional ly known nethods for formng felt or other resin_inpregnable

mat eri al PHEEd: B PRSIt gideaifer ﬂa&?neéx%ﬂ%wte@ lipes dai peerfifingsdU B use of
vari ous ‘{.tlﬁ&g @cgl,lﬂ.%sd l'ied
to inner f ?a er fﬁgﬁ@%ﬁ\gh{leﬁﬁrﬁgg bmg;l;g?a%'{,%@% pp ??ﬁ%égabg
adhesi ve tsuglitpn tbSctHatmtt Ng» a36@9b2 Wtoﬂldpmt persuiiable urdtse theavacunm i davnfansi ng

t he tape Jn, or o seal ebuté ges. oﬁthe fﬁ‘} nﬁterialé? 20the
hol es. f or Hat S 75 el“E%‘“vxSf"ﬁ 1% et 2FY6 f‘?f’Hh PV R e NG “hBR™t ' FET 3

met hog f ofoatifft TN YRS kY of @O Shele |11ﬁ gﬁa@ﬁ &fficubrs, 1afer Re Sk mamﬁﬁe@miabl e
material with a sealed inner |ayer o n'E)ermeabI e material is shown. A

rol | of cliemepdiess rolseofHg; %@teénar@nahaﬁsietl Enlgentignoyssy ﬂmBI‘Png?%PBPF to
i nper nea r Q’Mﬁ
roller bi hl:??/% oﬁglﬁt?nlbw t fy og ﬁg&%ﬁipltham ?\%’ (rmcl) ﬂltﬁgt}%wﬁ{
t ube- for rTFKﬁS demi Gaestilting iD@4DEr d&mmsirmdngﬁ]@w ce 41 i ncI udes a tubul ar
support frame 42 having a proxi nal
[0040] = While felt layers 23 and 28 are formed into tubes by stitching and/or taping,

15 any of the conventionally known methods for forming felt or other resin impregunable
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 felt layer 23 and
mner impermeable layer 22 by applying an adhesive sirip, extruding a layer of polymeric
material, or heat fusing the tape in order to seal the butted edges of the felt material and

20  the holes formed during a sewing operation.

[0041]  Referring now to FIG. 3, a method for continuousty forming a length of a tube
of resin impregnable material with a sealed inner layer of impermeable material is shown.
A 1oll of coated felt 36 having an endless length of felt 37 with an impermeable layer 38
bonded to one surface is fed over a directional roler 39 in flat form with coated side

25  facing roller 39 to a tube-forming device 41.

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

30  direction of an arrow A to the proximal end of tube forming device 41 where it is
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end 42a and a distal end 42b and a filmdeforner 40. A seam ng device 43

that nmay be a sew ng and taping machi ne, gluing nmachi ne or flanme bondi ng
apparatus is nounted above support frame 42. Felt 37 with inperneable

| ayer 38 facing roller 39 is fed in the 30 direction of an arrow A to the
proxi mal end of tube form ng device 41 where it is 11 ...........

defl ected by deflector 40 and w apped around support frane 42 and seaned

into a tube 44 along a seamline 46 with felt 37 on the inside and

I npermeabl e | ayer 38 on the outsidé. Tube 44 then passes a taping device
47 where a tape 48 is placed over seamline 46 to form an inperneable

coated ta 5. .5 0 ped tu er 45 the cont i nues
to travel Bﬁfﬁje(ﬂ?éq{yuﬁm egor éﬁﬁﬂg "frgl? én% W%S“PBO%% ‘@EF&SWG {’? he

di stal ends42H0f s@PPaE U6l waneert 37 JARRINEUD AnAIBIREIM&BI By ertir@@nem@rted
into tubular support frame 42 so that inpernmeable [ayer 38 |s now on the

i nsi de of oplgide. 4gbud4 thenipasses @W@/\#ﬂﬂwdﬁlwhﬁée ptapei4%es plaped avea seAm linbul ar
support f | row B. At this point everted
P L R p

tube 45 h Cross- sectlonln Fl G 4W|th

el abﬁfﬁ’éé?ye&?ﬁ%ﬁ@%&{' Hinehas ﬁ%ﬂ%@@?g ¢l Bk Bt el ° o,

the addit tooan inferemeingruonDiR ditall endfigh bf beperiSramiddie F@edsuﬁefm&nsdr%eﬁl for
further use, wapped wifh an outer inperneable coating, or may be passed

directly P@naw?%@. to fubpieg SHRROTOHAEE &Y S&sthétwm‘?ﬂé?ﬁbﬂfl Byes3his laﬁw 8 te nal
Wf app' ng. m?sga %%1 4FLGit zévsh! ﬁl&ﬁ%hé P'zﬁ RIS V&B}%?t fimé@
e re, Ir

pply 51 o tube 4 ube Inarro ection C
by or thr éZlgh)ng aplanerd&imedl]vlylmramé} edt |ﬂu$ Ipmmg evertﬁdltabs4521as nﬂeostamtlm@en top

resin ed to re ermned | evel abl e er

resin (g H@S{%%F%Fhﬂofsﬁsﬁf:ﬁﬁlﬁ %WﬁgflnB?ﬂmfﬂ?}Bﬁg 3§‘ﬂ5‘§ e&@ldﬁa‘%@@}% ”%it ween
a first andifegesRPd7 58 theOSutGIPTER50Rer] QInkiBHSs 8Gadldn He ARG b T 1 st
directional roller 20 58 to turn tube 45 in a horizontal direction and a

second di Pex fesadities of ere ety rlgndel lapers. (lybe 47 dy thee sloredh foe&ithshusea soni ¢
wave genegat o] Ghmay Qfet ihhdraRfbl boulifd & nfll b 388k 1diRRBiy to a resin

impregnation step as shown on FIG. 5 prior to final wrapping,

15 [0044]  FIG. 5 illustrates in schematic impregnation of a supply 51 of taped tube 45.
Here, tube 45 is pulled in arrow direction C by or through a pair of rubber covered pulling
rollers 52 into an open top resin tank 53 filled to a predetermined level with a curable
thermoset resin 54 to form an impregnated or wet out tube 55. Tube 45 passes between a
first and second set of compression rollers 56 and 57 and around a first directional roller

20 58 to turn tube 45 in a horizontal direction and a second directional roller 59 to turn tube
to a vertical direction. A sonic wave generator 61 may be utilized in lieu of or in addition
to second compression rollers 57. Sonic wave generator 61 improves the impregnation of
resin 54 into felt layer 37 of tube 45 as it passes through resin tank 53. After changing
direction about second directional roller 59, impregnated tube 55 passes between a pair of

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

wrapping and sealing station 63.

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

30 impermeable outer wrapping 69 with an edge seal 71 as it exits film edge sealer 67 as
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to second conpression rollers 57. Sonic wave generator 61 inproves the

i npregnation of resin 54 into felt layer 37 of tube 45 as it passes
through resin tank 53. After changing direction about second directional
roller 59, inpregnated tube 55 passes between a pair of 25 pneumatic
calibration rollers 62. At this tine, tube 55 then enters through a film

wr appi ng and sealing station 63. [0045] Wapping and sealing station 63
includes a roll 64 of a resin inperneable film material 66 that is wapped
about noving inpregnated tube 55 as it passes into a film edge seal er
device 67. Resin inpregnated tube 55 is now a wapped tube 68 having an 30

i rrpermeab e t I f edge
sonl er - 67ngut 14 ShoskSaR8l 18 FiG. ¥ eBPaf e EiEpuli B aohaifet il vhliRee

pul | ed bwoﬂerpaﬁzr aref fdd splahg pul drtovg D melshews il FIand fed rafiipemgtantrack 6w D as
shown in FIG 5 to a refrlgerated truck for shipnent to an installation
site. [Ochgymepf g angnptallationsges. sectional vi ew of edge seal i ng device 63
showing film66 5 formed into a seal ed tube 69 o nper.neabl e fi 66 with

a seal ed [8048 71FIG GownA cropgsectional VAo (05 £48% & Iiﬂérflfl"lc@l@mfwl?%gh’fl i shed
wr apped Hﬁ%ﬁgﬁovu {diedirhiY Erh QYR 6D b BlAEH @lgeiziner | mper meabl e

| ayer 38 theret o and out Wr appl ng ) not in connection with

| I ner g[bon o Flga reF PEY DRI i3 tBE'eﬁn1E1‘?e>&e(mgi;pe{1ﬁt§bQ 1663”%&19”6‘“ e

dependi n er or engl neering requirenents
i nst al | atitpregnpble48er GﬁmdaﬁteglfaEuﬁmtra;bdm]ba‘tdmleezet 88 bongudethortocahd abe 68

h bl | bl 69
¢ aady o RHEEERT a e Ry CHEET YR DAl PP d TRECHBE FRFCh st Rod | s
fully desgydrRedesiinkreinabrl 88feniiag oft tHDGaRBRr of HRikRRhE MedfireRntdf gl ar e

i ncor porated herein by reference. In the case of Installation by the

pul | -i0n ZzBstalledionnf| ate nethod, a separate eversion bl adder is not necessary
to inflate the liner due to the presence of integral inner inpermeable

| ayer 38.[08§8]pr opese siehedystdhtion siatismregnetefidnbe HBtheymglinharrimpeimisbleneabl e

layer 38’Iayerc.’>|§ A o%?er gl%){eagfé WI‘alpglgltlg %bl1s Peal (ilor 1%stapgtlo%abn tl?lg 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-

15  and-inflate method, a separate eversion bladder is not necessary to inflate the liner due to

the presence of integral inner impermeable layer 38. By proper selection of materials for

integral inner impermeable layer 38, such as polypropylene, inflation and curing can be

done with steam introduced into the liner 68 once in position in the existing conduit.

[0049]  The processes and apparatuses described herein provide a convenient means to
20 prepare a cured in place liner having an inner impermeable layer and an outer
impermeable film. A tube forming and eversion apparatus as illustrated in FIG. 3 readily
provides a method to prepare the inner portion of the finished tube with a sealed
impermeable layer on the inside of the tube and an outer felt or resin impregnable layer.

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

25 [0050]  The tube prepared in accordance with the process described in connection with
FIG. 3 is then readily impregnated in an open top resin tank and wrapped with an
impermeable wrapping as described in commection with the apparatus shown in FIG. 5.
Use of an open resin tank and compression rollers avoids the need to impregnate utilizing

high pressure techniques which are cumbersome to use in view of the desire to
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done wth steamintroduced into the liner 68 once in position in the
existing conduit. [0049] The processes and apparatuses described herein
provi de a conveni ent nmeans to 20 prepare a cured in place |liner having an

i nner inperneable |ayer and an outer inperneable film A tube form ng and
eversion apparatus as illustrated in FIG 3 readily provides a nethod to
prepare the inner portion of the finished tube with a sealed inperneable

| ayer on the inside of the tube and an outer felt or resin inpregnable

| ayer. Additional |ayers of uncoated felt may be w apped about the forned
inner tube if desired. 25 [0050] The tube prepared in accordance wth the
process d i£QN: W t hen. readi | npre nated in
an open t %% r'e %%‘%ﬂ 111[ gﬁ angﬁ%/vrﬁe%glggd Ah f{altﬁely’ lfl t%e Wﬁ’éﬁl WW%&’J‘? g

descr i bed ippreguminacthe tnerwiah fbe t\xreeoﬂqdparaamu:ﬁ usﬂhe\N@udl Rnanh 2 as@mted%@v@f an open
resin tank and conpression rollers avoids the need to inpregnate utilizing

hi gh pr esiQﬂSé] t edtwillfresboteien thad (e dhisrtiees B db6ve) Sfhoh tﬁﬁs@?ﬁ‘za@é aﬂqﬂ@en esire
a .contj nuous fashion. Alternatlve if the'liner is

t 13 t
w(r) appedI pfi O%Ir aé’%iplg(i{f‘% desChBry 5k ?trgﬁlen@%éﬁqm‘ﬂe@ds atﬁcq)@erm chsngesbyay beuum i n
{he usSial mamanengmanal & BOR foces RTH it blod BUB,DR B NANL0C
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5 1. A method of continuously preparing a length of a cured in place |iner
having an integral inner inperneable |ayer and at | east one outer |ayer of
resin inpregnable material, conprising: providing a length of a resin

i npregnabl e materi al having an inperneable |ayer bonded to one surface; 10
feeding the length of resin inpregnable material in a first direction and
forming the length of material into ¢ubmwhg@r form having the inperneable

| ayer on the outside; joining the |ongitudinal edges of the | ength of
resin inpregnable material together to forma tubular nenber; 15 sealing

t he joined“ﬁﬂ¥gg$¢9%ﬁﬁgﬂggges of the tubular nenber; everting the tubular

menber into’l ond opposite direction so that the outer |ayer
is the resin inpregnable material; and continuously renoving the tubul ar
menber with the integral inpernmeable |ayer on the inside. 20 2. The nethod
of clai®m 11- i nch westhey eheondinupushy prepamrg alilengthaoby pwied v blage dinprshaving atl | v

pl anar i bl; il jn el le fil bout the.tubul ar
menber ; gﬁgfeggagl ilngefrt H[eﬂpfﬁﬂrééea}%?réea Eelhf ﬁ%p?!{l{rge%a} t%rLeUI gﬂft%{/vr aﬁ’ﬁf nﬁfaﬁ%stﬁ t he
first tubulmpregndblemeatdréal, codapriBivg: net hod of claim 2, including the step of

i npregnating the tybul nmber before wapping with the inperneable film
30 4. The net hdﬁo‘ﬂam& %feﬁg“% of; aypesindimpgesnblednagniyrhaving ayimpameable Byeesi n
i npr egnablinfdd & ddlsufcdassi ng the tubul ar nenber through a resin bath to
impregnate the resin Inpregnable material with resin. 15

10 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;
15 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.
20
2. The method of claim 1, including the step of:
providing a supply of a substantially planar impermeable film;
placing the impermeable film about the tubular member; and
sealing the impermeable film into a tubular wrapping about the first tubular

25 member.

3. The method of claim 2, including the step of impregnating the tubular member

before wrapping with the impermeable film.
30 4 The method of claim 3, including the step of impregnating the resin

impregnable material by passing the tubular member through a resin bath to impregnate

the resin impregnable material with resin.
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5. The method of claim3, wherein the inperneable filmis fed in the sanme
direction as the inner tubular nenber exiting the resin bath to wap the
tubul ar nenber and seal the inperneable film 5 6. The method of claim 4,
including the steps of: providing a supply of a substantially planar
i nperneable film wapping the inpregnated tubular nenber with inner

| nper meabl £ | aype ikthbd bPSlairh Hg@ﬁ&%ﬁ%@irﬁf)érﬁﬁeaﬁ@q!ih%%?téidgﬂ tﬁlé(}%:trﬂ&ﬁﬁ%g{ri@@m €

filminto a tubular wapping about the resin Inpregna
nmenber. 7.25THe immenhdubwar snember lexiting tthee resim chathli tngwidpe tlst éysilaf mepibevi di ng

at least o itional length of resin inpregnable material; feeding the
addi ti onal&raggﬁgh%ﬁ%?%ﬁ%lﬁ?ghﬂmeri al about the tubular nenber 15 of

i npregnable material with the inperneable |ayer on the inside; and joining
the additional resin_ inpregnable material into a tube about the first

t ubul aP® nehber Themethpd of elpiar fdapluding dhestersoft he i nsi de. 8. The method of

claim?7, includj (ol a substantially
pl anar i nper ne%?gdﬁéf’ﬁ%mé%SﬁgSt?rﬁfeg‘hb’g’%%ﬂgéﬁnﬁ%’%%@ie\%5% i nner i nperneabl e
| ayer with the wiappiagnissisheegdriated tubuler meabemgith hevel imesrmeatlt &ykt Withithé 0 a

t ubul ar wr.appin bout the resin inpregnable tubular nenber. 25 9. The
nmet hod of lgﬁ’ﬁm‘%’@ﬁ? 1G04 ng the step of inpregnating the tubular nenber

bef ore wr appi ng;emiﬂélfhé iﬁ}ﬁﬂg&rﬁﬁ%lﬁ?ﬂﬁ' 'Llﬁf}?fei ﬂuﬂhla}@ra}%?%gﬁgrfeﬁg r%n %@%ﬂe by

including the step o regnating e resin i
passi ri§ t Hebulaouembermenber through a resin bath to inpregnate the resin
i npregnable material with resin.
7. The method of claim 1, further including the steps of:
providing at least one additional length of resin impregnable material;
feeding the additional resin impregnable material about the tubular member
15 of impregnable material with the impermeable layer on the inside; and
joining the additional resin impregnable material into a tube about the first

tubular member with the impermeable layer on the inside.

8. The method of claim 7, including the steps of:
20 providing a supply of a substantially planar impermeable film;
wrapping the tubular member with inner impermeable layer with the
impermeable film; and
sealing the impermeable film into a tubular wrapping about the resin impregnable
tubular member.
25
9. The method of claim 8, including the step of impregnating the tubular

member before wrapping with the impermeable film.,
10.  The method of claim 9, including the step of impregnating the resin impregnable

30 material by passing the tubular member through a resin bath to impregnate the resin

impregnable material with resin.
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16 11. The nethod of claim8, wherein the inperneable filmis fed in the
sane direction as the inner tubular nenber exiting the resin bath to wap
t he tubul ar nmenber and seal the inperneable film 5 12. The net hod of
claim 10, wherein the inperneable filmis fed in the sane direction as the
i nner tubular nenber existing the resin bath to wap the inpregnated

tubul ar menber BRdngild bhRUiMPS! WRRIS the lilpetieabltN a1 BANRE & uf 8l 2,
wherein the outer inpernmeable filmi s sealed by heat and 10 pressure with
an edge sehfestion agtheTareriubigonenben exitingSthewksin dith to veap theetubilaperembeabl e

filmis seal ressure with an edge sealer. 15 15. The net hod
S e e B

of claim er inperneable filmis sealed by heat and
pressure with an edge sealer. 16. The nethod of claim11, wherein the first
| ength of resin_inpregnable material is fornmed into a tubul ar nenber by

stitchPng ¥he |Bifgmeliidnal cloipeld, oFharpie thesimperpeatlmifmgisafideimtheesan  and
I mper mabl(ﬁre'cﬁ%? bs tﬂe7inng_1hﬁlbpﬁ} badhd e&k?ﬂelg]ﬁ%&? res%ﬁé e v&?ﬁ éﬁ% %rhéljigg%&%{]gl

seal ed by applying a tape o i npernea erial over
edges. 25 tibular member and seal the impermeable film.

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

10  pressure with an edge scaler.

14.  The method of claim J, wherein the outer impermeable film is sealed by heat and

pressure with an edge sealer.

15 15.  The method of claim 11, wherein the outer impermeable film is sealed by heat

and pressure with an edge sealer,
16.  The method of claim 1, wherein the first length of resin impregnable material is
formed into a tubular member by stitching the longitudinal edges of the resin

20  impregnable material and impermeable layer.

17. The method of claim 16, wherein the stitches are sealed by applying a tape of

impermeable material over the longitudinal edges.

25
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