| NSTALLATI ON OF CURED I N PLACE LINER W TH I NNER | MPERVEABLE LAYER AND
APPARATUS BACKGROUND OF THE I NVENTION 5 [0001] This invention relates to
trenchl ess rehabilitation of existing conduits and pipelines, and nore
particularly to installation of cured in place |liners having an inner ‘
i npermeabl e layer by pulling in and inflating. [0002] It is generally well
known that existing conduits and pipelines, particularly underground

pi pes, such as sanitary sewer pipes, storm sewer pipes, water |ines and gas
10 lines that are enployed for conducting fluids frequently require repair
due to fluid | eakage. The | eakage nmay be inward fromthe environment into
the ipterior or conducting portion of the pipelines. Aternatively, the

| eakage may be outward fromthe conducting portion of the pipeline into

t he surrounding environment. In either case of infiltration or ‘
exfultration, it is mESTAthETOU(EQGUBEpﬁﬁgﬂgX?@IéNEReakage. 15 [0003] The
| eakage in the eXWIH NNEBAMARRMENBDE LAMER dNDAPBERATV RSt al | ation of the
origi nal pipeline, or de tself due to normal aging,
or the effects of conv : yg e heastve material. Cracks at, or;
near pipe joints may be due to environment conditjions.such.as earthquakes,
or the miREhent T8 TEPHion EIHE! QorgRh R VEIHERY SHrtECRRIB & |'ar

natural  gf,eiRe- /B Gor¥ fik@ulPRSo iRl ALRE6T SUED i fldeeErer?RavRggal thess of the
cause, such | eakages are _undésirable and may result in waste of the fluid
bei ng coimeeyaerblgleysr yPHBnginpald Batingr result in damage to the surroundi ng
envi ronnment and possi bl e creation of dangerous public health hazards. |f
the | eak82] colitis aerealist welmpwadhat gxsting coriile pAPIRGI¥SOPITPHETEXI sti ng
condui t d r%/r&ﬂd%s?guci% |52, 206, sedieHBipsd RROK tse REr ﬁi%@, GRBAlds .and gad 0004]
Because of ever increasing | abdr and nachinery costs, it is increasingly
mor e 10di fibésctint amrrnpleyed dyorrodical Twdy EpatentlyHemrrgr oMt Ips pedlust portions
that - may g, el fkca iGN Hond 616 oRAoRRERIBIRERRNG: dreBhakiy the pi pe
with a new ohe. As a“tesult, various nethods have been devised for the in
pl ace r epaition of the pipebinks. t Altdroatively, txilekigsgnaypbpeitivaddronThe sendieingret hods
avoi d the expepse and hazards assogl at ] | ggi ks cing the
pi pe or 5?%@935 eflﬁgpegéoﬁgfwngglnﬁ%mggaﬁ%%?cg%%gﬁﬁ%ﬁﬁggﬁﬁgﬁggﬁ%ﬁ t he

) exfultration, it is desirable to avoid this type of leakage.
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15 [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
environment conditions such as earthquakes, or the movement of laige vehicles on the
overhead surface, or similar natural or man-made vibrations, or other such causes.

Jo20 Regardless of the cause, such leakages are undesirable and may result in waste of the
fluid being conveyed within the pipeline, or result in damage to the surrounding
environment and possible creation of dangerous public health hazards. If the leakage
continues it can lead to structural failure of the existing conduit due to loss of soil and

side support of the conduit.

25 [0004] Because of ever increasing labor and machinery costs, it is increasingly i_nore
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. Asa result,
various methods have been devised for the in place repair or rehabilitation of existing

pipelines. These new methods avoid the expense and hazards associated with digging up



public during construction. One of the nost successful pipeline repair or
trenchless rehabilitation processes that is currently in wde use is
called the Insituformr) Process. The Insituform Process is described in
detail in U S Patents No. 4,009,063, No. 5 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 Insituform Process an el ongated fl exible
tubular liner of a felt fabric, foamor simlar resin inpregnable

material. with an outer inperneable coating that has been inpregnated with
a thernosetting curable resin is 10 installed wthin the existing pipeline.
In the nost widely practiced enbodi nent of that process, the liner is

i nst al | ed@rdifpPlarizg ﬁ*@e RIR° 8V BIPSSBiopT ge el asdhe gleaieanb awonynieRe tothe and 958
| nsi t uf obicPAERB! Brsrhullidd)© CRY YFThO ol QRESSHuI 8%%&' i85 WeRoRpR! ied to
the interior of "an everted liner presses it against and into engagenent
with the refhnlmbﬁat@uprroa@émdbattlhéurrtznﬁpem wide aps is lelledithie Fnstib 1@ £ra¢eshg t he
gt Ofmb MRRE! bACess TR Uh UMMROLES phyid st EROMACINE D DY,
pulling a resin i I'i'ner 1 nto the condu rope or cable and .
usi ngsa $&phPht end INsu el h3ﬁqﬁé8 rtha bdoatents fdfathiom alod aﬁidmormattdjbereulh@v is :
everted %thln the liner to cause the liner to cure against the inner wall
of the exi S?I ng pi peline. Such resi n i npr egnat ed I | ners are generally -
refeerred S g r 5Cl PP |

i nstall al[do(a5 i sh]?dé %fgl}dgr Ichaﬂ Q&F @E’ |Sh“§ OgPIPécfcle%sn%ne 6%8%]%{%:0%“ fti onal
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pull -in-and-inflate Cl al l ati ons ha out er. snoo | ayer of

i PR & R L U b e A A e B e g B R

i nitital &isﬂtlﬁj withi@ tuéedting agdling &l theWhstwideBSpricticed Babddfnegifah/d into the
i nner | ayer ?SI n lnghg%nglgzle material, such as felt. \Wen everted,

this inp W&btpé Py s gAY TSI RSHTBRESH S AeseTibsdra the Al ae resin 25

i mpr egnat®y thayRimag@hRSkh thé evepddd prdfesd, h&liﬁ&éﬁdr@&)p@ﬂe@@ hOfieAs dthe
flexible liner is ‘installed in place within th ep peline, the pipeline is
pressuri #REVEed G PIFSS ihreinst ans] jio grgasemem gvitinthe vianes jseifcp of Be such as
wat er or p@klinel 8 tﬁ@ﬁ&? uaoﬁislam%rthé Rl Iowheofu%emdlme iRinBHIRAS ce@d conform
tothelnterlor surface of the exis line. Cure o eresinis

i ni tilat edseyrapived by peliinga resin megoopd hgel ﬁnto thg, cosduittbyasroprerenblannd t he
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evertlng I 1 her. he re I npr egnat e
liner to cause the liner to cure agamst the inner wall of the existing pipeline. Such resin

mmpregnated liners are generally referred to as "cured-in-place-pipes” or "CIPP liners"

and the installation is referred to a2 CIPP installation.

20 [0006]  Conventional cured in place flexible tubular liners for both the eversion and
pull-in-and-inflate CIPP installations have an outer smooth 1aye1 of relatively flexible,
substantially impermeable polymer coating in its initial state The outer coating allows a -
resin to be impregnated into the inner layer of resin impregnable material, such as felt.
When everted, this impermeable layer ends up on the inside of the liner with the resin

25  impregnated layer against the wall of the existing pipeline. As the flexible liner is
mstalled m place within the pipeline, the pipeline is pressurized from within, preferably
utilizing an eversion fluid, such as water or air to force the liner radially outwardly to
engage and conform to the tnterior surface of the existing pipeline. Cure of the Tesin is
initiated by introduction of hot curing fluid, such as water into the everted liner through a

30 recirculation hose attached to the end of the everting liner. The resin impregnated into the



Z inpregnable material then cures to forma hard, tight fitting rigid pipe
lining within the existing pipeline. The new liner effectively seals any
cracks and repairs any pipe section or pipe joint deterioration in order
to prevent further |eakage either into or out of the existing pipeline.
The cured resin also serves to strengthen the existing pipeline wall so 5
as to provide added structural support for the surroundi ng envi+onnment.

[ 0007] When tubular cured in place liners are installed by the
pull-in-and-inflate nethod, the liner is inpregnated with resin in the
same manner as in the eversion process and pulled into and positioned
within the existing pipeline in a collapsed state- In a  typical

i nst al | atimpregnablejmatatialihen ¢urds| taforom prpetight fdmadigd Pralinpg Wikie fBsow at t he
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an everting IS passe rou tube, open up and cuffed .
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|nto t he col.l aps d I| e condU|t
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|anatﬁonmb&ﬁﬂdﬂta&ﬁﬂgﬁMﬁﬁﬂmm@dwﬂmﬁhswmwmmagamamﬁmmt|s then fed into theé
downt ube and 15 the water pressure causes the inflation bladder to push out
of the hojidFHnt quouubtidan catd tihlacellibew aamckxs&ﬂiads dytthe pukbhrl a@sadlaltﬂ ner to

expand a urface of the existin cond The eversion

Itgc‘t fie Ilnt errlf:or S e Sarme g t QCESS :
of the in ? % 81 BrEl g e @B e it T T%émﬂpgﬁﬁ ?1$§¥5ﬂg§p5 &> ext ends
into tge ha sied ﬁﬁtﬁmﬁmmuﬂiz@e@ﬁmmgpmadxfaﬁﬁfg@cml inta ctﬂlhpsteglls&tetl ma zf Ihe li ner.
resse ainst the interior ace _of the_ ex ng condui is allowto
bt e. P8 Bt it atoud by P08 e PTG ‘%’f’é’f“g&%ﬁ 2OVt r oduced
into we ndfit positneP BB dxibtiit GRnhdI6r SRR peﬁ.nah@rana@uehﬁg DRIk gl ation -
line tied to the end of the everting bladder to cause the reS|n in the

i mpr egnat RAESef afepgh dhe dpantupg owepedare endt féled derkh ovel trempithept it es, the

inflati onplagdennRbraf éilﬁﬂpé’n%%&ﬁed i?lftct the IchlpbAARel. MiNBNHE&Ginki Ner. Both
the pull-in and’inflate method as well as the eversion 25 method typically

require ﬁﬁﬁﬂaﬁ@é§§wmbam@§¢Fﬂb@ﬁﬂmﬁ@ﬁﬁbﬁ@f@pﬁ@@ﬂﬁhwéﬁwﬁﬁﬁﬂb@&%93¢Bﬁs during
the procegs fnﬂggén BXEP! £n em&%ﬁﬁ §§clﬁ z% WRGYE R fLinRRELAS G it t?]%‘(c?r ting

| i ner or er to the end ow ahd insert it in e col | apsed
| i ner 15[ 0be9pteRergssnt| consss tie ubwion hleddey frepush guttad thechoiipmita ppide spfdle abl e

t her moset élﬁ&gax{dec%h& tiuas collapsed liner to expand against the interior surface of the existing
conduit. The eversion of the inflation biadder continues unfil the bladder reaches and
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

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

the resin in the impregnated layer to cure.

[0008]  After the resin in the liner cures, the inflation bladder may be removed or left
i place in the cured liner. Both the pull-in and inflate method as well as the eversion
25 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.

f0009]  Regardless of how the liner is to be instalied a curable thermosetting resin is
impregnated into the resin absorbent layers of a liner by a process referred to as "wet out."

30 The wet-out process generally involves injecting resin into resin absorbent layers through
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i npregnated into the resin absorbent layers of a liner by a process
referred to as "wet out."” 30 The wet-out process generally involves
injecting resin into resin absorbent |layers through 3 an end or an openi ng
formed in the outer inpernmeable film drawing a vacuum and passing the

i npregnated liner through nip rollers as is well known in the lining art. A
w de variety of resins may be used, such as polyester, vinyl esters, epoxy
resins and the 1like, which may be nodified as desired. It is preferable to
utilize a resin which is 5 relatively stable at roomtenperature, but which
cures readily when heated wth air, steam or hot water, or subjected to :
appropriate radiation, such as ultra-violet |ight, [0010] One sych
procedura ¢nsy omen wpengngofprmed i heroulsy PRETGHRY AEPeYAUIEh VIYUBFEEcr i bed in

| nsi t uf - ] il oRalin RS ikinhex. &nd out er

i nper rreg%aggerﬁ# g‘felrﬁg)?e%%tgmﬁ%ﬁ@?% g%égllﬂgge@u%dp%ed fl atlﬂgnd slits forned
on opposwide viQetyiod essingfmay fhe updda suchme dolyesier ViBy ¢SEBs FI9XY KiSBE #BYMSnd on bot h
si des as,.,descri.bed_in t ' 063 ent ; r t f.ar tting out -
at the. tsliﬂ?‘?é Yo Chl Ir?éli[alfle I%&cﬁ%erﬁl %ﬁqs@@%%ﬁsn@@fgfaﬁl\%ggﬁgﬁ%tﬁ ljtdﬁlévfa{l?;/\{lgi ng end of
t he |35 nefklatiselg habie at rokd tSnpdRatrestut Nbich4pe8RadiB2owheT heated with aintstgamf each of -
these patents are inco rated .herej.n. hy reference. | Q011] Recent efforts
have beeff 3@3{’6”??@3 °¥e§?? ?‘P@m@fﬁiﬁe-r?drllﬂgﬁtfufhn Slug é\(ﬁgnl&lé%g to 15 utilize air
to evert | adder into t |led--in liner fr 0ox] CeSS point as
descri be@a?‘ﬂ u. g‘.m ﬁ%?@‘eﬁﬁoc%ep&%@@?@%é) ugﬁdﬁlgﬁpq%%y ?%'n%ﬁd%%n fﬂgoglt gon No.

2003/ 001&24TbedAh Inditaradns ettt 0fo. W366,012ar Whemthe hiper et égheh emdeouterby
reference. \Wen the everti .bl adder reaches, t he,di stal. access, point,
steam | SIWH?FF??&EFCQWIT“ rﬁ“’ot“%"ﬂgr 110 e S Eﬁ%@ glaﬁﬂlansélg tt%gn?dn?n[ PPE®cure of the
resi fig i "RARWTAHE attdnbOlihdi@nd @&inNinjeoRa @gmabben Iskiyets dékhitedpn aeed® 20 of fers
t he advantage of faster cure due to the increased _enerqgy.carried-by the

st eam asPated.  4ugthes grpaalisg for prsfiEgerut & e W%Egglé‘tag"l‘tfqnl ‘Ed%?‘?”é‘g 4%version of
a bl addeg,din0ut € uRithk @dd 0P thel FRE 69 RRIAHin! 1113 PatehiORd.2,1 8 J60r t'Bhet 0 avoi d
this step. of everting the bladder into the pulled-in liner include

per f or mi eRptetreofopdy ofitense Batens sb BperPgrabdhecinhyefgenifpl e, in U.S. Patent No.
6,270,289, 25 the process includes everting a calibratjon hose into a
flat-1yi B9 ni Recenoefiorisiwye besroande for meditt §e pubim agd f%tewaefgoda?senm y into
the exisfing FPRAMt 2 Duer RABGRS PulOdfhet B8m a proximal access point as

described in U.S. Patent No. 6,539,979 and application publication No. 2003/0015247

Al, the contenis of which are incorporated herein by reference. When the éverting
bladder reaches the distal access point, steam is infroduced into the proximal access point
to initiate cure of the resin impregnated into the resin impregnable layer. This process
) 20 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; ~

[0012]  Efforts to avoid this step of everting the bladder into the pulled-in liner mclude
performing the eversion step above ground. For example, in U.S. Patent No. 6,270,289,
25  the process includes everting 2 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 mto the length of lining that can be laid out

above ground prior to pulling-in.



eversi on bel ow grade, but is severely limted into the |length of Iining
that can be laid out above ground prior to pulling-in. 4 [0013] A further
suggestion to avoid this eversion is to manufacture a |iner having an

i nner coating and an outer coating so that a curing fluid can be introduced
directly into a pulled-in |liner. The disadvantages here involves the
difficulty faced when trying to inpregnate the resin inpregnable material
di sposed between the inner and outer 5 inperneable coatings. The outer ,
coating remains essential for handling the inpregnated Iliner and to all ow
the liner to be pulled into the existing conduit and the inner coating is;

desired to all for curing with the steam [0014] hbtmﬁthst?ndln t he
modi fi catl®MAs t & Beskas suggestiondp ayh husfycTsion fis foAndgpigetngry lpeg ha hl ess

rehabi | 1 ol Q&UH%BM%M%H] g%@%@%&@rﬁﬂ SRk ki8R diRetly BB re an
ever si on romthe increased costs associated with thls

Accor di ng:pUed—mt lines désidisathiantages b@t@vméfea theediffarylty flaced eviicn | tegag to

rehabi |'i t | 6.4t FaRhe ®ot; Rd JMges st eam as
the curi trlllgl %&%ﬁ%q%on{sg]k%ggg%t&aﬁg e(%l ener gyﬁavai‘gI g%fire to Opr ovide an
i nst alsl atinpermeeild owtingsi dike iostes acfaang reﬁlasls esseaimdl fordpiglliog thegivpregnatednomi cal | y
than current rehabi itation h NMA% ﬁug [0015]
GEneraIIQ ?ﬁggﬁ?ﬁd?”hﬁlﬁgggr Hﬁépﬁﬁnzefﬂgijnven %E%Eﬁ%mkwg gﬁy

i nst al | atdesired (@il for cl@BigRviibite @ginat ed cured in place liner with an inner

i nperneabl e | ayer suitable for rehabilitation of existing pipelines .
utilizi ngO@lt@an%mxﬂﬂuamimglﬂae meslifivations po bath deckversion and pulbiremdedflgebodi ment |
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i npermeakted ang e@ffdr figmQhe fnclefled Thes hsdidledbOthine Mecordinglyl &lis deirhbipr egnat ed:
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The cured in place |lin i
with a tHRPISEERMHY E?Ur?m@é%{é‘f‘ﬂi’ﬂ}t%ﬂoflém Eﬁévqeééﬁfcwl%aftdﬁléaﬂg?ﬂﬁeg% ation site
i n.conti NY@usSessRRE b the cAvilbidill ROade AR aitSpel ST Hednbodl admigblt REprot-ideen 1S :
pulled-in to the existing conduit froma tupe feed receiving access to an

25 i nst alhsigagen gethad svhighys spfs fasie e 6eoes sthcimpesroppicHynErt PUIHil | ed-i n to
a fixed qighanaRn nlefiem. the installation access, the liner is cut fromthe
supply and a receiving canister is

15 SUMMARY OF THE INVENTION

[0015]  Generally speaking, in accordance with the invention, 2 method for installation
of a resin impregnated cured in place liner with an inner impermeable layer suitable for
rehabilitation of existing pipelines utilizing steam to cure the resin is provided. In a
preferred embodiment, the liner may have an integral inner impermeable layer and be
/ 20  wrapped with additional layers of resin absorbent material with an outer impermeable

_ coating or film. The resin absorbent material is impregnated with a t_hermoSetﬁng resin.

[0016]  The cured in place liner impregnated with a thermosetiing resin generally is
delivered to the installation site in continuous lengths. A pulling head is installed and the
imer 1s pulled-in to the existing condwit from a tube feed receiving access to an
25  installation access, the upstream access. When the liner is pulled-in fo a fixed distance
from the installation access, the liner is cut from the supply and a receiving canister is
inserted into the trailing end of the liner. The pull-in of the liner is continued until the |
Teceiving canister rests in the receiving access and the pull-in fitting is located within the

installation aceess.
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inserted into the trailing end of the liner. The pull-in of the liner is
continued until the receiving canister rests in the receiving access and

the pull-in fitting is located within the installation access. [0017]
Fluid connection is nade to the pull-in fitting. The liner is then expanded
with air and cured with | owpressure steamfed into the pull-in fitting.

The receiving canister includes a discharge port for condensate and an
exhaust manifold to control air, steamand air/steamm xture that flows
through the liner is positioned adjacent to the receiving 5 access. Once
cure is conplete, air is used to cool the liner. The ends are renoved and:

service is reinstated. The installation is conpleted with steamint r oduced
under gr oAt arfividiceineetiondnmede forfhapullia Sitge ot hel iBE dedben prpied wifhpo18g)
Accordin dubed W32 Rhmt 18 ik Whe Bl BNGkiRe PTRY IE&vABR chiigoved met hod
of cur e% %{nr(li-ép %c%lt}?%hwpa%ﬁ%ﬁeas%ifa%lnéa(g}dtd;% gti ngl‘éﬁel I nes. Vlg c[ 0019] Anot her
obj ect ofnchubkes ai disebavgé port fos canderpripand en eghaushippe (el toerguirg irnstedqupind: he

i nst al | at.i f . di | ' . it .10020] A
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i nst abl akdcod. @nca ot ieebnpletlaiicie ukddne coolithehlirgen The endsi ampenmredbial | ayer ,
suitable far use of  steamtq cure th Lner. 15 021] . Yet_ another object
of the i FYEFR PBIRmFEed, g-\?/‘f: H@tagﬁ“‘?“rﬁ r°8{5‘§1 ée?lne"‘? S8t Ll?ff’%% %I“f‘%etr%r SHbt 2 cjur ed
i n pl aceald Aigfmdl BB MionGdeR:fiuf@hcceds poismanhol e entry. [0022] Still ot her
obj ects and advantages of the invention will in part be obvious and w |

in part [e1BPPakepididdlRm it Beckipae flicd@ichin.to pAORE]an Teroval/mathbdof S
accordi ngly conprises_the sEver,aI SterPS and the relation of one or 20 nore
of ' such SFEHL-RireRHRLKECR Ot FIVEERPEF®the ot hers, the apparatuses enbodying
features_of ~ construction, conbinations and arrtangengnt . of rts that are -
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which are exenplified in the follow ng detail ed disclosure, and the scope
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THE DRAW N [0024] Faor. a fuller understandi n% Cff the i neiergti on, .reference
is had t 8sihaiopgt |adrweﬁdn place liner with an inner unpermeable layer suitable for use of

steam 1o cure the liner.

15 [0021]  Yet another object of the invention is provide an improved method of

installation of a cured in place liner involving minimal or no manhole entry.

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

in part be ap;ﬁarent from the specification.

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

R

20 .. more of such steps with respect to e_ach,o_f the others, the apparatuses embodying features of
consﬁucﬁon; éorﬁbinaﬁ'ons and arrangement of parts. that are adapted to effect such steps,
and the products that possess the characteristics, features, properties, and the relation of
components, which are exemplified i the following detailed disclosure, and the scope of the

invention will be indicated in the claims.

25 BRIEF DESCRIPTION OF THE DRAWINGS

[6024]  For a fuller understanding of the invention, reference is had to the following

description taken in connection with the accompanying drawing(s), in which:



description taken in connection with the acconpanying draw ng(s), in which:
6 [0025] FIG | is a perspective view of a length of a resin inpregnated
cured in place I|iner having an inner inperneable coating and outer

i npermeabl e wapping suitable for wuse in lining an existing pipeline in
accordance with the invention; [0026] FIG 2 is a schematic view of the
apparatus used for preparing the inner portion 5 of the liner having an
outer felt layer with an integral inner high tenperature polyneric |ayer
used in connection with preparation of the cured in place liner of FIG 1;
[0027] FIG 3 is a cross-sectional view show ng the structure of the |nner
tubul ar portion of the |liner produced by the apparatus of FIG 2, [0028] :
FIG 4 i$08SkchBitatliie amnrseetcéweaww f 8 Fragitriy adesie dnpregnsd sga it BJacet ower and

tube 105630010 4R Uthe O1ARRR A Sulc PRI G BPin M BBl it TEab) @

| ayer construc rranged I'n-accordance wth t vention; [0029]
FIG 5 i ssendinngsa saemngqmpahﬁe nheccediges \glélmherlm'lemthnhe t ube sealing and

wrappi ng apparatus taken along line 5-5 of FIG 4; [0030] FIG 6 is a ;
cr oss- sef@26hal Fid. 8vis afchetatid npy efha arevdraiuis mead for piopariog tigynneheortiols  appar at us

of FlG lofthL Pgegiglvmg&o@er et @emﬁ?m! hﬂmﬂnegiégénap%&ggggw%@rpp' ng of

t he tdbu regna an outer
coating h;edpna&smﬂgomhﬁhmparawhofthaemdmlptaoumwafﬂ@be stuffer having a ,
t ubul ar wrapping stored thereon [0032] FIG 8 is a cross-section of a Ilner
wrapped [302¢he Bjharias asssetctibhadbvic¥;sh@ding 00 3Bjcuft & th@inng tenlaepeiat i onal Vi ew

of the pu fitti th a st hread in accordance with the ;
i nvent i oﬂHh B’(’.‘félf?dﬁeg%y%ap%mé‘hsog?ﬁ/gtl onal view of a receiving canister, |
construc & ange h.the inventi 5] FIG 11
is acr oi&qgﬁctFonglmelsce\? ?Colﬁéa ev%t%: errawm%g\rﬁsgw ﬁeﬁ}ﬁl ntqﬁfar[d?ﬁgt of 25

pul 1i10g- bealing wrt mpmglap@nm@riat efblydny @douiter iplpaaeable fuger @ﬁsuml‘md trype
illustrated i in arefrigerated |iner supply vehicle from:a

Fl G
downst reéﬁ?"&fegl?l Qﬁ“ﬁﬁwﬁhﬁﬁgﬂvg‘@%’ an upstreamor installation manhole at
the star t[0035] t hlgId. r}slts aa'll (!rg'stslsgcrtllo ?ﬁl%se%ge sea{elr Qr? ther}ube sealing and wrapping :

apparatus faken along line 5-5 of FIG. 4;

[0030] FIG. 6 is a cross-sectional view of the impregnated liner prepared by the
15  apparatus of FIG. 4;

[0031] FIG. 7 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 fubular wrapping stored thereon
} [0032]  FIG. 8 is a cross-section of a liner wrapped by the apparatus of FIG. 7;

20 [0033] FIG. 9 is an elevational view of the pull-in fitting with a steam thread in

accordance with the mvention;

f0034]  FIG. 10 is an elevational view of a receiving canister, constructed and arranged in

accordance with the invention;

[0035] FIG. 11 is a cross-sectional elevational schematic view showing the start of
25 pulling-in of a resin impregnated cured in place liner of the type illustrated in FIG. 1 stored
in a refrigerated liner supply vehicle from a downstream or receiving manhole to an
upstream or installation manbole at the start of the installation process to line an

underground conduit i accordance with the invention;



under ground conduit in accordance with the invention; 7 [0036] FIG 12 is a
cross-sectional elevational schematic view of the coll apsed cured in place
liner of FIGS. 6 or 8 after a receiving canister is attached to the |iner
in accordance wth the invention; and [0037] FIG 13 is a cross-section

el evational schematic view of the liner just prior to 5 inflation and cure
in accordance with the invention. DESCRI PTI ON OF THE PREFERRED ENBCDINENTS
[0038] A resin inpregnated cured in place liner to be installed in
accordance with the invention has an internal inperneable lining so that .

it can be installed by the pull-in-and- inflate nmethod and inflated and
cured with a heated fluid without the use of a separately 10 installed

i nfl ati ofBtladd@F: rive resprestomat deraripnr pehgmetis vistherhs sabersie 8BPE™M ayer may
be _prepaEadukP bl KIUROHSH X ahft AESiRIch RSN bl Bk WB¥coRfnlaTPT egnat ed
as it is° assenb In view of the 1ncreased effort necessary to inpregnate
a fIatteWéhIthIelHW@rxthhaaﬂﬁng a resin absorbent material between an inner

i nperneabl e Iayer and an outer inperneable coating using convention vacuum
i npr egnatd93fl t RN b 6y craes-seétivn b aitprphschermticpaave pft the Snegousterior®, 289, In | ¢
any eyen 1.5 patent may be installed by the

nmet hog dfangcl%nb Sﬁg[}é&fﬁﬁ&%&o g%ﬁf\&@dﬁfﬁl | lustrates a flexible cured iii

pl ace liner 11 of the type utiIized in the nmethod of installation in
accordance with tlﬁﬁgﬁé ION QF THERREFHRRIED CHBIAMINES at | east one | ayer
of a fleﬁ]igb e resin |rrpre§tnabl mat eri al such as . a felt layer 12 in

tubul ar 987%h 205 Aeslh WY oL P%f%@rﬁwlqcr%rlféﬁfWﬁétr%%wc%@%mhth% | ayer 13.

Fel t | ayfkentidn B0 ihiefal ﬁifn%ﬁneaﬂl@ 1i8g 8 tmaftﬁaﬁﬁbahaa&d%ysmltlhaﬁd 14 to form
tubular |iner 11. A conpatible thernoplastic filmin a formof a tape or

ext r udednfaieangthagd and mfbatqél a8 ewrediwiibra hogied dubvidwet the asmefi 4 svparagly i n or der -
to engur fshig i'nﬁﬁﬁa'h@eﬁi*ah ' : r | 1 may

i ncl ude aﬁ out er__secon ﬁ t%regﬁlﬁed {lltéeg d’sl?ﬁ tc 1#&%%3;1% ésre lfellne t hat
woul d beprispased icorfatousty an ﬁmlmd lewpilisn tThe lingbemat h@nmplhalmtetmes liogsat i on of
seamlin |rﬁ-p§ ! ' th an
outer i n%é&%nqn%%cg v Ef ttlg lnExe%s?X ?ffor}%e a.ﬂletro i %re hft?aﬁtene 1R aqfln

| ongi t ud# reain qurbﬁnt ﬁ@tenﬂlme‘ewesm amnmetrmpesnesthlawyet andnmo roetedﬂmErMeable t he

Cross- Segoahngn ug&clg gonverr&mn vacuum impregnation technology as discussed in U.S. Patent

15 No. 6,270,289. In any event, a liner as described in this patent may be installed by the

method described herein.

[0039]  FIG. 1 illustrates a flexible cured in place Liner 11 of the type utilized in the
method of installation in accordance with the invention. Liner 11 is formed from at least

one layer of a flexible resin impregnable material, such as a felt layer 12 in tubular form

20  having an integral inner impermeable polymer film layer 13. Felt layer 12 and film layer
13 are stitched aiong a seam line 14 to form tubular liner 11. 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 the inferior of liner 11. Liner 11 may include an

outer second felt layer also stitched along a seam line that would be positioned at a point

25 in the tube other than the location of seam line 14 in inner felt layer 12. Liner 11 is then
wrapped with an outer impermeable wrapping 17 formed into a tube with a heat sealed

longttudinal joint 18. This structure is shown in more detail in the cross-section of a liner
74 in FIG. 6.



74 in FIG 6_ s [0040] Continuous |lengths of liner 11 may be manufactured

as described in connection FIG 2. After resin inpregnable |ayer
i npregnated with a thernosetting resin, finished and inpregnated
is stored in a refrigeration unit in continuous |engths to suppress
premature cure of the resin. Liner 11 is cut to a desired length as it is
being pulled into the existing pipeline in accordance with the nethod
descri bed below. [0041] Integral inner layer 13 of liner 11 illustrated in

FIG |

is inperneable to water and air. This will allow use of ai
inflate the pulled in liner and steamfor cure. Ina pull in and inflate

installation in accordance with the invention, outer coating 17 of
11 need df%4p] be Coutirfupesi damethy einpieemdabivey figr napwleeitied nasoflescgbidn imnd t o

orevent dagge ! ALD. NSt bnASetbid B LGl I8, EHEh:08

Quter coatli ng

S genera N1 npregn

12 is

liner 11

r to
i ner

pel i ne.

l.on and does

not f or mrpsm, tiingdhed hel fnipnegnated iineal k isaftéred ic arefigdmian vl inowstimmwys ai 1 or _
gases tr d.in inpregnated felt |ayer 12 and ddi tional .i.npregnated
Q0T o R et e B Lo B g B0 s

| ayers to cape

I nsi

t° t hat

5

coatirg HemgenlidiiniosheraistiOpigelthe ti0acbrdmite Wagtkdmhehdddeetrile@bslow! nove away

fromthat |ayer wthout 15 causing del am nation between | ayers. Wen the
out er - cod0@d] | apeegralSunientapgrridlof tiaet hallfiselated il BlyE 1 idelparmdablkitowagay occur at
services, an. area where the liner. is ynsupported. [0042]_ For larger liner
di anet er s:j‘flg%‘évgﬁﬁl“\’qﬁ 3{}%‘?’ é‘seo‘?tj aFretPtm'ﬁﬁ’ﬁ E’gﬂlﬁ&i 'ﬁ}tﬂltnﬁrgﬂ’gﬁ Bt B F-al® T may be

used. FelpullliRyel infidte ABMIARA Aedobtiadbe WIth &) MAVREHMIS ofitbCovalihe] T §Slider absor babl e
mat eri al , 3§§P$ﬁ§b§0| ester, acrylic polypropyl ene, or inorganic f

such as gt

i bers

Hlciently dmpotmeghis Srrefetion of Franagd fHPrayed AHRRE Wt er i al

may b a iheam ad ARSHIBR RIS tHeRfking lpawl@ﬁe. 13utbredbaky & QOéex&hmlf hppliedUch as

pol yet hyl ene or pol ypropyl ene, a viny

pol ymer, such as pol yvinyl

chl orii de a8k regin jopiranasion aneé dags 1§ o park Abihe foal tarenay effer Ae-  Bien of
sewi ng, aHbesiKg HOBHINGs Aaphbf TR iHﬁF&%ﬁQﬂ Ut 12t DR ZGOUGRLERT Means

can be used to :0|n the material 1nto tubes. I'n t

t r enchl ed@pie Ipyersdp iegpape 28 remaindpsidetaf onter coptieg Bk | Bieify thpt pakinge i s

e Inithal step

€ usual man vacuum ernatl

in all

prepar ed l%r :f‘l};]ﬁ?ﬁt Bhd N5 %%ﬁzflﬂ%]%éer[lgg A3lovE %{K}i}{ i’r%%{nati‘%lelg@%l}l e?t | ayer

i npr egnat

i s i nbr egavsingdlclontifntir betweetulayery AGse s qutafcodtedpyer id ingepthal ttd Gre felt

25

layer delamination may occur at services, an area where the liner is unsupported.

[0042]  For larger liner diameters, several layers of felt or resin impregnable material
may be used. Felt layer 12 may be a natural or synthetic flexible resin absorbable
material, such as polyester, acrylic polypropylene, or inorganic fibers such as glass and
carbon. Alternatively, the resin absorbent material may be a foam. Impermeable mner
layer 13 may be a polyoletin, such as polyethylene or polypropylene, a vinyl polymer,
such as polyvinyl chloride, or a polyﬂrétﬁane 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 trenchiess rehabilitation

installations, the existing pipeline is prepared by cleaning and videotaping,

[0043]  Felt layer 12 may be impregnated in the usual manper using vacuum.
Alternatively, felt layer 12 is impregnated with resin during assembly of liner 11 and then
outer impermeable wrapping 18 is applied. This avoids the difficulty with mmpregnating a
finished liner having felt layers between an inner and outer impregnable layers. In U.S.

Patent No. 4,009,063, Eric Wood proposed injecting resm n the felt layer using needles

9
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outer inpermnmeable wapping 18 is applied. This avoids the difficulty with
inpregnating a finished liner having felt |ayers between an inner and
outer inpregnable layers. In U S 30 Patent No. 4,009, 063, Eric Wod
proposed injecting resin in the felt layer using needles 9 inserted into
opposite sides of a flattened constructed liner. 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 would not be
practical unless the vacuumis drawn on both sides as the inner coating is
a barrier toresin flowin aliner wwth inner and outer 5 coating. In order
to overconme these inpregnation difficulties, liner | | is manufactured 3
f r om endlnseréedr into eppofitd bides efoatllatiensd dopiiapiad fiapr  Zhe wewEeNREWEISYy

i npregna i ' I At -out )j N rated in .
Fi oS, 2. cipipPildghch iy [N KGRI B opler B’ Be MHARPLAR s ES D,

sti t chi népugimdit BiS. Patentigy. 486§.06F wodlé notdemvastital onleds [the lepwnwnis detsineds f or
formng felt.or other resin._i. nabl e.. i alq ] 10 1 up i's

sui t abl eLOtlhéF&%%QSaﬁlﬁzllg}ertcﬁ%%lg 1%”2% & P)oﬁe%ngfogv;m%sleﬂ °§¥‘%§3‘ %bh%ipgﬁﬂjes or
adhesbvesoamg Wit brdas tof bvaremb dirde hgpredimpen didfjcubies,dppt i Bd haowfaetuted ayer 12 =

and inner,_ | neabh)] e yer 13 appl yi n adhesive stri ext rudi ng a
| ayer of ﬁﬁﬁﬁ%‘? quﬂsraotfeth?ﬁi’e}te%fm‘ﬁéﬁ’f‘ fg# &E@%&‘%H%usryawr?gﬂa%‘i ag?r % seal the
butted edgazath of Beoitel krappbLis idhstraed if Gshplesdtor med during a sew ng
operation. 15 [0045] Referring nowto FIG 2, a nethod for continuously

form ng gddgngt What félt 1ay8e areObrifiedSihtd thibde b gtiahing an@betapial, anlytofi tie seat ed
inner layer of inperneable({mfte{(}i al is shown. Aroll of coated felt 36
havi ng aRCWfgiwalyy kuayg: metBedsriay torgmefplt i ofheriTRie RSl raifEerl 188 is fed

over 18 dinheelsis@fidle. T leRimpdd nitkds Edndle hAKABH b oCRBLRASIRI R adiRSikg rol I er 39
to a tube- form ng device 41. 20 [0046] Tube form ng device 41 includes a

tubul ar duppbre lppekendine nEpe gy Pepppbiqiiafelt wyer 2oanddpmer gurgrtakie end 42b
and a fiig.def of BRIyl an AMRGITHBE, ABRE addyel BRI PRYiPRaiBrial SEHeRY and

a
tapi ng machi ne,” gl'ul ng machi ne or flanme bondi ng apgar atus is nmounted above
B

support fismegheppe fredrier3y sl the butiprbedsesef] the feliyreaterpBaridyt hejexfofmasy 39 is fed

in the i, & i rrow A to the proximal end of tube form ng device
41 wher eqﬁ%%eg@gg;épﬂ%gg?ed by defl ector 40 and w apped around support

framgg42 [(ﬂﬂg] S eﬁgﬁginig'?ltcr@v t& Ff(t}'.lﬁ‘?a method for continuously forming a length of a tube

of resin impregnable material with a sealed inner layer of impermeable material is shown.
A roll of coated felt 36 having an endless length of felt 37 with an impermeable layer 38
is fed over a directional roller 39 in flat form with coated side facing roller 39 to a tube-

forming device 41.

! 20 [0046] 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 impenmeable layer 38 facing roller 39 is fed in the
direction of an arrow A to the proximal end of tube forming device 41 where it is

25 deflected by deflector 40 and wrapped around support frame 42 and seamed into a tube
44 along a seam line 46 with felt 37 on the inside and impermeable layer 38 on the
outside. Tube 44 then passés a tapmg device 47 where a tape 48 is placed over seam line

46 to form an imperneable coated taped tube member 45,
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44 along a seamline 46 with felt 37 on the inside and inperneable | ayer 38
on the outside. Tube 44 then passes a taping device 47 where a tape 48 is
pl aced over seamline 46 to forman inperneabl e coated taped tube nenber
45. 10 [0047] Taped tube menber 45 then continues to travel along tubular
support frame 42 to an inverter ring 49 at distal end 42b of support frame
42. Taped tube nenber 45 is then everted into tubular support frame 42 so
that inperneable |ayer 38 is now on the inside of tube 45 as it is :
wi t hdrawn from proxi mal end 42a of tubular support frame 42 5 along a |ine
defined by an arrow B. At this point everted tube 45 has the structure
illustrated in cross-section in FIG 3 with inperneable |ayer 38 on the

i nsi de of 0Pille ABpediinbe member Hayhen cgrtingps PH@VE o8 dbulareippod Bampdh cont i nues
to travel to'alﬂ iﬁ\t%?celdﬁl%gﬁﬁée ét?ligstﬁfenarttﬁg\yf SL@IPBIQ rabrld @2.aqqh§éfr APe 2bmAge5qL nore

£
plain felt layers. I's then stored for furt use, wapped with an
out er i npbeewpbdéinte abilaysuppert dranes@ sodbaaupeiinedds layert 38w nowsionthe 10
i mpr egnat; , s . 4 nr t-0-f i i 48] FIG 5
1T ustr aciad o @R 35 o WD fold Bon uBhiRl ofgh LERL M ERBF e BPSY rember
45. HeT e, alengbe 1idd difsnep Uiyl adarbyw 3. pait thie fpointi bizeted abeeteblaspilit Isirungure ol | ers 52

and 53 ipt .open top r.esi ower. 54 filled tqQ a predetermn | evel ;
with a culpgqﬁagegt%e?oﬁsﬁsseg on ng:lg‘ieh% g’%tl%'p?%??‘ﬁi% ay‘l“r?% &, %F‘é@e 8£ tﬁgout t ube
55. Tube 248 ffiabge 37 ou dre ouldee Tubs45iheh ddntitlasi tdvel ih thel difdetioglt agdw t oner 54 -
to a bott roller. 59 that turns.t 45 |.n an .upward irection to-a pair:
of conpr eg g{}rélf'f: Ei'dgv’loﬂrogm@lor é‘?ﬂ’iegl %“- FrSSk‘r}I?es‘gdﬁg\ﬁ{‘ Sfé’f%@qj?roﬁ“fﬂbeﬁ M%en fget
i n, hei ghtwrappid &N daeoddyinfpRirgableSttafing i &Nhaf G HaO¥il dBredPiLESHEE head :
sufficient to wet out and inpregnate the inpregnable |ayer of tube 45. The
hei ght? née@é@ﬁﬁmtﬁ@?ﬁ?%\??"’aé’“ﬁ@f‘?ﬁ’ réntnah BEPPIS | npr egnat e t he..i mpr egnabl &

mat eri al 'ﬁﬁ}i&gep%ﬂéegt_ on the viscosity of 20 the resin, the thickness of
t he i npr elja | e Fi¥dit 2riflusfratssdn sHhemaiedis wIPreeaaion: of Dol Ak of FEWEF . At t hi s

tine, inphegnatedHbebabdhs BXpuliédig, 1 f‘&f@éf rabbet SoveRAPUIHHE Folfels 2l ands 8PP NG
wi th an outer inperneable coating. [0049] Once at the installation site,
i mpr egnat'B@ AUER R R fNgT PhKEEd i areAeiamsiecd lpve) with 3guable therpeset

Tt 6 method edn feple Sy @Rttt HBSLY, 1B Poe B PR
4, 009106 FHoviHhe fdinkeight of tower 54 to a bottom roller 59 that turns tube 45 in an upward
direction to a pair of compression rollers 61 and 62. Tower 54 is about six to fourteen
feet in height, but can be any height sufficient to provide a pressure head sufficient to wet
out and impregnate the impregnable layer of tube 45. The height necessary to provide
sufficient head to impregnate the impregnable material is dependent on the viscosity of
20  the resin, the thickness of the impregnable material and the speed of feed through the
tower. At this time, impregnated tube 55 exiting tower 54 is ready for final wrapping

with an outer impermeable coating,

[0049]  Once at the installation site, impregnated tube 74 having inner impermeable
layer 38 and outer impermeable wrapping 72 is ready for installation by the pull-in-and-
25  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 puil-in-
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 inmer impermeable layer 38, such as polypropylene, inflation and curing can be

30 done with steam introduced into the liner 68 once in position in the existing conduit.
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of which are incorporated herein by reference. In the case of installation
by the pull-in- and-inflate nethod, a separate eversion bl adder is not
necessary to inflate the liner due to the presence of integral inner

i nper neabl e | ayer 38. By proper selection of materials for integral inner

i nperneabl e | ayer 38, such as pol ypropyl ene, inflation and curing can be 30
done with steamintroduced into the liner 68 once in position in the
existing conduit. 11 [0050] Also illustrated in FIG 4 is a film w apping
and sealing station 63 that includes a forner pipe 64 having an inlet end
64a and an outlet end 64b and an edge sealer 65 positioned above the

m d-section of forner pipe 64. Aroll 66 of a resin ngFrnE ble film

mat eri al [0970} hatlso sllusgatoe widEpdais sbbln TRt dad serlpaisEiss st s fed 5
I nto forpRf..pl p ?or?ér 15@ 3 rl'lahgp Gh TRakhE dab lapa gﬁtoﬁflét%lnd %Zb lafid heddgs om rol | 66
about a "series df tlon?olers 68a - e and pulled by a pair of drive
rollers &Qkr éﬁ@o@ﬂbnedsah‘owdz the Gifd-jostifneef y@er pipe 108y sAFQIé 66 of 2 &S f or ner

B: ngr 6,[4 Olrg\%e?lﬁf lbf ettaornﬁ teria é’] it s%% be Q%Eg%dga%gﬁt%ﬁ{plf' v@t&ﬂb@@é&tlt k9Lqrer pi pe 64

e“s8a m67 into a tube 72 w th
an edge &ﬁ@ﬁ'orﬁﬁr pigt GdethmQu{pmmGﬂbly filinemaériad 07 mf@efrm roll 6|6rqbe|utrﬁeabl e 10

mat eri al npvi alon for e64|s ul re i cat ed by
an arr ow gt BPglfeﬁV‘g’t‘ e Gg;ala 8’? Ry 2 ?‘f)%%% nléerrseﬁgﬁ(?ﬁﬁ:ﬁ% e @g{ji S

cont i nUoYs syre®¥RF t2drsi 70h 0 d 1€ fornbit 3pd &, L leffedronBt apiudet &id daeds fint o

i npregnat ed tube 55 and pulled in_the opposite _di.re dicated by a
dashed aff 8¥putformeronag 64F&§f°é o bt fed iny 8;‘5) egealey (ptg S Egél é)]olﬁgﬂ ?ew t hr ough

seal er 6%;3pg, szrea&r @l B8 exkRdff AbeRdy! thaefdmd TbeFIGof 4npaneitdwn. Seal er
65 forms edge seal 73 in filmtube 72 as film tube 72 passes gver the ‘

out silfe Gfaterlélrm‘ﬂﬂgﬁl% Bumerqripet4 tprlleran pgingghi i joatedelyetIW B s now
| nsi de W ARG Sl #ﬁﬁe ¢4 \xﬁ‘rﬁleh ébmth@d;oﬁtmaams@)uw@ﬁedqm b of
er

forner pipe neabl e {) prior_to or after
wet - out . intericr h:é felaisae plﬁ%é‘# end il msarqxniited tltb@ ?ﬂdolalﬁl edtip Hbe appgiepar ed as

shown in .F o tube 20 form ng assenbly 63 in FIG 4
and prowd 'lm%Pghdw%tez}gga%h%&%yc%oss section in FIG 6. [0052] A suppl y of

a flexi blﬂ;&)ﬂ E@% % FHDS 8Lds sécf‘ﬁg%gqm u%ﬁ'@ea@r'%§ 'ag@ f(ﬁ‘Hﬁir

i
stuffer avi an inAlet en and an"outl et end rrpregnat ed
t ube 155 Gnehwg hge 44 F\IGt dueshoBa. Ssalfréd fprmS@dEweé]tneln@lIBE&)e&ﬂ a§ﬁiﬂif er pipe

83. As t '%u%e ﬁ%asesgst &e? thlencJu?sade of former pipe 64. Once tube 72 is everted, edge seal 73

is now inside wrapped wet-out tube 74 as it is pulled from outlet end 64b of former pipe
68. Quter 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

20  forming assembly 63 in FIG. 4 and provides liner 74 shown in cross-section in FIG. 6.

[0052] A supply of a flexible impermeable tube 81 is loaded onto the outside surface:
of stuffer pipe 83 having an inlet end 83a and an outlet end 83b. Impregnated tube 55
leaving resin tower 54 is fed into inlet end 83a of stuffer pipe 83. As tube 55 enters inlet
end 83a of stuffer pipe 83, impermeable tube 81 is pulled off the outside of stuffer pipe 83
25  and everted about inlet end 83a into the inside of stuffer pipe 83 to envelope impregnated

tube 55 as it leaves outlet end 83b. This forms a complete liner 86 having inner
impermeable layer 38 and outer impermeable coating 81. Tube 86 with outer coating 81
is removed from-outlet end 83b of stuffer 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. When an extruded tube

30  is used in this embodiment, there is no seam in outer impermeable coating 81. The sole
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end 83a of stuffer pipe 83, inperneable tube 81 is pulled off the outside
of stuffer pipe 83 25 and everted about inlet end 83a into the inside of
stuffer pipe 83 to envel ope inpregnated 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 renoved
fromoutl et --end--83b--of stuffier tube 83 by a pair of -drive -reollers 87 and
88, or other pulling device such as tractors, in a direction of an arrow

F. When an extruded tube 30 is used in this enbodinent, there is no seamin

outer inperneable coating 81. The sole 12 limtation of preparing tube 86
inthis manner is the length of inpernmeable tube 81 that can be placed on
st uf f er tinixeti®3of pr¢palies tube 86 itf isnaarrbais thdhisagth bf 0GB rhesble whe hthaf nper neabl e

tube can be.co sse t of (o] engt h.
Longer | §fyPhe T&éﬁcﬁ sf? tgbac g?\ r%nhgaserbegl% nd t(%lft?[ %jomzqé)o?g%%ﬁ} G 8is
Cr 0ss- se@hpainedic h;ible:ﬁn &6 caﬁlptetsseémntcsastuffef mbetafbﬁomzo ffden&r 1@Bthi ncl udes
i nner tubul ar abs ent. material 37 having an inperneable

i nner co Fg?éle“@gb%"é‘éﬂeéﬁ’g‘%s‘{“ﬁo%e’f SheSs described in connecti on with
FI G taff | 8 d t ubul j
wr appgng%gj’ ﬁ\ﬁ I(§\r/;/9 Bti’ss?sﬁg?qr“é’&ﬁmfrkﬁ asf%%}%]gtﬁﬁwq‘ébﬁ;ﬁ% }“%‘%f 2{1 ?)lrje\ljl glrjsl y}

ext r uded idndpRbul@Uh&hbes AR Eih ABkotbkn k@ &SI 7 hivNECartifypeSeabE 3Bt waung;o
connectiogon with FIGS. 6 and 8, &,580515{9“ the time wet out %% 55 eX|t|ng
CoRIGE T Hag

i npr egnat? &fidoTkY Bre Bras gessabe ton gk IG usAﬁ%l1 PERgiE

rei nf or cigRQ;irRF 84 MLNBY dafr amaROwEg ﬁﬂglsﬁ{%&ﬁ%ﬂ% fdcBdhaf fuBilad ¥ndBPing 55. The
scrimand liner 55 are then fed a arrow D into former pipe_ 64 or

stlaffer i p& 2 meviqwly @%@fﬂ G#éem&@r measﬁlaqlqeaﬂlpbha@u T, SopRpredhat ed t ubei

74 hayi ng.iRRekL JiiRaGReaMax | ayer 38 and.outer inperneabl e wapping 72 i st
ready for |nstalviqat|on by the pul I -in-and- inflate method. This method is ¢

fully deggysipedat helim whBahR BheND e)&m P8R atidnBwEO @P&tﬁer W oppi ch are

i ncor porated herein q{‘@qref erence. the ‘case of installation by the :
pul | -1 n- appagatiisy f [lepgétw lﬁ@aforcalgs@pim mne be gdded ito pnepiusfderce! Ipy laldinchecessary -

to inflatg trﬂt?sc!n dlﬂ!e{%itai)e ther?l%dEfb‘ﬁ ?&8\%@3%&0 ﬁnfrm!%gﬁﬁé 64 (gﬂﬁ{q%?@gée | ayer

38. By proper ection of materia I nner such
as pol ypgapyl ene, inflation and curing can be done with »

15 [0055] Once at the installation site, impregnated tube 74 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-m-
and-inflate method, a separate eversion bladder is not necessary to inflate the liner due to

} 20 the presence of inner impermeable layer 38. By proper selection of materials for inner
impermeable layer 38, such as polypropylene, inflation and curing can be done with -

steam introduced into the liner 74 once in position in the existing conduit.

[0056]  An impregnated liner 101 similar to liner 11 of FIG. 1 is installed according to
the process in accordance with the invention as illustrated in FIGS. 11 to 13 to be
25 illustrated in more detail below. FIG. 9 illustrates a pull-in fitting 102 for use in the
process. Fitting 102 includes a tubular cylindrical section 103 having a flared section 104
with an external rib 104a to aid in banding liner thereto with band 105 for securing liner
tube pulling head 102. The forward section of puIl—iﬁ fitting 102 includes a threaded coﬁe
segment 106 for receiving a pulling cap 107 having a pulling eye 108 welded thereto for

13



steamintroduced into the liner 74 once in position in the existing
conduit. [0056] An inpregnated liner 101 simlar to liner 11 of FIG 1 is
installed according to the process in accordance with the invention as
illustrated in FIGS. Il to 13 to be { 25 illustrated in nore detail bel ow
FIG 9 illustrates a pull-in fitting 102 for use in the process. Fitting
102 includes- a-tubul ar cylindrical section 103 having a flared section 104
with an external rib 104a to aid in banding liner thereto with band 105 for
securing liner tube pulling head 102. The forward section of pull-in
fitting 102 includes a threaded cone segnent 106 for receiving a pulling:
cap 107 having a pulling eye 108 wel ded thereto for 13 ease of attachnent
of a puIﬁﬁmgfmapbnanoﬁhaumng@ap(Eaﬁmnschéﬁﬁbabtémaﬂﬁ3ﬁK%%éaﬁﬂhﬁﬁe fitting
is readi atta e | 1'ing head 102. [0057]
ng TR o, 4 dlcRARTR R TN ARl ngle 00

Tur ni ng I ner y attaching pulling head
102 to |l e f r r | bands

105. Lingﬁ§301aﬁgﬂg ﬁﬁggg'glkﬁﬁbhé%%gggg ?ﬁggéﬁﬂﬁﬁﬁﬁgﬁ%ﬁmﬁﬁﬁ?%gﬁg rece|V|ng
manhol e tblRe Eﬂtﬂnﬁfld bfikiea 10 Asndorcuredthale® blrls&:cl Handet051 Qiner $01ns tpaﬂlftdy pul led i.n

by a prope or cahle 9 wn in FLGS, 1 narker
Tvoa b oPitinringianoin DRI 1 reetidre pmlt gl mn Helee RS ™
attachedi13 Iuddiiong @uﬂlylﬁﬁleaﬁn bﬁ@@bpbl dig:aﬂimr]lﬁﬂ){sﬁo‘izﬂ.ﬁl FIER 1it anausm)al | y t he
downstream neanhol e and |i ner i'S ed to.inst I Lon -or stream
manhol e Y182 PRispgpesker j03a i‘b“@" ]aE?f O‘?‘é‘ﬁaﬁl?tﬁ(ﬁ‘tm?]ﬁ‘g ;a)lltlgcg’gg ows for =
curing by h@ddto AMGE e DY at deciving marmb@qaz it 85 Gauaily 6@ dolmbtebaand steam -
can be fed and the liner cured fromeither nmanhole. [0058] Once liner 101

i s pul | etariglandringr K isypuled)fosingialkation Péﬁ?%ﬁﬁ%ﬁléil%“é?lrﬁ&ﬁ Ve, M 13 as

I ndi ggt ealeroffmerféa&h&Qﬁ@ rob Q% JASRTRY QuARPEPXEARIGLY 1idd forak in plg pul I -in i's
stopped to al low for |nsFa | ati on of a receiving canister 115 to the

trail i ngpessiriet fuidred steam can be Réeed i Hoercuivd Sraycithggnangole| | ustrated in

detail in FIG 10. Canister 115 includes a hollow cylindrical section 116

havi ng al®é¥le- sPrepdider Kl d pyllehig within gifixpd distaasenfzom dpspdlatiggmppfiole securing
cani ster ahbd.n X0 1A Lendensake icol | ector
t ube :%gﬁgkdgﬂ?bghﬁﬁk&dF%% gﬁggg%gkbéhﬁgﬁTstir1115 |ntgﬁthe1|nter|or of
| i ner 10atopp&d tedhudnsiastallagioapha B2diving cirodertléd tethe trpiding eud ofiling ¥Ad of
cani %Ber éé]e%m %Lfﬁ@l? fSC@lﬂ!L\%%&t% Rlndejl'élilsln%(i’G' Wl({,’hqnfs%erEiTS ﬁlcm\% §ﬁ(§ﬁd\~on 120 with
a threade connecting to
cylindrical section 116 havulg a cone—shaped leading end 117 W1th extemal ribs 118 for

securing canister 115 within the frailing end of liner 101. A condensate collector tube
119 extends from leading end 117 of canister 115 into the interior of lmer 101. A
condensate drain 121 is located at the trailing end of canister 115. Cylindrical section 116
20 includes an elbow section 120 with a threaded steam fitting 122 for connecting to a steam
exhaust hose 124 shown in FIG. 12 to permit coupling canister 115 to an exhaust pipe

above ground.

[0059]  Adfter canister 115 is secured to liner 101, pull-in continues until canister 115 is
positioned at the entrance to conduit 111 and receiving manhole 112. At this point,
25 ;;ulling head 102 is within reach of the surface in installation manhole 113. Pull-in cap
107 is removed from pulling head 102 and a steam inlet hose 126 is secured to pulling
head 102. Once the trailing end of steam hose 124 is connected to an exhaust manifold

above ground to control heated inflation liner 101 is reé.dy for mflation and cure.
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exhaust hose 124 shown in FIG 12 to permt coupling canister 115 to an
exhaust pipe above ground. [0059] After canister 115 is secured to |iner

101, pull-in continues until canister 115 is positioned at the entrance to
conduit 111 and receiving manhole 112. At this point, 25 pulling head 102
is wthin reach of the surface in installation manhole 113. Pull-in cap 107

is renoved fr-om-pulling head 102 and a steaminlet hose 126 is secured to
pulling head 102 Once the trailing end of steam hose 124 is connected to
an exhaust manifold above ground to control heated inflation liner 101 is
ready for inflation and cure. 14 it [0060] Air is first introduced into
fluid inlet hose 126 to expand |liner 101 against conduit | 11. At this
tinme air [0&othanged favekirédncat manfluidtinisutodeolds tbnaXpa:réslérl@r d0] nagdiisher 101

and cure of . the resin in the inmpre nablela [. . the end -
of the cifPadut \3&1 &téﬁa U@ P §£g£‘ PEt &° F1RE g‘?tgg'?tan’% ¢ ger?&ﬂg ﬁlbh toair
and |iner101Qdd e 8f thoveth m%eﬁn@tb@,hablmgﬁ He@ﬁstoea:msermthbenchaﬁh@omt ed to a
desired level, air _flow pressure is refgﬁ ﬁgh @q géﬁ)c

conpl et e.¥fl¢ and C‘Fﬁ%c"é%ﬂl%e thg sisandy changedpic tt? 8’r’i RE &' 113" 9a P ermve

pul I'i ng head e nanembérhilel taf8dolelQd aafesiceanehbl tairlloly piBhdiid i@kddycedre@cei vi ng
cani ster 116 is renoved fromreceiving manhol e 112 .and. i ner 101 is

trimmed. 78 hapooest Feogwleid I iF ik saft i onie pallalor BRaRgly ! 1 4peraove
reinstat. tlhz]tphdzogl@]thml JineC 01 Jt%@&l\flﬂl 1l?e SHRaR 1., RabividiecaRRL Bi%Sisi N

accor dance e invention readily allows one to attain the advantage
of pul | mmawd fronf tegeiving menkale 1 Hoend linentQ! aummgd-aft fianidpe cyphdteeabl e

Cg}x‘/'er Wi tﬂll 141% a;tplrag&ggergf Flﬁgmpractl cing the process, a tubular marrber:

be easily p in a ated using a pulling head that can be

coupl ggl 2@0 & ! flpgan n!:ardfl il Ee@ t@pﬂe }O%QQI{L Q¥ cofddhde Gt bk e BRAYr € can be\.

mai nt ai n the nst alling a receivi ng cani st er above
ground. Tdliows pn@toesgtnlthemdtf@t&gh@f Plébl@i ahd inflagerand wsing a lipar Gaupglayighdund access

uni | e Ut gt RS ARGy BOGLE A2 By R Roknl ol eaMbhA: il [he Tesin

si gni fi cantry an one can cure ng “‘circufl ating hot wat er.
[ 0062] | tcamﬂeleaiﬂmmﬂlbe irs aelninfldtet udidpea (pb]liagth@ads&at ¢apriehcoaplod & ainfgng t hose

nmade appar th ecedi.ng descri e ef at.t ai ned
and, si nc‘@ﬁ%@r‘lt flr?m&'W ﬁ@gg”ﬂ?a‘ﬂ/v lgea p%S%g 8?1 g glrtarme%n ﬂ% %ﬁlet Lﬁler g%ove
process, inftallifi€a gesiehighadistpr dductrouah dThin ptdeess doiis tth&metelid‘m(lsan entry

into underground access while utilizing the higher energy available in the steam to cure

the resin significantly faster than one can cure utilizing circulating hot water.

[0062] 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
N 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 accomnpanying drawing(s) shall

be interpreted as illustrative and not in a limiting sense.

[0063] 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

scopé of the invention which, as a matter of language, might be said to fall therebetween.



set forth without departing fromthe spirit and scope of the invention, it
is intended that all natter contained in the above description and shown
in the acconpanyi ng drawi ng(s) shall be interpreted as illustrative and
not inalimting sense. [0063] It is also to be understood that the
followng clains are intended to cover all of 25 the generic and specific
features of .the.isaventi on herein described and all statements-of the scope
of the invention which, as a matter of |anguage, m ght be said to fall

t herebetween. CLAIMS WHAT IS CLAIMED I'S: 1. A nethod for installing a
resin inpregnated cured in place liner having inner and outer resin

i nper neabl e coatings into an existing underground conduit froman 5
installation access opening to a L@;%é;ng access openi ng, conpri sing:
providing a length of liner suita the length of conduit to be
repaired; - puw.l&g? éBEAii rIS,i nto the conduit fromthe receiving access
openi ng towards e’Irnstall’ati on access opening to a predeterm ned

di stance fromithe £ngiefl h@sobingud tesiatimptdgeated serad implaemlizee 3898 openi ng;
10 providing a,receiving canister .having an._.o ' I and a .
ech vi ndPBRANLPEE T Mg Sros P i S PR IPA LR (RbEBaR B BT 2,
r ecei \i NgnKARESH SceisRbnidge atréadividgngednabenfngt dvenprisinger ; continuing to pul |

the liner into the installatjon _.access, openi o.that. the 15 |eading end
of the liner is di®¥p8 @aleﬁgﬁﬁgh{lﬁﬁﬂéﬁ%}ﬁgﬁ tg‘ﬁPeﬁ%@é@%”’%ﬂ%%ﬂ%ée%ﬁa&t he

recei ving cani st gfuiiicy tROgiet in@ @6 c@duft MO mEReraéivinh ecce@pbiiig @vaidae

recei ving access opening; connecting an inlet fluid supp:q%/ I i(?e into the

| eadi ng ehtingillation aceeseopening thaprefrieuradbae Fomdisenind fiofgidiit al 1 i ng an

exhaust |y4}0&QibtolGcdbdipdhiqet | et on the receiving canister; 20 feeding
fluid into.the liner to expand the |liner against the wall of the conduit

and pHss through tw#reviding rerecaiirgesantster Huvigh@uepey insiallgiont ¢d ek adi vi ng
access %@éﬁiﬂgéndfﬁiﬁgiﬂﬁdt}&?&@&pﬁ éli d through the liner until the resin in
d, ’

the liner I's cured; _ -
installing the open end of the receiving canister into the trailing end of the

liner;
continuing to pull the liner info the instailation access opening so that the
15 leading end of the liner is disposed in the installation access opening and the receiving
canister is positioned at the end of the condnit at the receiving access opening; |
connecting an inlet fluid supply line into the leading end of the liner m the
installation access opening; 7‘
installing an exhaust line on the fluid outlet on the receiving canister;
20 feeding fluid into the liner to expand the liner against the wall of the

conduit and pass through the. liner and exit the exhaust line at the receiving access

opening;
feeding heated fluid through the liner until the resin in the liner 1s cured;
cease feeding curing fluid; and
25 allowing the liner to cool.
2. The method of claim 1, including:

providing a hollow pull-in fitting having an installation end with a fluid
coupling and an open second end; and
installing the receiving end of the pull-in fitting mto the leading end of the

30 liner.
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cease feeding curing fl ui‘df and 25 allowing the liner to cool. 2. The

met hod of claim1, including: providing a hollow pull-in fitting having an
installation end with a fluid coupling and an open second end; and
installing the receiving end of the pull-in fitting into the |eading end of

the 30 liner. 16 3. The nmethod of claim1, including the steps of:
inflating the liner with air; and curing the resin wwth steam 4. The

met hod of glaim1, includi 1€ i ner and
cutting thg | i ner when the gu“ﬁéetﬁ‘\‘(ﬂ!gf%g rﬁedﬁ{lanlldwé)ﬁ% %&gg}etherm ned di stance
fromthe instaidfhtingnhatinessitbpepimp. 5. A nethod for installing a resin
i npregnated cured,in place liner into an existing underground conduit,
conpri si ng: prowrmglﬁleafeﬁéﬂgthﬁf@ﬂml iner; pulling the liner into the

conduit; pjoviding a receiyin ter aV| ng,.an o instal ] ation end and
a recei vi n% end with at é g?etﬁqu f?lﬁlrﬂ otfd! m%ﬁ Yl&l&ga%tmqwﬁ&%ﬂb

open @fighepfantRat] n%Ctﬂb\li REwhEAt | 4
connecting an in fl l?l d suppl%tmﬁrﬁée Pﬂfdoﬁ{“ﬂme ﬁ%lﬁel%%hﬁﬁ r{c{?gﬁﬁ]ﬁ%er
i nst amBﬁaHgthnachﬂaqsmnmg ne on a fluid outlet openl ng on the receiving

canister; _feeding fluid into the liner to expand the |iner against the

wal | of th¥ conduit and pésl‘geﬁlhﬂ@!glmtaﬂmgmr@m angregrated t:tmedanhﬂwethﬂdrﬁ@toté@
cure the rg&g allowing the liner to cool. 6. The nethod

of claim 5, tlr& ‘ﬁ]&%{% SQ}?ddﬁ QOIEPHBIIHBOW pull-in fitting having an
installation end Wi thoRiding'h thng@PUPEA&Y and an open second end; and

pulling the liner into the conduit;

providing a receiving canister having an open installation end and a recewmg
end with at least one fluid outlet opening;-
installing the open end of the receiving canister at the trailing end of the Ifher;
connecting an inlet fluid supply line into the leading end of the liner;
installing an exhaust line on a fluid outlet opening on the receiving canister;
feeding fTuid into the liner to expand the liner against the wall of the conduit
and pass through the liner and exit the exhaust line to cure the resin in the liner, and
allowing the liner to cool.
6. The method of claim 5, including;
" providing a hollow pull-in fitting having an installation end with a fluid

coupling and an open second end; and

installing the receiving end of the pull-in fitting into the leading end of the
liner.

7. The method of claim 6, comprising the step of feeding the fluid into the
liner through the pull-in fitting, |
8. The method of claim 5, including the steps of:
inflating the liner with air; and

curing the resin with steam.
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installing the receiving end of the pull-in fitting into the |eading end of
the liner. 7. The method of claim®6, conprising the step of feeding the
fluid into the liner through the pull-in fitting. 8. The method of claim
5, including the steps of inflating the liner wwth air; and curing the
resin with steam 17 9. The nethod of claim11, including providing a
continuous length of liner and cutting the liner when the liner is pulled
into the predeterm ned distance. 10. The nmethod of clains 5, wherein the
liner is pulled into the existing conduit froman installation access :
opening to & receivi ﬂ“@)em&thtscioﬁplahhriginclﬁding'pmvmthhgl@d:o@fmﬁd)w lehgh of figkrdi Ng

71 mer S EafinE 35 it oviond s Hose Baratledirashe predbtermited disweemod for
nstalling o resin i TRESARRLE GeUERL SoRLASE Il BEE: KBl e HLRDy

under ground conduit, conpri ;o providing a eng

the | emgidntﬁatbmcanndswtlaﬁ(m ﬂﬁesmnﬁlﬁgito a febiviniOadcBss dpeRgig. i Nto the conduit a
predeterm ned distance; providing a receiving canister haV| ng an open
instal | ati ohl.end andThe metlod phefaina e inaludingpravedisg amostintaisdengthloéliner

| d h h |
ona o pudipk fle 609 i AR FRCL BB be Bgl i et onaut 1 o
connecting ap, i i et WMbﬂloﬁl{Bpmﬁt&lhﬁ alrBdif lﬁlpgegjnm n'CﬁgecF{f'ﬂ%lg e flﬁ'& 1}1{0“.53{

installing an exhaust line on a out | et
cani s¢Xsting frdsggnognd canduit, rmmprismg i ner to expand the | i ner agal nst the

Feedi ng heat ed PIAYIGInE AgRigh of BT FRBPIr il enelhcksondiih ta herapaneds s
cured; cease f ﬁ!ﬂﬂh@%ecﬂﬁérrlﬂtof €t Bnadit pfORIRINRL Gifangl 2 M 12, 1 ncluding:
providing a receiving canister having an open installation end and a receiving
end with at least one fluid outlet opening;
installing the open end of the receiving canister at the trailing end of the liner;
continuing to pull the liner into the conduit;
connecting an inlet fluid supply line into the leading end of the liner;
installing an exhaust line on a fluid outlet opening on the receiving canister;
feeding fluid into the liner to expand the liner against the wall of the conduit
and pass through the liner and exit the exhaust line;
feeding heated fluid through the liner until the resin in the liner is cured;
cease feeding curing fluid;
13. The method of claim 12, including:
providing a hollow pull-in fitting having an installation end with a fluid
coupling and an open second end; and
installing the receiving end of the pull-in fitting into the leading end of the

liner.

14, ' The method of clalm 13, comprising the step of feedlng the fluid into
the liner through the pull-in fitting,
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providing a hollow pull-in fitting having an installation end with a fluid
coupling and an open second end; and installing the receiving end of the
pull-in fitting into the leading end of the liner. 14. The nethod of claim
13, conprising the step of feeding the fluid into the liner through the
pull-in fitting. 18 15. The nmethod of claim 12, including the steps of:
inflating the liner wwth air; and curing the resin with steam 16. The
met hod of claim 12, including providing a continuous length of |[|iner and:
cutting the liner when the liner is pulled into the predeterm ned distance.’
17. The nmethod of clBhemetd oftdaiei b2.tibedudingahe steppof:l ed i nto the existing
conduit from an hgltahkqtion ccess opening to a receiving access opening.

19 inflafing iner with air; and
curing the resin with steam.
16. The method of claim 12, including providing a continuous length of
liner and cutting the liner when the liner is pulled into the predetermined distance.
17. The method of claims 12, wherein the liner is pulled into the existing

conduit from an installation access opening to a receiving access opening.
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