DUAL GLAND Al R | NVERSI ON AND STEAM CURE OF CURED I N PLACE LI NERS CROSS
REFERENCE TO RELATED APPLI CATI ONS 100011Thi s application is based on and
clainms the benefit of United States provisional application Serial No.

60/ 708,934, filed August 17, 2005. BACKGROUND OF THE | NVENTI ON 100021Thi s
invention relates to inversion and installation of a cured in place by air

i nversion and steamcuring, and to an apparatus having dual rigid glands
for the inversion and cure of the liner. The nethods and apparatus all ow
use of a hold back strap to control the speed of inversion and a perforated

lay flat hose for int feam, Lt h an exhaust port for
continuous flowthr odjg’;lﬁﬂygi“ﬁoutfﬁgl ’?\‘?ﬁ@&%&ﬁ”&t‘l f)ﬁ}%r to steam cure.
The net hods and apparatus argy; uited for installing
liners fromabout 18 to 36 ”ﬁ%ﬁgi ggH%§{A¥r$§&£nghes and greater. 10003]It

is generally well known that conduits or pipelines, particularly
under ground pi pes, such as sanitary sewer pipes, storm sewer pipes, water

lines and gas lines t = = r.can i fluids frequently
require repair due togﬁﬁﬁsgiFggggggﬁ%gﬁh‘ : ﬁﬁ§¢gﬁ¥£#%e | eakage may be
inward from t#I1¢nvi ﬁ“binrmpitcaziiqnt io tated dnndr@rdloms ore Lastlugt Uagd pends on of the
pi pelines. Al B;@GIQ@R'I Y Mﬂlm‘i @Qr;;{]ﬁﬁké%)gﬁ}gga/}’ hch% Au usy\@'; qOJSr om the conducting

portion of the pipel | e surroundln AVI rofiment . In either case,
it is desirable to av0|d thls | eakage. 100041The | eakage may be due to
i nproper installation of t] g OBTHE IN rioration of the pipe

itself due toqomagmal Tagifg:Rh r&l@csttbﬂlv%fut)ﬁQﬁcﬁin&?‘filaﬁW%yc'uﬁg upﬂﬁcrec@' ve or
abrasive materi.al . r%ﬁks at or near pipe joints

ma
envi ronment al*" S Y 2BH &4 EHINEs G AP R UPAIES haYing e Yﬁﬁﬂéﬁﬁﬁ%mbﬂwlarge
vehi cl es on bm@mmmaﬁmGEQMSMfm&ceIMLn&mﬂmbﬁfq@@wufﬂb“ﬂ&cﬂﬁ@hﬁﬁdﬁmVIbratlons

or other suc use e t he cause, .su kage is undesirable
and may resuP&“l O“m“O%B gwkgﬂﬁmy?ﬂ?%a%%1 g'@gﬂ&g¢§ﬁhwfg' 'HIHEBi pel i ne, or
result in dashgemnt tv uhevidurr obadi pgt envinticnne ﬂbwalndlgm&ﬁiobtl @figrgat i on of a
danger ous pull lﬁ]exh[ﬁfbl tvdgzard ook by difa8s %n%%kg]%gsus dTe particularly well sunited

for installing liners from about 18 to 36 inches to about 72 inches and greater.

§e

[0003] It is generally well known that conduits or pipelines, particularly
underground pipes, such as sanitary sewer pipes, storm sewer pipes, water lines and
gas lines that are employed for conducting fluids frequently require repair due to fluid
leakage or deterioration. The leakage may be inward from the environment into the
interior or conducting portion of the pipefines. Alternatively, the leakage may be
outward from the conducting portion of the pipeline into the surrounding

environment. In either case, it is desirable to avoid this leakage.

[06004] The leakage may be due to improper installation of the original pipe, or
deterioration of the pipe itsell due to normal aging or to the effects of conveying
corrosive or abrasive material. Cracks at or near pipe joints may be due to
environmental 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 leakage is 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 a dangerous public health hazard. 1f the leakags



continues it can lead to structural failure of the existing conduit due to
| oss of soil and side support of the conduit. [0005] Because of ever

i ncreasi ng | abor, energy and nmachinery costs, it is increasingly nore
difficult and | ess econom cal to repair underground pipes or portions that
may be | eaking by digging up and replacing the pipes. As a result, various
met hods had been devised for the in pglace repair or rehabilitation of

exi sting pipelines. These new net hods avoi d the expense and hazard
associated w th digging up and repl acing the pipes or pipe sections as
wel |l as the Nheah ReQnyen

successf ul pl%lﬁlg[&h%e&%él ké'illd r ngc“tnaeﬁ(]: %itstgb Lr\éC}%l gf‘]”d'f’hq‘ic? E’fﬁr%@%’?@@s that is
currently |nbmké@mgéef®smm@hled the I nsituforme Process. This Process is
described in U S. Patents No. 4,009, 063, 4,064,211 and 4, 135 958, all the
contents of ar 0 , ference. l.J n the
standard pr a\gg?(% of Be hﬂ% F)]ig?\rbﬁg%?%gﬁr g%gré?{%{ 3(?e’f‘J ng4 me g)’(l"bfi’e t ubul ar
liner of a fé‘P%baﬁla@b’l*EOinCMﬁmlbﬁlldsieﬁﬂ kepnomigsli v fepgr egdreéwbtmdn;ab@rmal with an
outer i nper mpakbes ﬁl@taltnli}nge tem@ﬁ%bﬁgngﬁgnplaﬂy ﬁ)%nﬁt! &g %&s A%eg b{%[l setting

curable resin is installed within the existi neral’ly, the
liner is |nsﬂ%?%@&“ﬂ?ﬁ?Fﬁﬁﬁﬁ“ﬁﬁw%V%Y@F6hmﬂﬁd@@§§‘W&§“H@§@ﬁﬁ@@§HMn the | ater

two identifi @d)elnlbeJ 0 hen patheRtaSeid e u'&fﬂﬂs@éh@ 812NN RE8 S8 d'?g%mgal pressure
applied to the i ri.or of, an everted liner presses it against and into

te

engagenent mﬁ?ﬁmpﬁgm?Wh@?p@ﬁ¥¥8@%“6PNFHE“bﬂﬁ%WFﬁém“PﬁhﬁW%Wm“¥ﬁ%mln5|tuform
Process is aM&quﬁhacKmeedﬁbmn@wh&xaghamp@&bmqmnpfe@n&k@dmhmmament0 t he
Eﬁgggle'; g?f Ialpl[l rsggéaq{l {i ?& wn mt[é u%wn Z uscgsnuaile tﬁefnflguﬁélrn@%do%é{]g m{];ﬁ%g:{slenlelpf ![ g't on
cure agalnst!1¢%wﬂﬁ®eﬂJ®demﬁNqHQO%&?s%DﬁgApnpéﬁﬂﬁéﬁssumhemm&mn
|npregnated Lk REES 86 8,960805 &dbiY b grred to as "cured-in-place-pipes" or

"Cl PP Ilnersﬂ and # é'F%sta ﬁ%f?o%ﬁ%éu¥§ferred to a OPP installation.

[ 0007] The UPI' flexible tubular liners have an outer snooth |ayer of
relatively fl&80bl e, Istibstuaditd mhdtye phbelrivebine Ppotsy merlocpatiifngibiche out si de
of the liner wipial tiger bk Fe'l!@alxbu%t@&ﬁo; s\(}hﬁ‘ﬂ i&Yiz 1'[115) Onabte M ferlREE T W&El e |ayer
ends up on the inside of the liner af iner 1s everted during

i nstal | at i on/MpEmeghlk qopting;tht Bas hCﬁblrmpwn@%%h p arnjosetiyh corienblel resdin i the

pi peline, t halsﬁliﬁﬁkﬁlﬂxﬂ th&mﬁsﬁlﬂ§%H&Elu?eed(}&{uﬁﬂ% Wit |ﬂhu’19 l%ﬁﬁ&{ th?}ﬁouatn' l'izing an
3 eversion flui orce l'iner radlally

out war dl y to“&%ﬁﬁb@oﬁﬁﬁdéSﬁP&F%WE@?ﬂ%‘PHﬂ@WP@W]§UWﬁ&€§4ﬁmwﬁ%i@X|stlng
pi pel i ne. [ 0008idypbead, )ﬂ;di mqqmeearapmeeno tlﬁ\/iﬁtuch Sf ek e&h@@lh@d} pEdds ﬁtnglt aljljatl on
v er or a bl adder

site to provi £ss. ert 1ne

Alternately, ﬁ%ﬁmeand e uu:%,Plth W 1H]sﬁ18\}\ﬁw ﬁat%beegi \ﬁ? B 11}6 ngelpalt{'ent s No.

5, 154, 936, h@mﬁﬂomﬁ?ﬂgamIQRE)3&m9ﬁ4WyamdmymJLSpSﬁiwﬁaﬁﬁlhhenmon&ents of
which are in ef [ ini.tiated by
Cntroducti Ongg{dgf?%?twmg Qfa&L?ferAn(Py 1‘r tesglé'a? mH g%lnlgum(‘{rﬁ% mQ]%honablfgc!eélgpcul ation
hose attacheé“@émﬁhewéﬁﬁ‘b$ﬂmh%m@v@ﬁﬂwm@mﬂmwepOManemsmemHMHmarous

reci rcul at ed yfchough pacheat sRQUESE ﬁ&@%@é 1 u?%lé Elnclly h&%’iedeﬁcﬂanger and
returned to the inverted liner until cure o iner'is conplete. The
resin i npregndEdriPREGPPTe oF npFEglish é‘“i’rﬁlt‘-‘elﬂﬁlail “‘P% it trénreg Up @dCP8 form a
hard, tight fdstatiacieg. rigid pipe lining within the existing pipeline. The new
liner effectively seals any cracks and repairs any pipe section or pipe

j oi nt deterl 9 on | Qrder to prevent further |eakage either into or out
of the existi 3 Lu pel %”” HRebledrhuly fes varseie smoes lpy Srdehghen t he

exi sting pi pékiine, Ml&i,thmﬁll)y aspetfcaPle PoivehRr asldad ust sudcdeusiadic SHEPQNGE for the
sur r oundi ng er Vi ron eve sLon t ti me consumni ng

to construct "¢k m%d “Pﬁgfggﬁ% B@méﬁm18§Wmdﬁg%@3Wh@hﬁ?ﬁﬁm@%b#ﬁ%n near
trees and eIe@@nMﬁahzmmmﬁsddﬁhgswmﬁmmﬂﬂ;maﬁuﬂa@ﬂ@m&dmbymaMdaﬂnakatuS whi ch
al l owed I nsi r al.e y.dr a h ’ hi ncter

val ve. The l}\ﬁfeu? 1\% 1%% 3 ﬁl&?é}%%;ﬂ lgtplcgsun dtﬁoem é?li}{%}r L&é&%&ni&]] Uﬁ|d d through

t he sphincter valve by pressurized water beIOM/the val ve. The pressuri zed
wat er applied a force on the nose of the liner causing it to invert into
the pipe being rehabilitated. These apparatuses for the rehabilitation of
smal | di ameter pipe have been in use for about fifteen years.



[ 0010] The maj or di sadvantage to the use of these apparatuses with water is
the quantity and availability of the inverting water. Water nust be heated
typically from55F to 180F in order to affect the cure, and then cool ed by
the addition of nore water to 100F before being rel eased to an acceptabl e
di sposal system [0011] This di sadvantage may be overcone by using air in
lieu of water to create the inverting force. Once the inpregnated liner is
fully inverted, it then can be 4 cured with steam Although water is
necessary to produce steam the quantity of water in the formof steamis

only 5-10% of,, ed for wat | rsion, cure nd cool down. This
neans t hat sf%%%?%g%ﬁ%gdlg\ameiMIm ?ccm%vé%l?éhb%ﬂ%ﬁmq KlofBerer @i | y

avai |l abl e on<§ﬂ@@@ﬁﬂh?@wdpgﬁﬁmEOf%dunﬂmgwpﬂmclhe quantity of water is the
result of the higher energy available from one pound of water in the form

of steam ver susgne AgAG0, NERLEL, MLk, FIPuRound.of L Ram gpndensi ng to

one pound of water gives roxi ma
wat er gives obFnesiypressise BEUL (tY?fi élaélh@d)egbéédm nAttempéy atgresigdrom. This

reduced wat eras KR Jn@rﬁ%gvam&i M, g1 pialnglsi 1By D '1\9)” ({?W?%%@W cycl e
greatly reduceipﬁure cycle and installation'tire. 12 R t'hi's appar ent

advant age i n *0S$MNAg -2 3?ﬁVéW@W@hOQWBdSWé&WPEQW@dWﬁymﬁasd@h@xlﬁdmstry been

sl ow t o abando Mﬁ'ﬁ;ﬂﬁdiddnvﬁﬁnﬁioﬁxﬁul&ﬂ@f et wiRt &fio G everk 03] WD, vater is
used to invert .the.res ng Fg}q liner, the uninverted portion of the
fi o“HfélC

liner from t REFHEER ]foﬁb iV Frergcabisar dPYRSIns VHigloled up by a

force equal tresntiiged|thanigh tiyleszsmmtsecﬂ} Aiagpliacededyxdhbgel 14388 wmmbdyct he case of
Cl PP |iner S, tftiehihﬁer[q?ﬁpe: uqﬁi cule oq%c 1}4%1 lsV\ec!nﬁqqetF hé‘h%m%wb@&%é@teﬁ 1%55?{%}2 gp ;[N;raldl %/ 0

reduced, as is orce necessary
t he |nvert|ngmmégékah@mMHﬁﬂknsnu@adnm@!mmeayﬁﬁuheung@ﬁnmmguﬁﬁmce t he

uni nverted | igpekislihLH Jﬂﬂet tf‘ﬁ Qtl‘flllgingﬁ%& v%)ges[:(ﬁ% ?)h uafcus] finnv\émwh?npr essure acting

on the inverting nose o i ner Y&t he i ner
f orwar d. 1001:%’1‘?%9‘61%%1’?38?1&%“&@1@%“ lbé"ﬁbv@rplwemtéwﬂm lenivngr ¢ithar 1(ﬁ|oI%tht| ner no

matter what iosihbsgdink@iRifatige hh& tRvelt q\zlrs}g'; 6 e %‘}fmn & b@\gﬁ ntr BIF%?S’ are.
Force reqU|red to invert the liner (turn_ |iner is force

varies by |iné Pb?ﬁVERﬁﬁg%amWﬁﬂé¥W&ﬁ“FVbbmaWHGWEWH#WﬁWVwﬁmhﬂher t hi ckness to
di aneter.
[0009] The eversion tower, which was time consuming to construct, caused

workers to be 30 feet above the ground ofien near trees and clectrical wires, This
method was improved by an apparatus, which allowed Insituform to create a
hydraulic head by the use of a sphincter valve. The liner was fed into the top of the
apparatus and pulled through the sphincter valve by pressurized water below the
valve. The pressurized water applied a force on the nose of the liner causing il {o
invert into the pipe being rehabilitated. These apparatuses for the rehabilitation of

small diameter pipe have been in use for about fifteen years.

[00106] The major disadvantage to the use of these apparatuses with water is the
quantity and availability of the inverting water, Water must be heated typicaily from
55°F to 180°F in order 1o affect the cure, and then cooled by the addition of more

water to 100°F before being released to an acceptable disposal system.

{0011] This disadvantage may be overcome by using air in licu of water to

create the inverting force. Once the impregnated liner is fully inverted, it then can be



2. The force necessary to pull the liner fromthe inverting apparatus to
the i nversion nose. 3. The force necessary to pull the |iner

t hrough the inverting apparatus, 10015] Force nunber one (1) above is
generally the same for both air and water inversions. [0016]Force nunber
two (2) varies greatly between air and water and can limt the |ength of
air inversions. There is limt on how nmuch pressure can be used to invert a
| iner without adversely affecting the quality of the installed CIPP |iner
and/or damaging to the existing conduit. Lubricant can be used for both
water and air Sian, t G&l e required pul force.. 0017] Force
aunber t hr ee c&x%ﬁ‘(@i{ :!teoam Rgﬁo%gp uatcr fthéec{é%g%%ltﬁ ducg esgcmgnthelqﬁ S? appar at us
presently in ‘e in thefmﬁopfc&éearl“eqLmﬂwéell()t’/coofpi]elttlwmlhec! Kdr vexrer tiveiciog heutehe

appar at us Wi | ha bBATERRE THAGRR! HASTealcal B sch 065 O0G PR END T ease.
This is caused by the rder to Increas i I'4b1 8 "P'nver si on
energy, typi dé"ld’léﬁ)‘ﬁ‘&ﬁbé‘f ‘PJESHFnIUSéMftUGd‘E*ydrOGSII i é‘ﬂaﬂtlws@é“’@tﬁr !p)rhescsuir pzed fluid

fromthe pr eiﬁdﬁﬁl@l@@ Qﬁmﬂfvaiﬁ%ie%ﬂ &€ phider waRrt ﬁMhﬁpﬁhptof ét&a‘hpv ?gl?ox%ppar atus
and the cuff and nded end of the Liner bei ng 1 nverted IS restriction

is typically pﬁ&‘bdo FEhEHChPIe REPE 6 PR tmeenging ‘%?l@ﬁwfl‘w@aglrﬂ%eurmt ic
sphincter gl a:fﬁfh,ppmﬂnrh}eiwmon®I&Isgdhﬂé\ﬂnct Rabd bSvRIN G 5@@111@36né Revigverting
es . is restricted by the gland

fluid. The o

e al  and g iies Pl et fhee P oy R B e, B0 A o cmuses
an increase ctimitagorfaf tlc:thean1pb9ctlwemyﬁddeces e ctdagd CsBRadok fige. and gl and.
10018] I'n view of these apparent benefits of steam cure conpared to hot
wat er cure, B@] se Qf en pro osed.in view of the ener gy it

carries. Air imvert aph t1il1‘Sla<1;1't)‘m’“§‘“gf“ adde? VAN INSHE P hPEUEH ST BAa Yt 0 cure has
been di scl oséds fninkmiy tbGﬁfIUMW o aBundPatentscNon abd HO8a2728rand No. 6, 679, 293,
the contents of which are incorporated herein by reference. The processes

dl SCl Osed I n b(ﬁﬁ?e r%l%gt\\ Ybl IIS.SL%%EFlg I!R/ %legﬂlu{hll nf l ate

mu,cf Fnu t{m aiq.fgt
technol ogy and are currently in use n&PYhey provi de
advant ages oweriopat ép 1*Wél|03n tominf oinegwed b iuh!a\rmttnerdspald’d@mb@wgd tpHe process

descri bed dogspRetqRi @B’ih@%u:ﬁz@x'ﬁy &'[S\%té?fdis%]atc%yb)f h@thnaosﬁ OLasl D#}&%um ion of
steam Mor eover use of puncturl ng canl st er di scl Ose In these patents is

not suitabl e 'FBF Hédiaihs er{%tafl"g@lr‘:’éli aintBe &per|is pesigntialie maloedd] 35, 1s fhedi um si ze

l'iners are cansd ldﬁés@dy topubend hasedehwas . ARe e 13180036 wighes in
di aneter. Lar ?%diéamt ers are hose in excess of abolt 42 |nches and | arger

in dianeter. joRlE 5 AT Sigisyforesthg winygdsdy gy bestoy thy ko fregdssses f or
i nproved air ahdihensipaiist @am alheinkaal@ldsabi BaHk nfebRRl kiener scthat al | ow

for use Of aOI?QI ﬁngqi\\’ﬁl%t ap

{0014 Three forces must be over come (o invert a CIPP liner no matter what is
used {o create the inverting energy. These forces are:

1. Foree required to invert the liner (turn liner inside out). This
force varies by liner thickness, material type and relation of Hner thickness 10
diameter.

2. The force necessary to pull the Hner from the inverting
apparatus to the inversion nose.

3. The force necessary to pull the liner through the inverting
apparatus.
[0015] Force number one (1) above is generally the same for both air and water

inversions,



6 and lay flat hose for distribution of steaminto the inverted liner to

i nsure conplete cure without thermal stratification and wi thout having to
deflate the liner prior to injecting steamfor curing. SUMARY OF THE

| NVENTI ON 100201Ceneral |y speaking, in accordance with the invention, a
cured in place pipe liner is inverted using an installation apparatus
havi ng two sel ectively operable rigid glands. The apparatus provides for
introducing a curing fluid after inversion w thout deflating the liner.

I ncl udes an open frame for securing the liner that is inverted before

passi ng bet ﬁ@‘ﬁ first selectlvewE gerable rigid gland used to form an
air or steamSeal and®%C SWRFHIVEE) Hek @éﬂ?ﬁﬁﬁﬁﬁhﬁf@mﬂﬁﬁﬁdmbwaﬁdmfor f or mi ng
an air seal ﬂbfhﬁ@Wef&lmnmmb9921&iamanﬂfeiﬁ&ﬁ%dw@ﬂb@ﬂh&EﬂQmQEufﬁe i nvention

the inversio t S af, e S or positionin
over a rranholqlé‘%g%?] g‘Hﬁlo?t dd{em g"‘:tH’g“ %‘8@28?@8“‘1‘3 h%‘rmyé&h‘?g&fﬂ?‘o t he 19 rane

is inverted a#%ﬂ@@s@e@etchﬁtmmgmnﬂmt Stubgedt secendsedl fandsth prdi@rantl Qirent eri ng
the exi sting &QRAYIS reditD el bl L4 y portion secured to and passing
t hrough t he flrarre flltﬁtue ]v%nlt(ﬂ atﬁ'ﬁggq{? EIJone inversion curing fluid port
posi tioned t bet en the two glands. Each gland has two rigid nenbers.
In one enbodl of *PReYRRFEHY§edm), cap ey aseher Tiegppaftisdssignsmbest on one

side and a ccaogmem&tpl@gar@ppascﬁdledbn&phﬂﬁ;%hb %mmguge,ng{ma{ 1hE9pJaParn[§‘ t he gl and.
Al ternativel Yeill aceable fto formthe seal. The

first or upstx}”eé{lr%caﬁe Wr“llg“ F’r‘&i‘fr P lﬁt'h%’éce%‘ér}?ﬁ‘r‘ iﬁejé"”s‘? Briesseadhiig Graedby dic fi xed over
the rigid nerisets! it ordirs irceafcanaiibic Givenfon andd e alcsepbardw h A bhe cure
cycle. Preferah are tu es, Wth the inverted
portion of the |‘“?H‘“’eﬁr€’?§‘r@%”\‘f?6f’qr¥§? @)‘1‘"% fhe e PSRt Bﬂ%% éé‘égbﬁ‘é%ﬁﬁt"éﬁw BMintto forma
sui t abl e st edi? deaprarthe awletondlf and dided bandf ihs matbeﬁ@ avdriexednhgap during
the first habdsRfiof ReyLiMeTSdMMide PG00 1 Lhg, Lhigkness of the liner. An
i ncrease in inversi onb%regsuroe oeg%gqﬁmgmg RIS A& P51 ure on the
resin i mpregriEtH” Elpéror byopre FTHed g tis @Wrmcdlhyrtéqr inveitiug ddidt oiiehe entry

frame that passesent htv&ug;humg cfatcgﬁttcs@%%%% dng é%Qﬁ] Il Hﬁﬁm{ gined dry and
not |rrpr egnat | east one ort or I’OdUCtI on of

i nversi on anﬁﬁ'?ﬁ%’hm&ﬁ&% “f‘T'uﬂB”I”b“”f“df“l’?é%?”t’??ffb‘&g‘?ﬂ1 hEiclial betvgkn thhe dry
portion of | imvering CIPPainprafl ekried enbodi nent of the invention a first port
between the two glands is for entry of inversion fluid, such as air and is
al so used fokydiR rodeun the curing phase. A second port
is installed |n { " Qift%iﬁ dt)!dl'(m pme 4 gFlSl%‘lm %lﬁ‘e("?‘%ﬁ‘gﬁg “&IEW%E‘W eam of the
second gl andﬂfl?)rlhq Lﬁi? Pﬁﬁwr i!’@ripc@ﬂnmnv@rzswmw It daherg sumjanas airrmvf.@r i nverting

the liner. [@02dklxn b@ﬂ&r%ﬁ@@g\'&f nﬁ&} hQ&,m% hc?u! p‘(a%%’iu 1%10st i I\éﬂ%[l n}u he dry

enhancemnent iﬂl eeve of an Hfg%de]g teria
inl et porti oh of “EHEN? 0 &p7 Rt ‘5?7%29?’{#{?‘6(?0@1%1@ OF Whieln awfitchrppipér meabl e
| ayer on thehotth @ff téi"&tlfcacﬂhﬁﬁl%tésycs l@lﬁ@l@&@ it m&&qgé@nﬁyhﬁstg[i ﬁ%tngf b ?Q of the

i ner securedl L* E ame. The sl eeve facing the 1 nper ayer of the
inverting | i RE8H"&% '“B*&“ FEepPloeR fukert e ip |"ﬁﬁd"f”e“w}iéhﬁ“ﬁ%ﬁiSﬂlbrifim»hr ough the
gl and. provide advantages over water eversion for small diameters. However, the process

deseribed does not provide for use of a lay flat hose for introduction of steam.
Moreover, use of & puncturing canister disclosed in these patents is not suitable for
medium and large diameter liners. Generally, medium size liners are considered to be
those between about 18 and 36 inches in diameter. Large diameters are those in

excess of about 42 inches and larger in diameter.

[G019] Accordingly, it is desirable to provide processes for improved air

inversion/steam cure installaiion of CIPP liners that allow for use of a hoid back strap



[ 0024] Sel ective opening and closing of the glands all ows passage of a hol d-
back cable or strap to control the speed during the second half of the

i nversion and passage of a lay flat hose and steamfitting for introduction
of heated air or steamduring cure. Use of a perforated lay flat hose for
steam cure allows for introduction of steamalong the entire I ength of the
inverted liner to avoid the consequerfices of accunul ati on of condensate that
often leads to poorly cured sections of liner in steamcure processes. The
dual glands allow for the lay flat hose with steam attachnment to pass
through the frame and into the inverted |iner wthout deflating the |iner
prior to intrdddietiabirsefordifingor pluitgm pledheiypicd lngria sHy PPBE*hose has

al ternating hakesiier MBhapbRNgckibSs shERghdut RBAKy henedge: lickypricadl y, this is
1/2 to 11/2 inches fromthe edge of the lay flat hose. This pattern of

hol es i nsur es™8{"28 FPALET BN Bf steam at the bottom along the frill Iength of
the liner regardless of the orientation of the hose. 100251A sanple and
porting sleeve with at | easBSUbARMOIMBIRINEENTHUNKhead fitting for forning

an exhaust port in the distal end of the inverted liner for receiving a

porting tool [gB0)be RRSdAiy &ﬁtnﬁgﬂnﬁﬁ&mﬂhu@@ @ltx@féqﬁ@ﬁudhohrétucd @ngigcet he
inversion is sto ped with the dist end of the |iner ured Ey t he

porting sl eevd®! "‘p‘ér“i"e'ﬁeé;1 R e el atﬁ’é PRGBS Y éﬁ%"":& BREOBort in the
i nfl ated I|newuigmu@dnush@hhﬁmthausﬁmhﬁs&Mmswemnﬂq&ﬂﬁdaﬁﬂnhhﬁmmmhaust por t

and steamis I (Pc, *mn d'lO i3 qncluc\ca an open ﬁdlgb 01 S CUMA the ]‘;Tlnc ma§e to cure
b [0\ ‘g "t e d’? e f f B!

the resin wth verte
10026]AccordnwghwlcﬂMﬁsmangbbwe@maﬁmt$hanwhw@ﬁwW©n“ﬂaimﬁmVMdeham i nproved

net hOd Of I nv%ra !'IO.nglL%égDPﬁ\‘ld {]ﬁ%EOHg[SOIQ(%IZLIgtOhéI%lgngh %%(Ed (P(pj f&%ﬁtlﬂ"o'c{i} atl he

i nvention to provi ua appar verting a CIPP liner with
air and curi nmgahiirtiyesioaam [0028]It is anot her object of the invention to
provide an inproved nethod for air inversion and steamcure of a OPP |iner

with an apparbag havi Elgaelfdugﬁ @mdd;t@ﬂnel@|0ﬁfhd$nve£t(b@2&] ihterdisn @Dpfaﬂdiruﬁ her object of
the invention to i nproved net hod mhe ein g cur | ace pipe
u

i
liner is |nvéFt5@R ?%“ﬁ%?maﬁ CBW@HMWFﬁW”sféQﬂV%TFW POdEWI%f?ﬁg the |iner
after bei ng pagicthoaedeweduRidno tHagragxiissibvangd aapdised through first and second

glands prior to entering the existing conduit. The liner has a dry portion secured to
and passing through the frame fitted with at least one inversion curing fluid port
positioned {0 be between the two glands. Each gland has two rigid members. In one
embodiment of the invention, one member is a fixed member on one side and a
cooperating opposed displaceable rigid member to form the gland.  Alternatively,
both rigid members may be displaceabie to form the seal. The first or upstream gland
may include compressible facing material fixed over the rigid members to insure
formation of a steam seal during the cure cycle. Preferably, the rigid members are
tubes or pipes with the inverted portion of the liner providing sufficient compressible
material to form a suitable steam seal. The second or air gland is set to a fixed gap
during the first half of the inversion depending on the thickness of the liner. An
increase in inversion pressure does not require additional pressure on the resin

impregnated liner,

[0022] The portion of liner secured to the entry frame that passes through the

first and second glands is maintained dry and not impregnated with resin. At least one



100301Yet anot her object of the invention is to provide a nethod and
apparatus suitable for air inversion and steam cure wherein the liner is
inverted through a segnent of liner formed with at | east one port for

i ntroduction of air and/or steam [0031]Still another object of the
invention to provide an inproved nethod of air inversion of a OPP |iner
with a hol dback strap and lay flat hose for introduction of steamto cure
the liner. [0032] Still other objects and advantages of the invention will
in part be obvious and will in part be apparent fromthe specification.

0033] The invention.accordi.n rises the s veraL_sEe s and the
Eelatlon of dﬁé B?iﬁﬁP@“8F“@88%m§?8 L anff ﬁ‘?@g%gﬁplfg”WﬁéﬁﬁﬂﬁBﬁ§ and the
appar at uses pﬁﬁl&esmdr}gmttlme of Bat Uheprefigred pﬁbd&d’hﬁﬁn ande nedndith ONrsofortel ement s

whi ch are ex | ed, tihe detail ed di.sc and c of the
i nvent | on V\A | egt {Ihh ?&C@'mds is. {or (il]ﬁ n\ 61510]1 hlé éﬁ?ﬁ.ﬁfb}{rp%{() THE .
DRAW NGS [003nq$h@maOfﬁmmeWﬂumﬂ@pgﬁamﬁﬁng\aﬁtheﬂmnvﬂnhdunhewéiefence is

had to the Tahd o RgACHCHE RLLOMWAER blng QRS LLAD Y bllod0f.B6COMPanyi ng

drawi ngs in which [ 0035] F IS a sc ti € perspective view of an
appar at us Wi tlﬁvcm|ﬂullq @icblas air f()} 1nvcztmg the liner,

[0023] In one embodiment of the invention, an inversion enhancement sleeve of
an impregnable material may be placed in the dry inlet portion of the liner so that the
inverting liner with impermeable layer on the outer surface easily passes through the
dry portion of the liner secured in the frame. The sleeve facing the impermeable layer

of the inverting liner can be [ubricated o facilitate the inversion through the gland.

[0024] Selective opening and closing of the glands allows passage of a hold-
back cable or strap to control the speed during the second half of the inversion and
passage of a lay flat hose and steam fitting for introduction of heated air or steam
during cure. Use of a perforated lay flat hose for steam cure allows for introduction
of steam along the entire length of the inverted liner to avoid the consequences of
accumulation of condensate that often leads to poorly cured sections of liner in steamn
cure processes. The dual glands allow for the lay flat hose with steam attachment to
pass through the frame and into the inverted Hner without deflating the liner prior to
introduction of curing fluid. Preferably, the lay flat hose has alternating holes formed
along its length near the edge. Typically, this is % to 1% inches from the edge of the
lay flat hose. This pattern of holes insures distribution of steam at the bottom along

the fuil length of the liner regardless of the orientation of the hose.

[0025] A sample and porting sleeve with at least one pre-installed bulkhead
fitting for forming an exhaust port in the distal end of the inverted liner for receiving a
porting tool may be positioned in the distal access point. Once the inversion is
stopped with the distal end of the liner captured by the porting sleeve, a porting drill
may be used to form an exhaust port in the inflated liner. An adjustable exhaust hose
is connected to the exhaust port and steam is infroduced info the liner through the lay

fiat hose to cure the resin without allowing the inverted liner to deflate.



glands for air inversion and steamcure of a cured in place pipe |iner
constructed and arranged in accordance with the invention; [0036]FIG 2 is
a schematic right side elevational view of the inversion apparatus of FIG
l; 10037]FIG 3 is a perspective view of the inversion apparatus of FIGS. 1
and 2 with an installed CIPP liner and air and steam connections in place
during steamcure in accordance with %he invention; [0038]FIG 4 is a
schematic view in cross-section showi ng the position of the glands of the
apparatus of FIG 3 during the first half of air inversion; [0039]FIG 5 is
a schematic view in cross-section show n% t he position, of t he gl ands of the
appar atus of 8P 3 drccqrdiaelyal fswiy oest §F Thsr nysater & BiRYids op4uPrrd 6 is a
schemati c Vi ewethdd o€ O&SnSECIPPOIRershow ng the position of the glands of the
apparatus of FIG 3 during the second half of the inversion; 10041]FIG 7

Is a SChermt'[%Oy’}]eW '11“1 8110%161 OH_%:]?E){t?Dm%Q 1011{2) 10\!1(&‘, apf?ﬁll[%%ﬁglf}%];‘ésqe gl ands of

t he appar at us FI G ersion, is a
schematic vi ewalnlg@rffé%%hlsewﬁil @lndlsih@mmmglﬂtdtf@mpr epar atory

[0028] It is another object of the invention {o provide an improved method for
air inversion and steam cure of a CIPP liner with an apparatus having rigid dual

glands.

[0029] It is a further object of the invention to provide an improved method
wherein a cured in place pipe liner is inverted with air and cured with steam without

deflating the liner after being positioned within the existing conduit.

[0030} Yet another object of the invention is to provide a method and apparatus
suitable for air inversion and steam cure wherein the liner is inverted through a

segment of kiner formed with af least one port for introduction of air and/or steam.

{6031] Still another object of the invention to provide an improved method of
air inversion of a CIPP liner with a holdback strap and lay fIat hose for introduction of

steam to cure the liner,

[0032] Still other objects and advantages of the invention will in part be obvicus

and will in part be apparent from the specification.

{00633} The invention accordingly comprises the several steps and the relation of
one or more of such steps with respect to the others, and the apparatuses possessing
the features, properties and relation of elements which are exemplified in the detailed

disclosure and the scope of the invention wilt be indicaled in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

{0034] For a fuller understanding of the invention, reference is had o the

following deseription taken in connection with the accompanying drawings in which:



steps to couple the lay fiat hose to the steaminlet prior to cure;
[0043]FIGS. 9(a) and 9(b) are schematic plan view and cross-sectional views
of a flexible porting sleeve with installed bul khead fitting for use with
the inverted liner; [0044]FIG 10 is an enlarged cross-sectional view of

t he bul khead fitting of FIG 9 showing, the details of construction of the
porting an inverted end of a fully irverted liner is captured by the

sl eeve; 10 [0045]FIGS. 11(a)-11(g) are schematic views in cross-section of
t he procedure for forning an exhaust port in the inverted liner captured in
the porting sleeve of FIG 9, and inverted cured in place liner entering a
sampl e and pdf¥3Shg pife,! lﬁéfsalreéldaﬁaumiéfﬁ V&e}r?wgﬂww Wit d 1iglgd t ool

[ 0046] FI GS. |g2(1@s)foﬁzlﬂdmi&£(t@) diﬁrsﬂm%&h@fmtilc@ruﬂ/hﬁ%eIp[@eﬁlﬁlﬁ&‘énﬁleﬁéd &a of the
steps for install te drain in the distal end of the inverted

liner after 68?1%38? ﬁ‘g&“ aﬂ‘é“‘%‘%hé SEHEWR in FIGS. 11(a)-11(g); [0047]FIG 13

is a schematic view in cross-section show ng the position of the glands of
t he appar at ugoeds] FI GFi@ it b @hdnlasit eadn Sidpplayathaslevial t @chedniciiopr epar ation
for introduction oﬁﬁ§{eﬁn1for curing; and [0048] FIGS. 14(a) and 14(b)

i1 lustrated aRCEXRAGS porting technique suitable

[0037] FIG. 3 is a perspective view of the inversion apparatus of FIGS. 1 and 2
with an installed CIPP Hner and air and steam connections in place during steam cure

in accordance with the invention;

[0038] FIG. 4 is a schematic view in cross-section showing the position of the

glands of the apparatus of FIG. 3 during the first half of air inversion;

[0039] FIG. 5 is a schematic view in cross-section showing the position of the

elands of the apparatus of FIG. 3 at the hailway point of inversion;

{0040] FIG. 6 is a schematic view in cross-seclion showing the position of the

glands of the apparatus of FI1G. 3 during the second hal{ of the inversion;

[0041] FIG. 7 is a schematic view in cross-section showing the position of the

glands of the apparatus of FIG. 3 at completion of inversion;

[0042)] FIG. 8 is a schematic view In cross-section showing the preparatory

steps to couple the lay flat hose to the steam inlet prior to cure;

H1043] FIGS. 9(a) and 9(b) arc schematic plan view and cross-sectional views of

a flexible porting sleeve with installed bullkhead fitting for use with the inveried liner;

[0044] FIG. 10 is an enlarged cross-scetional view of the bulkhead fitting of
FIG. 9 showing the details of construction of the porting an inverted end of a fully

inverted liner is captured by the sleeve;



for smaller dianeter |iners. DETAILED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS [ 0049] An i nproved nethod and apparatus for air inverting and
steamcuring a CIPP liner in conpliance with ASTM F1216 Standard Practice
for Rehabilitation of Existing Pipelines and Conduits by the Inversion and
Curing of a Resin-Inpregnated Tube is described. The nethod and appar at us
arc well suited for the installation!!6f nediumdianeter OPP |iners working
fromthe surface through structures, such as nmanholes to rehabilitate

exi sting buried pipelines and conduits. [0050] An inverting apparatus 11
constructed a rra rdance wth the |nvent|on is showmn in FIG
1. Appar at us ¥%4ﬁ qﬁ?g Qﬂpqi UGS HERETOHTY I 68 i A s regedVer t he

i nverting accésﬁxmmUBMemmundutm1&nnhﬁmiMmedmmﬁﬂpamabmangﬂawsoﬁmbr|cated
from et al baps,@ukalien b, SRR L A9 Rl prsnty dth v
i's substantlaﬁkyxﬁ@ébaﬁgukaﬁ&ﬂmﬂxhe |IIustrated enbodi nent and has a
rectangul ar entry opening 13 with a plurality' of hooks 14 to secure the
inverting lin Cpe ow the dry
portion of anﬁllrﬂtl}ﬁ/er ¢ E&@Q llga)raﬁflﬁb)t I‘é géﬁgﬁﬁ% vu&w 11??10? 1 1 09!&( leh:a be

i nverted thro@gwﬂéhﬂ$wmwé@ﬁﬂﬁ@um3ﬂmeﬁﬁm[QQSiﬁFﬂamﬁﬂlﬁuhéklmnhenmﬁn "h"
sufficient tomgugggﬁﬁwaniyj§q1@§]M@strean1gIand 16 formed of a fixed gland
nmenber 17 and an opposed cooperating displ aceabl e gl and menmber 18
positioned adjacent to entry 13. A pair of air cylinders 19 are attached to
the ends of fl“&ﬁﬂ 12 Hfd! %‘éﬁﬁ@@t“é’ﬂ? Yigy i spbactabilevinstiyarositien ¢fghe di spl aci ng

nmenber 18 t ovakids of ihX @ﬂnmﬁﬂbﬁ! Ficd B wikiDait i@t dubM$ thf)@:ta%guh@mofgé AEAL, cylinders
19 are pneunafic i nders with |inear guide bearings 2da Cylinders 19

may be any ne hﬁH?%ﬁTm%¥6§?%§”ﬁ@gﬁaWan1or nmot or of any type, such as
hydraulic or electrical, or a nechanical clanping nmechanism [0052] A second
or dommstreanﬁmkand 2&6£0ﬂma¢nan4®hemaa&ﬁaﬁ&ﬂﬂ@&»@ﬁn&&&ﬁﬁqﬂi@MQﬂ&G has a
rigid gland ”F ” (? to frame 12 and a noveabl e gl and nenber 23 on a
pair of Iineal’ %ﬁ? ‘W&ﬁ?ﬂﬁﬁ% 20b with an attached air cylinder 24. Height
"h" of frame 12 is selected to provide sufficient roombetween first gland
16 and second gl aBdi2L0DESCRIPTENOE THEPRERERR EpeMBGmstallised in the dry
portion of an inverting liner for introduction of air and/or steam An
inverting fl ujggdqdnl et of L of .the inverted
i ner and posvﬁf%ne :mpmﬁgmﬁgg%ﬂggggngﬂnhﬂ;%h§i9$¥ g e Sﬁﬁm h“mﬁ% hol e
access. A con%Wéﬂ@mdéé%Wﬁﬁﬂ$OﬁﬂbﬁbHﬁéI$Mﬂ%@¢@mﬂ*n@@tﬂ#Mahwdmﬂpowts will be
set forth in mfnﬁg @?Je@lb aJQue(t@Wum[190&3571@5:&%7(1'& Mé‘bf” 9‘???39; dﬂgb%gén{@ nt of FIG

I, flame 12 hfg $ase 25 forned of two side tubes ded to a
rectangul ar f hfs‘f%ﬁﬁd2§“TBﬁﬁ%ﬁmﬁﬁwaﬂﬁﬁt¥6ﬁ$ﬂGw@dég m%%bwvéwﬁpﬁal si de
t ubes 31 and Béﬂualmdiaﬂmtlﬁglmubﬁr933@13\1}({?&";51110[5& mﬁﬁd&eﬁncﬁéh andudl, akeayel ded to

base side tubes t chi ng rectangular back frane
34 formed of 'A"BY T%ﬁ$¥ﬁﬁ5“3%“8ﬁa8“‘ﬁaémPﬁﬁé “@9m§nd 38 and a top tube 39
is welded to base side beans 26 and 27 in the same manner as front frane
28. A pair of[0pFtHst hbTWZ@ﬁmamngh@mdlawgpwwtdmmmemaﬁﬂmamdm&@cdﬁnmecured
bet ween frontysid&sbiRES ot 2 0f. n bes 37 and
38 of back franéE Zﬁ |n$\aﬁfﬁﬁ}3 ’gﬁﬁﬁ%g Fm pot ﬁééb%ngigm%ngi

secur ed betme%ﬁmP$%ﬁWUTwaﬁ@NQ@aaﬁéébabwﬂﬁpaWEt34mﬂowéuphmmamsétond gland
21. Four angl @ehicaldPRoh tnddBES oABbesdd (A8 BN 199858, Wehded Jhet ween the
front and back of S|d§ tubes 26 and 27 to provide stablllty to frame 12.
Whi | e angl ed ‘SuUpport® dlbwed gredshontpre e figercionbeeinsielided frdwst 13 éet angul ar

support nenbedusstfnesim lmgal%u&'[ thlﬁﬁymbﬂudlﬁﬁﬁbcﬂ@enpF:ﬁﬁ/ heder RoMRuleh REP! at f orm at

or about the hei.gh
opumq ¥3 w:th a &mdﬂ} oglhoo ks 1'% to secure the inverting liner. Opening 13 has

a thickness “t” selected to allow the dry portion of an inverted wetout liner 1o be

secured on hooks 4 and be inverted through entry opening 13.



17 10054] Air cylinders 19 and shown nounted above first gland 16 and second
gland 21. Each cylinder is connected to a coupling so that runs on a pair
of l|inear guide bearings 20. Air cylinders 19 each have an air coupling 50
connected to an air switch control board 53 shown in FIG 3. [0055]Fi xed

gl and nenber 17 and di spl aceabl e gl and nenber 18 of first gland 16 has a
conpressi bl e high tenperature resistdht blanket 54 and 56 nounted on the
opposed mati ng faces. This conpressible material 54 and 56 will conformto
and tightly engage an inverting liner with a hol dback strap and lay fl at

hose as they Pass through first gland 16 during the second half of the
i nversi on. O3 t i s b adeiehy "8 sakedsat 191 OB s iss UpiiEam g8dn a

sui t abl ﬁ conf uijmm oS £akedWinan nfclnbﬁg’]?lhcﬁd’hd)pﬂ&ed ﬁ)r{;gélgﬁl%ghsgldédgm' gmcfeam cur 3

[ 0056] The r|g| co n ose mber and_ of secon
Gand 21 ey BERT L SR O PR R 0 SR abtioT B DRHal Ry e Soes. by

wel ding a smatlhb erdb affietner 1 2ping eorhectddeadispl 2abdinde 23 08 fobyispisdimegndnitees or pi pes
for menber 22,apd, i u surface for
engagi ng. the. | pusfad iy 885, fbe A5 BrE iOSEn s TRRIGE T (20
during air inwersitiomi Dlirdengwithéngt anitle brdngsi 305t dibderof the b aver si on,
second gl and @échblﬁca?k;@éﬁdmw}aﬁsﬂ'a%%?@f ﬁ?‘{’f% Qfn QQ%PauﬂPw eidh RS the

t hi ckness of the |iner by use of a gap setting device. evi ce may be
appropri at el yV$imEenicplEEneIPEbEEon gui de heari ngs 20a and 20b. Once the
hol dback strap and lay flat hose pass through second gland during the
second hal f ofoostie i nvesshdby ddWhergapiol 23 66anrd ngltlﬁrb‘dmajamin&r nedueed to

about tw ce the I By I thlckn SS 00581 u H? structi on,
an increase |Q |nvef |nﬁﬁbﬁTwﬁr%%%ﬁ?%z&??F§‘E%geH B Pﬁﬂ@? bt Fﬁgert
wi t hout requi memigr 8k oh pgrgad dinan ¢ pﬁeﬁaumg:mh\mmemhmmﬂmdamcﬂemand gl and 21

by rTenbel’ S 2(211"1&%9 ggof ﬁqc’ll{b 1Qr1§§c§é&e§ t(g §O9XL klﬁﬁ(ﬁ{lﬁ% 4] P‘l m¥ee{] %] Igf;lll(??rsed to

prevent gl an fromopening t I'ner t hickness.
The gap adjus@ﬁéﬁ@“@éwﬂéél1@@bhﬂasﬂ@®aé@n@ﬂphﬁdbdHoﬁwghrdahb@afﬂmgs or

threaded bol t §vdh@vigRt R ifRAHGHE QPP tnd 81 IRP AEXNCadnS Al if8Sored. 13
installed in the dry portion of the inverted lner and positioned downstream second
gland 21 and before the manhole access. A complete description of the liner and

installation ports will he set forth in more detail below,

[0053] In the illustrated embodiment of FI1G. 1, frame 12 has a base 25 formed
of two side tubes 26 and 27 welded to a rectangular front {rame 28 formed of a
bottom tube 29, two vertical side tubes 31 and 32 and a top tube 33, Vertical tubes 31
and 32 are welded to base side tubes 26 and 27, respectively. A matching rectangular
back frame 34 formed of a bottom tube 36, two side tubes 37 and 38 and a top tube 39
is welded to base side beams 26 and 27 in the same manner as front frame 28, A pair
of first horizontal gland support fubes 41 and 42 is secured between front side tubes
31 and 32 of {ront frame 28 and side tubes 37 and 38 of back frame 34. Similarly, a
pair of support beams 43 and 44 is secured between front frame 28 and back frame 34
to support second gland 21. Four angled support tubes 46, 47, 48 and 49 are welded
between the front and back of side tubes 26 and 27 to provide stability to frame 12,
While angled support tubes are shown, it is contemplated that rectangular support
members forming a step may be used to provide a working platform at or about the

height of second gland 21,



[ 0059] The seal around the inverting liner is created by the dry portion of
the Iliner itself so that the seal has an identical profile and di nension.
Thus, it is not necessary to be concerned about formng a seal at the edges
of the flattened liner. The length of the edge perineter of the flattened
liner is mninmal conpared to the |long sides of the flattened |iner so that
stress on the edges are mininmal and rd addition closure or support at the
edges is needed. This allows use of straight rigid tubes or beans to form
the gland and seal. The process and apparatus di scl osed provide an

advant age ove ior art jnversion devices t hese | atter devices formng
a seal gt thehggges N@’Hﬂ?ﬁ?éd??mb3€§ﬂ§§mP%% F Gelrgisd ds it sced! downst ream
of the seal qgmgbandumWEﬂadmhheﬁﬁamﬂtanca¢magkagﬁtdmeoﬁ@phheiﬁ t that the
al'and for Tortiededle 20 eRePORTERG Bl Fhe -ab S boabi Prasd Ebe . -
apparatus 11 mmmhumnONWWQﬁﬁQMﬁWMmékl101 secured to hooks 14 on entry
opening 13 during the steamcuring step. Liner 101 is manufactured with a

dry end regi o342 arlﬂxéd%lé{ﬁgﬂéh%eiQQQhM&;Medb}&sﬁan@ ﬁcq{belt fﬁ OMREL @laxliche
inverting I|ner enters the conduit to be reha ed. An aif Inlet port

106 i s forned§ h“‘sdFQ”’P‘@@’P‘%‘n‘“&‘O?W%é‘ﬁ%éé?ﬁ‘@é%ﬁ@‘ 5‘11 é}ﬁH%Z’Tméﬂhd opHkE start of
vvetout at regpend k08ng Adcsal Thl‘h&S}Qﬂ&lec infargianne gldesh ﬁm @nfonh b @fd port 106

and an air sour air/steami ort 108 is al so
installed in qﬁﬁ%?“fgalﬁﬁwiW%ﬂ”% &b%ﬁqWPﬁsﬁmﬁﬁa 'YE% CRYRSBBONE gl and 21.
A stean1hose1mﬁ9glﬁhwqﬂpﬂeﬂiwmngleﬁnmxmheﬁamofuuﬂﬂﬁmamd t v addpin] er (not

shown). [0062] , ) | on.and the position
of first gl an ﬁ?% ai%%%gtté%ér?é cm(r 6w ]g(zl]_m vl ab% ob 01111;11%?%1}“}33:1 first g E!b lete and

during stean1EU$@9%#@me,b&ﬂﬂ@Wﬁgland 16 is closed formng a steam sea
above steamentering steaminlet port 108. Second gland 21 is open allow ng

steamto pas S{GU'M]O t hgel 13%?5506@31];18%% asdDhacdshirop@ibelsay fliab Jpoge,d nstal l ed
with liner to affect_ cure The sequence of steps of the inversion

and cure are WH\% P ’fcﬂﬁ‘énﬁt‘”é‘“‘?ﬁ%é’&ﬂ%éé” i “F“I“E%S“‘&C‘tsé‘y 8B i ng the

first half Ofsntahemhﬁ\éep@i: Qﬂ}duﬂs :Fvlﬁd,,aﬂm icyluléﬁﬁ ugbaﬂcblpkﬁﬂl sme@pen2and second
gland 21 is 910%%

18 ey vcda qugfagc pmvxdcq a sn(tooqm %unlaco i%); e11gag,111£i§c inverted liner.

[6057] Second gland 21 forms the air seal during air inversion. During the start
and first half of the inversion, second gland 21 is closed to a distance apart of about
four times the thickness of the liner by use of a gap setting device. This device may
be appropriately sized spacers placed on guide hearings 20a and 20b. Once the
holdback strap and lay flat hose pass through second gland during the second half of
the inversion, the gap of second gland 21 is reduced to about twice the liner wall

thickness.

[0058] By utilizing this construction, an increase in inverting air pressure will
cause the liner to invert without requiring an increase in pressure on the liner at
second gland 21 by members 22 and 23, Alr pressure to cylinders 19 may be
increased fo prevent gland 21 from opening to a gap more than twice the liner
thickness. The gap adjustment device, such as spacers placed on guide bearings or

threaded bolts prevent a reduction of the gap bevond that desired.



t hi ckness of liner 101) using gap setting devices. Inversion air is fed
into air inlet port 106 froman air inlet hose 107 to cause liner 101 to
invert within dry liner portion 102b and into the conduit being |ined. At
the hal fway point of the inversion first gland 16 is closed to engage a

hol dback strap 111 and a lay flat hose 112 as shown in FIG 5. Lay flat
hose 112 has a closed end 112a. Then/!3during the second half of the

i nversi on second as shown in FIG 6, second gland 21 is opened and
inversion air is fed into air inversion inlet port 106 to conplete the

i nversion. Atjp#duis tig 21.1s.closed and first gland 16 is
opened as sh [wn |]n FI%S&?%%&Q]G% %‘tqgml‘ﬁ e i (’re‘aﬂﬂﬁ t?? F”étl’otjioar?é]t[TG is open,
lay flat hosem§1#eilso ¢ “&b‘@‘#éﬂ# B stentiphlaprdfit Gmarthasisit. eamselthowsi s at t ached
to the cut emﬂgcsﬁtﬁa% @tlnb@Wd]a%&n?d‘.qm@ e | owered
into frame 12 bet \c/ﬁ i rst ‘g g%%%ﬂlcl)e?gébssogg]g%ﬁaﬁfc}iﬁﬁ‘ 6’1[11 “and el bow
113 is attachad td the'er sgimes é‘lﬁfﬂa&i”l*fﬁéiﬁ’@dmnpmml TOBarchkt @ mati vel y, a

fl exi bl e | aybilat oatiaiencaray be ai Et@%@ﬁth%@d&b%w ) ﬂta]chf?c??dd%‘is' de of the

inverted regi ], into e al r/ steam por
facilitate tﬁg}%}é\gl ?qlll bm?‘m e ?dg(éfﬂf ' %ﬁ*h%‘@r‘%ﬁe pltyaightTigd Iuaﬁgsffh at adapt er

may be a thi feamsbaliam thg glagd belmdabllec Ij]iﬁi’c&ls afd %&{ﬁm\é\ﬂdkﬁoﬁd ptAfed,Profile
whi ch preventghhed §M,BeI, ed in ir/stea ort The tubul ar
portion of the “si [éevemlns |dﬁg]é\? i cg” 3’%&‘6&% “‘érﬁia‘”bqsr}%lﬁ g aipakatat and

i nserted int §etayeesi 1h|deffi<>lwotrepausérﬁue th\aysmnfdoaianch@selowﬁf,u{.h}elai fageged between
the flared I’@th)nlIQf: e islheave: he n Jay flat hose
112 will drop into Eebl ﬁvgrt agé18l1‘c|trs Bp[q{ttmat-ll_fémeé“ O(géhédm&n{%i‘“second

gl and 21 oper&Y"Hred Redorgthy P“%ﬂ’@%e“@@éamgdwélfe fasnishenmvieRiokla@  13.
1006511 n onecempedi.ment of the invention, an inversion enhancenent sl eeve
115 of an inpregnable material nay be pI aced in the dry inlet portion of
the liner to,foagi | itale, Spows nversi hrough the gland In this case an
inverting liner Wth inperneabre™ts Wﬂbﬁ“ ’c“h‘éwéu*ﬁ“‘érloétﬁ?%‘afééo badi |y passes
t hrough the #tep ﬂb?@ﬁ’top@mgdﬁ duties the neum @eﬁygtqd ILifler tlhglsfll{dg%tu, The;s! eeve
facing the imgramable 13%6s5 ;Qf 2ed Otln r can_be lubricated to
facilitate furltg her the |nvierlssﬁf)cr11&i? m””h HH @ﬂﬁl 18ﬁ‘§16'°15fb’@6‘]i]”tﬁslﬂmafter
conpl eti on of "Fh&eichidui 4 bweiwivwatuhvém &ir mrgetl ponan 10fimicg 1@@&&3@[0,11 n the
downst r eam apeesswepertng MQM CQ]Y;I-]U]RI{Q[ e 130 rted distal
end of liner, 101 as s shown i n o Uogno?ﬁ{e “iﬁ’otnﬂogt}\%lf” % liner 101
to deflate. A& R B’Il‘éP?jb%q(ldﬁ@)a”s<}“e‘évlée royshawmshown in FIGS. 9(a) and
9(b) is secured in the receiving manhol e. Sl eeve 117, that may be rigid at
snal | er di anéfetls, imchivdes ant ]&Xth@uSetaiQuH&hl%@% lfﬂe¥ R'glﬂlgl(%%eiﬁngq a

condensat e i 1 shows one fitting 110 in
Cross-secti g%%s(ghélglrdggn?&gm](e%a\?ggglé %‘39‘“&’%‘1 59‘?@}%“1’2?‘* %ﬁ‘fdb‘ollni»épomz . Sl eeve

117 is secur¥®d aad toptheiler émeishovng end of the existing conduit and |iner 101
is inverted through sleeve and restrained therein. At this tinme, an exhaust
port 130 andossgondefpahe: Q@rhp@% glg |k head fifting 118 and
119 having a fit é %3 eeve 1. ﬁ e’gq{lﬁgd“on T dh@ ClEYRO! {il?t usi ng the
procedure ol H&4" ?F“%‘rﬂ#é’ét%léﬁuvuﬁﬁvwz%s u@mpiauadndmrm&@@ﬁﬂ[cll:'rxhaust port
130 i s formetkratird hendietsadosenthfial k AR ded BEWSL \ | GS.

11(a) - 11(g) )OP 6§|?% ﬁ}yj 117 rmé m O?FrTé \?rtg%?g‘lﬁun ‘Q%L m 1?1C1C1PP li ner
material prdVi Wit ‘“Ei ddhereha %@aﬂwm Pthyidnie 19 irﬁvmiudfimcmmg second
port 163 forﬂnaugbdmf@mma;te@mdrhalxﬂtiﬂi@é RS iRl FIGS. 14(a) and 14(b).

[ 0068] A cap 138 is renoved and a ball vaI ve 171 is installed on fitting

sl eeve 139. |Bgl3f vak 7 le 172 installed thereon. A
hol e saw 173 WI? 5 Sch éﬂéé gfn%?m Fﬂe 1”'“1“8? f"éf(fp‘ﬁ AR FoBRdn $homatisd a t hr eaded
hol e saw st é“rﬁ‘ﬁh‘r“ﬂ“emﬂﬁégl %‘%é?culaedmtihp filsehadhe 1tm‘mm]p@i B 1’116‘24 fﬁetd“ 1 173 is
att ached tO"&tﬁ@%l‘?émeﬂdl Véak Vv f%i Qeene t 163 and drill
177 is started to cut a hol e 13g81']an 163" vﬁﬂ‘lg ﬁlal ngji (H}“hﬂjmﬁ? Fhepr essure in
| iner 101. Wen port 130 and 163 are fully cut, ball valve 171 is closed
and drill 177 and hole saw 173 are renoved fromfitting 131. Exhaust hose
61 is then attached to nipple 172.



[ 0069] Condensate port 163 may be forned foll owi ng the sane steps as
illustrated in FIGS. 11(a) to 11(g). After renoval of drill 177 a
condensate pipe gland 181 is placed on nipple 172 and a condensate drain
hose 182 is place in gland 182 to reach the bottomof liner 101. d and 181
is tightened to prevent novenent of hose 182. For smaller dianmeter |iners,
exhaust and condensate ports may be f'drned using a porting tool as shown in
FIGS. 14(a) and 14(b). [0070] Referring nowto FIG 13, steamis introduced
into attached perforated | ay flat hose 86 to initiate cure of the resinin

inverted line | ands osition as shown in
FIG 3. In an‘li“é’g?(‘."%S (iq"”“ @%’3‘8&“ AEH SPHL‘S? d‘i" e Hﬁ"‘*éii? 1 B f“ﬁé‘i}“ #if Wi R¥ke 86 is a
hi gh tenperatuméﬂmh@rmopﬂaémﬁnﬂﬁu@eM4ehmmhesuimvﬂtahbh@nrMmtbmﬁme ei ght
inch orifi Ces}O”tﬂ&ﬁd %L@ﬁte%gdtﬁgﬁﬁ% NedTBX: Y3 4 f‘(;i%pé({hql GQQElef m\etrsmn f { | er and

i ner size and orifices are crea Sival s at
al most one- ha$’imdi Iﬁdfhclf’%téifﬁ e dpideatk sergdd ! and @b}i)ﬁ@llhp@ lddgesowilre di stance

fromthe edgescmayLmafay hl@RENGHsRGI i 282208, &Etgigithe 33 i%iif{tqmo“ fice
pattern descrj bed BFOVIdes nmore_steam at_the proximal en ner 101 and

ensures good %Y %EV@ﬁSQW“Wd%é“ifQ“ﬁ%@dﬁ%@3¥wﬁ@%@@fm¢ﬁﬂﬁwﬁp§efinsures
t hat steam i sfed Ii’ljt@@fﬁ Qdf@ismtonlaﬂj)éitQOﬂ@E&)ﬁli})ﬂ@c B atvefsRh MBIt HNE sRbe 1 nvert to

cure that port th cove d by the condensate pool.
o8 Frost SRRt G okBS e ek dgy "

Steam i s provi roma gul ated by a valve
mani fold. The steamflow is adjusted to maintain a curing pressure of about
3-6 psi untill0gtle cydisitigecduplist eland DO 2pém lay ftay piscal2 IbN:Sit ablat i on,

orifices in lgy Jialm"at](hﬂged 5‘1&% Aok it) %(iEﬁQi t%t?f?él&u%ﬂ? I‘,@;ﬁﬁ CI%Q 113 n-a four

inch hose is folded and cut in an alternating pattern about hal f inch
in fromthe tOpesaky %blf‘t“?)ﬁﬁﬂif*etoﬁélef‘ dltelBame irblervepn st gtamﬁ:lfimid@@saie f or med

at each | OCatdeﬂdSlQmE hatants h%ethQB h@lttﬁi@ht@ri@ tl{eoilt:gi'es‘ildd & E@Ir'im%!nt}%qlnﬂ)tbl ng

pattern. Lay ﬂat ﬁ éﬁ* ﬂﬂ | osed di stal end and ange I n size
from about 2 ¢ HIYHERLND @ﬁ?h%@@?‘“ﬁﬂe ﬁW&ﬁeﬁePeBYﬂth%*@P$ Febs range
from about 1/i18e th@erfeh Ztgl(nﬁ\h];lidﬂ(ﬁ.d teh @t arakl ym@ﬁ:k\&ﬂﬁfbnﬂﬁb@ilﬂo Blik@tctig, 3/ 8 inch

in dianeter. endin , |c la esi.n sele ope having high
exot her m dur |a%1%8“ (r)rlesta%m 1o thc ime d(’ﬁj hg F‘?ﬁﬁ?té’fjap&i’ iy ‘é§ %&m ggéic eamis

require to cdnpweten@hemnuwemiiﬁn&bmeﬂﬁyem$q39mmnmehmhatquﬂmp&mforated | ay
flat hose rmythpﬁi/étsaﬁld;boif 019 %h)@itt Itth‘ia I O?H%a Lr\i& is mSC] Péilfntto tl?liilg ?oféf[is bei ng

install ed, a steame W or tached to
t he prOX|naI1@hﬂﬂémlmaywﬂhatmha@ePQQZUGBQwéﬂémmnwmcpaemmgbﬂﬂamEthM/113 and

excess |ay flgf.dhese, t%fjig%ﬁéeee di@’iﬁg ﬁgt tt*\%Qié&l‘mW (?a.tt hg;(.qngwillgd %gpu attached to

capped air/steam port t hen
securely cIoé@HmVﬁhﬂméﬂFﬁ§t§&h§é&bbﬁvmﬁééeﬁmégmfgC@@ﬁﬁédb@&thWEteani|nIet
port 108 on lswagrcydi®ds abeh ;agond. gl and 21 is opened. At this time air and
steam are introduced into air/steaminlet port 108 and fed through

perforated | EMG(Q] at r]lq e te:%bodiment of the invention, an inversion enhancement sleeve
115 of an impregnable material may be placed in the dry infet portion of the liner 1o
facilitate the inversion through the gland In this case an inverting liner with
impermeable layer on the outer surface easily passes through the dry portion of the
liner secured in the frame. The sleeve facing the impermeable layer of the inverting

liner can be lubricated to facilitate further the inversion through the gland.

[0066} Just after completion of the inversion, the inverting liner 101 is ported in
the downstream access opening. A flow-through port 130 in the inverted distal end of

liner 101 as shown in FIG. 10 is formed without allowing liner 101 to deflate. A



17 start warmup of liner 101. Once a 3F increase in tenperature is
detected at the distal end, full steamis applied to effect the cure.
Exhaust steam exits through an exhaust hose connected to exhaust port 130
at the distal end of liner 101. 100741The installation procedure is as
follows. [0075]1. A wetout CLIPP liner wwth a dry first end is turned inside
out and fed through entry opening and secured to hooks. The liner is
positioned through both glands into the nanhole entry of conduit. An air
hose is attached to the air inlet on the dry portion of the liner.

1007612. A 7" h haust f .air/steam
mani fol d to ot ERap eSS aRr e, Ao GLE arared it SHerar ur o
gauges (| ea) asréwborfiest ad7, tiet any di migslt @ amalimniifmetl, k0QdE7d3exAniz0l d back
rope and per fl?%igﬁ%fodﬁtkﬁ‘%w&j :ﬁ%laqg sg‘tre%ra%pm&%tufpumc 1 J]efiﬁt &‘% oxxgnd of the

CAPP | i ner. Bri cant Sorbent fel
| ayers at theﬁmh&étovbm?ﬁéﬂéﬁmawwé%ﬁhﬁk@®ééW@yGﬂémgﬁlﬂn%ﬂﬁwhdﬂ?Zport|on of

the liner. 1092&$Th¢ ,é. &%&@A L@M Qc@en%@gw&em@%\,gﬁﬁfc%mﬁ%h M GORRGSti on wi th
FIGS. 4 though 8 is | owed

inverted lhmugh blww dnd restrained therein. At this time, an exhaust port 130 and a
condensate port 163 are formed at bulk head fitting 118 and 119 having a fitting
sleeve 139 instalied in porting sleeve 117 using the procedure outlined in connection
with FIGS. 11 and 12.

{0067] Exhaust port 130 is formed at the distal end following the steps shown in
FIGS, 11(a)-11{g). Porting sleeve 117 may be formed from a length of CIPP liner
material provided with a second bulkhead fitting 119 for forming second port 163 for
a condensate drain 164 as shown in FIGS. 14(a) and 14(b).

[3068] A cap 138 is removed and a ball valve 171 is installed on fitting sleeve
13%. Ball valve 171 is closed with a nipple 172 installed thereon. A hole saw 173
with a drill stem 174 is inserted in nipple 172 and a threaded hole saw stem guide 176
is secured to the end of nipple 172. A dril] 173 is attached 1o stem 174. Ball valve
171 is opened on port 130 or 163 and drill 177 is started to cut a hole 130 and 163
while maintaining air pressure in liner 101, When port 130 and 163 are fully cut, ball
valve 171 is closed and drill 177 and hole saw 173 are removed from fitting 131,

Exhaust hose 61 is then attached to nipple 172.

[G069] Condensate port 163 may be formed following the same steps as
illustrated in FIGS. 11(a} fo 11{g). After removal of drill 177 a condensate pipe gland
181 is placed on nipple 172 and a condensate drain hose 182 is place in gland 182 to
reach the bottom of liner 101, Gland 181 is tightened to prevent movement of hose
182, For smaller diameter liners, exhaust and condensate ports may be formed using

=
a porting tool as shown in FIGS. 14(a) and 14(b).

[0670] Referring now to FIG. 13, steam is introduced into attached perforated

lay flat hose 86 to Eni%ia_te cure of the resin in inverted liner 101 with glands 16 and 21



[ 0080] As shown in FIGS. 14(a) and 14(b) a PVC or rigid pipe sanple nold of
nmetal with an exhaust pipe assenbly 161 with a nold 162 and steel pipe 163
in the far manhole and align it to receive an inverting tube. As the
inverting nose nears the far manhole, the inversion is slowed to allow the
liner to enter sanple nold 162 and steel pipe 163. The inversion is

st opped when the nose of the invertin§ liner is about one di ameter past the
end of sanple nold 162. [0081] The hold back rope is tied off and the
inverted liner is ported by inserting a steel-porting pipe 164 with a

pi erci ng poi Nnin lﬂiﬁjﬁ)sﬂﬂbn EMG&I\@WG endy, ﬁ‘lp&eﬁll}}ég} e\{}%oajﬁl%rétj)tf 4 dRREL G A flange

or o-ring 168ﬂ Tﬁ’lp d a point on portin preven yp| pe 164
from pi ercing tHe&™S 5’@ tEPRFE Y “’FWé)pfaﬁil*FeiF‘be 4 !l!@he[s@mglzl}lﬁmt:‘r’@vmnber who is

responsi bl e f@ghtpmmtmngcsno‘m §1.te€t§dts}5'b@mbrlﬂ)é R'Eﬂyr&igpmﬁﬂgoﬁ h@%o;ﬂ:?ahcﬁm{%f eparl ng to
port the mvegl;caq]dlénn 59 1? éw prepared to a jbust the supply
air to maintain res§ure ot Cﬁ%dlfﬁv P EPrF ‘?’féP“‘é)Yi‘é“é“ pimopage-pdéicipor t ed.

[0083] Once th@nIiilméﬂdaha;Sgdsaenplﬁauma@s# ufrhey dip@dide Fbm RRIubAInAi ALy val ve 167

is closed andy@md&xnaust sd with a valve at the far end i attached to
porting pipe (v? lve “167. E&n‘fgl% of the exhaust is now at the far end of the

exhaust hose. bg 84] At the conpletion of the inversion control of the
exhaust is nol the Therifieapytisn deshriébed whpaisist mproseam Tiae wxhalalsdndv:al ve and

air inlet regieator mﬁr @15@@5 U&)Uaﬁil\ﬁﬁ H&AMI &A1 20, u@tt%elﬂ:dgoﬁgs fLow and
recommended heat \RH]E) ﬁie pressure. Exhaust and condensate ports are

instal | ed as 'SH&Y ‘EI’ é@f“ci‘f(”él)’ apcopdqte thigo@s i He phvsitivert towtput i s shut

and t he steanhsugplion clsfoﬁae résg At hached.dveed e (R Emﬁ&aﬁﬁ@‘pﬂ@im sl Varmup is

then started er acet ature at the O clock position in the
far manhol e |psia-\!r?r§brcli| fp) i dé‘ea"fﬁ’é‘i ﬁ[ﬂﬁs Eedan &y p "ﬁ'i"kPUP’g)"é hglﬂ dedpe about

180F and contfimue asﬂmsiicﬁ t4 heimgin & caingFprésnct easuab-cteuintaeiaae d n the far
manhol e. O“CELDWHE* up is conpleted, the anount of air in the air/steam
m xture is slowy reduced to zero and full steamflow is nmaintained at 225

to 240F at tqﬁomcomrended cure pressure. Full steamcure is continued for
between | to urs & ‘i”lé?fui"lsﬁﬁiﬂ“ﬁépéﬁ@?wg losh Dot N 2ama frhéccdness of t he

l'iner as wel lonasock Bgwisiteh QWA iR h&RVY HRARITEN cut in an alternating pattern about
one-half inch in from the top and bottom of the folded tube, Thus, two holes are
formed at each location so that the two holes are formed in an alternating pattern. Lay
flat hose 86 has a closed distal end and may range in size from about 2 to 8 inches in
diameter. The diameter of the orifices range from about 1/8 to 1/2 inch, and
preferably between about 3/16 to 3/8 inch in diameter. Depending on the particular
resin selected, one having high exotherm during cure may only require smailer
orifices as less steam is require to complete the cure. In some systems, more that one

perforated lay fiat hose may be used.

[0073] At the same time exhaust port 130 is being installed, a steam elbow or a
flexible layflat adapter 113 is attached to the proximal end of lay flat hose 112 above
entry opening 3. Elbow 113 and excess lay flat hose 112 are lowered through first
gland 16 and attached to capped air/steam port 108. As shown in FIG. 13, first gland
16 is then securely closed, and air/steam supply hose 109 is connected to steam inlet
port 108 on liner 101 and second gland 21 is opened. At this time air and steam are

mtraduced into air/steam inlet port 108 and fed through perforated lay flat hose to



_ . lowly shut off and ?.il‘ i's
cycle is conpleted, steamis s l'i ner

g?ﬂﬁfggﬂggugrg ggggd ¥o mai nt ai n th? ;gconne?ggdofuLﬁtP{efﬁgr?htlrface

. m ni mum o m nut e I

S Lhen COOl?S gggﬁ L?rtﬁe far end, whichever is |onger. 100871§t$222ﬁg§p Y

s Uhen shut of f at the boiler. vhen O S hose o eSSy conplete,

'S thenhs steam supply hose is disconnected. Wen cool pmnreleased and air

AR go ressor is shut off and pressure in air hOSﬁ Ians are removed

Lo ?I rhosrerpis di sconnected. 19 [0088] At this tine, tnﬁ rd procedures.

fSlrJan %/he | i ned S auid! Hear v édnee e!3FISfﬁla1_eels@ﬂ1ftb!t§¢]egzﬁér§}psgietéag%cg :}t@}eldy;t Il known

[0089] The f1 exibl mn}g%ﬁd% Jﬂp?lrhgil nt?%ffec}t 'é;gagrlre'ofpgﬂ?lgg,séqanb%natm@k hlbmamsesibln

in the art. lﬁoslslgcq‘egel% v hayiet! havfng: @7 out er i nperneabl e

_ gt ;@rsﬂépmth@g@me AV ey N, ) a seam

ol ymer 1 anfgiifcap%he felt layer and filmlayer are stitched along

po '

i L ic filmin a form of
| i to forn1aﬂmﬁﬂularﬂkmﬂanmmApQ@&ﬂﬂﬁkQhﬁm%ﬂ?rnnglSsgver seam line in
al?gpe or extruded material is placed on or ektrude

[ il l'i ner. 100901For | arger I|iner
order to ensurj@otd)e IWP6rnE$Q&%#E¥ ’L@%ﬂgﬂ“%ﬁyﬂhémd§ewpuﬂhadé@hgmﬂayers may
di aneters, sevg@ﬁkwlayers 0

be natural or & @i?@yﬁp@mmbm@sgnﬁﬁnﬁ&hﬁ@P@?@Fﬁf%ﬁ%@%kﬁgégﬁﬁﬁﬁg g: a
ARSI aﬁmydma)miQﬁﬂém65%?9%&%%@P§%€g§5?&6%ﬁ@ﬂwﬁWQWEpéﬁMGnmance t

! ; ke 1 - |
Su:tﬁgletEg{yggﬁngﬁ?ﬂiﬂgﬂﬁi§wgan1tenperatures as are well known in the ar
poly

In the initial step in al

[0076] 2, A 27 air supply hose is comected from exhaust end of

air/steam manifold to air inlet on inversion unit. Air pressure and temperature gauges

(tea) are connected to an air/steam manifold,

[00677] 3. A hold back rape and perforated lay flat hose are connected to
the other end of the CIPP liger.

10078] 4. A sujtable lubricant is placed on the absorbent felt layers at the

inlet to the enhancement sleeve placed in the dry portion of the liner.

[0079] The installation sequence ag described in connection with FIGS. 4
though 8 is then followed.

[0080] As shown in FIGS, 14(a) and 14(b) a PVC or rigid pipe sample mold
of metal with an exhaust pipe assembly 16] with a mold 162 and steel pipe 163 in the
far manhole and align it to receive an inverting tube, As the inverting nose nears the
tar manhole, the inversion is stowed to allow the liner to enter sample mold 162 and
steel pipe 163, The inversion is stopped when the nose of the nverting liner is about

one diameter past ihe end of sample mold 162,

[0081] The hold back rope is tied off and the im-ferted liner is ported by
inserting a steel-porting pipe 164 with a piercing point 166 at the lower end and a
valve 167 at upper end. A flange or o-ring 168 is provided a point on porting pipe

164 to prevent pipe 164 from piercing the opposite side of the liner,



trendl ess rehabilitation installations, the existing pipeline is prepared
by cl eaning and vi deotaping. [0091]Prior to conmencing installation
pursuant to the nethod in accordance w th the invention, a curable
thernosetting resin is inpregnated into the felt of a liner by a process
referred to as "wet-out." The wet-out JProcess gener ally involves injecting
resin into the felt layer through the'%nd or an opening formed in the

i nperneable filmlayer, drawi ng a vacuum and passing the inpregnated |iner
through nip rollers as is well known in the lining art. One such procedure
of this vacuuffsapr egnat tlemmmﬁbcﬂe»%@rc! Rednl Patent No.
4,366,012, thg,coptents of . h are |ﬁc8rlglc(5:ﬁélt%odm}$e’?{’gl}?f ’gf/ ipetiggence. A
wide variety of resins pnﬁy”b» md’g’édhe BeKd digerpol ty«estme»rwmweny&paeatt@r s, epoxy
resins and t hels the sunnhiaptio meiiaherng §i ©6inaSd85i e« has &3 Qraﬁf erabl e to
utilize a resin that is relativel y stabl e at room tenperatur & Hut which
cures readil y[oskgn he@g&qh ;R0 ver sion and steam cure
installation of &)J ) eli]ce%%] ikl f%‘ﬁﬁﬁﬁj}‘ 'y PHERPHESaPhedvehéei n i s a
cost effective™d ﬂlde?‘fci\’&iugr‘ﬁ)%ﬁé@mrveue htohe fansitiad dtiadgd ANy alp@gqi(@d' umto

| arge di anet er67( LBiitrol BAihy ednbilfs Sow MSE- Qf enﬁo mto cgr e Wt IL'

deflating the inverted Ilner reqwres proce UF Sd2yshRgseqi f f er greatlyfrom
the nore typi g@ﬂm hot Ccm ' oé t hese sane dianeter CIPP liners. The use
of steam cur e for ‘7'8’?& (hey iy prsior coroppof ﬁlmexlmusah:srmnr ﬁql}li res
different tedpoH @gvvetewatnstthhsat msedmﬁs@rmlﬁizﬁﬁamr%!&%o%f ?”Et er
(6"-15") @P;&lulﬂ&[{% {QQQ J ) oper used, steam
envi r onnent al I$/ (i endl écg\l??fe%@‘r?g %I“T]ﬁ’éﬂﬁd bt ‘é’ranﬁﬁu*?h@@SUIq Iizlbae& onI y about
5% of the wat'8f “f ﬁ‘bﬁ%t’%éﬁ? indolud asjssmtmmm afiat g 1gnergy that would be
used in a hot water cure. Earlier attenpts to extend the use of steamcure
of CIPP |inef®85p di aneb&rbedii isand ab Jhave often resulted in inconplete
cure of the Lower por g }f.g e 1 nst aﬁég‘a“‘%ﬁtﬂpﬁ TRes s atichedrp ths aist

over coni ng t %IO(; clire @r oBF&HIhy® Ter Hig9dar ghe Vmb%ﬁh@steﬁf}cisﬁx@aﬁl g/ or steam
and air have Qdeh rosikiyn nﬁlf1glfdﬁ&lalﬂy01§ﬂ(§ﬁ&§§ ARl 0 i nt roduction of

| arge vol uneg,f; sty gggn]%d%p Lo extend cure c (%% al%l lr?egl%ﬂ?ﬁ‘“ HE¥'®¥4sed ener gy
usage. Even with the extend&d BYFe ey die igad fa'déiﬁrtsmtrtbd inerferegyheef f ecti ve
cure under cBY fuplvid.i @Gled voomd icompicied i it E;Pté,@%ﬂ)st‘&m nisgia S PeLleved

that this hag sheen Ut ification an fite of areas
of condensati on tﬂat col ?é%?gﬁcpﬁmlso alife [Sopntgped 4 ﬁe°2b|thé40éﬁdt dering |iner.

The col | ect e CHRAErSHEErEvel bilbgeasnareis ementea heatveld RSSO the resin

| am nat e frolmgttzhe shpam; Bl anket 1Hot water cure of ‘rediumto
| ar ge di anet Cl PP]BI |1g%r S tggll aﬂg%%m 99 K Ié““bléft welbps dppreRidag el y 1500 to

2500 BTUs pe“v"(dUH’& of resin cured. In contrast smal | di aneter steam cured
liners (6" - 12") require about 700 to 1000 BTUs per pound of resin cured.

[0086] Once the cure cycle is completed, steam
simultaneous]y

a.to? Aare dgﬁl&fh

is stowly shuf off and air is
added to maimain the recommended cure pressure. The liner is then
cooled ¢ o P .

oled down for a minimum of 15 minutes or until the interface temperature is 130°F

at the far end, whichever is longer,

{0087] Steam supply is then shut off at the boiler. When boiler supply hose
pressure reaches zero, the steam supply hose is disconnected. When cool down is

cO e 11 ~ .t o 3
mplete, the aiy compressor is shut off and pressure in ajp hose is released and air
b €l

supply hose is disconnected.



[ 0095] The met hods descri bed consistently achieve a conplete CLPP cure with
about 300 to 500 BTUs per pound of resin even with areas of pondcd
condensate present in the bottomof the CIPP liner. This is possible
because of the use of a steaminjection nethod that controls the steam
injection locations to elimnate thermal stratification and the adverse
effect on cure of ponded condensate. he method al so controls the quantity
and | ocation of steaminjection along the length of the OPP liner to
maxi m ze the heat transfer from each pound of steamto the resin felt

| ami nate bef ol®8Bt | sAexthaustede trRmd hgfar rend, of. the CIPP liner as
condensate or I.Cm;é As d :.@gge {!f'éerde R %k ¥AHET s i nj ect ed

f . 1 [0096] As descri .
into a closed en ‘B§§@%§Wﬁ%ﬁh”ﬁg “n the invert of the expanded OPP I|iner.
An independenb) xhaust port(s) with a control valve is provided to control
the exhaust o er Vipwibindraondeasiateeisforam iyshendimt aly gRe,9f the C PP
liner. The hoseagontiards-AsHNIbEL, of. orifices of appropriate size and
spacing for the siz& ?h?c&ness %ﬁgfﬂ@ﬁb?%i@?ﬂﬁﬁgmﬂﬁ§ﬁawwé¥mwﬁﬁdlong t he
full length of'} Ae® FYdRver mying Beater pmeotcablhgolonif jiesyar qungithe, hose

ci r cunf er enceandriégmdest goedicsa dhat Ls9ardless, of. npse orientation during

pl acenent in %gﬁogLﬁPfhiner_ a nunﬁ rof gﬁﬁﬁ?%g?uglﬁﬁﬁ'fh%mW@H&?h of the
hose will be directed FBWARTHYE adeetes mitoticd hatc@PPphicien.or Thivgecr eat es a
continuous i rjveceinfinoh ostee@mnivid i BpYmRONGEdr neapdensat e through out the
cure cycle. The steaminjected into the condensate heats the condensate

above the t erpgys turg%nﬁqgs§a[yuto.insure cure. [0097] The cl osed end on the
steam i nj ection hose ai‘6%%*P%émWWFébﬁ€ﬁﬂh@S@Sbhﬁﬁn@@MMDmeﬁsun@d$o_be
hi gher than ﬂWéﬁﬂﬁ@ﬂmmaﬁd&ummn@ﬁesﬁu&ﬁf@ﬂb&hﬁh&ﬁ@%&%ﬂﬁﬁﬁmms,%ﬂf i nj ected

st eam noves threugh,thelength of .the hose it is forced ou Bugh the
orifices form %g a st e: gﬁt g.{ag[ﬁ'ke@“vunf’wnh‘%f%@n@wf [ay¢renay Whe sditdbfeer ent i al

.bet ween t he ibﬂlty%lpir'x][?J supfy @s alyeropflettcher stheaMgh Nje86inl.Q8 p&ﬁﬁeraﬂﬂ &a@e i PP
internal pressusghd @SHERApETures as are well known in the art. In the initial step in all
trenchless rehabilitation installations, the existing pipeline is prepared by cleaning and

videotaping,

[0091] Pricr to commencing installation pursuant to the method in accordance
with the invention, a curable thermosetting resin is impregnated into the felt of a liner
by a process referred to as "wet-out.”  The wet-out process generally involves
infecting resin into the felt layer through the end or an opening formed in the
impermeable film layer, drawing a vacuum and passing the impregnated Jiner through
nip rollers as is well known in the lining art. One such procedure of this VaCLIU:‘ﬂ
impregnation is described in Tasituform U.S. Patent No. 4,366,012, the contents of
which are incorporated herein by reference. A wide variety of resins may be used
such as polyester, vinyl esters, epoxy resins and the like, which nray be modified a;
desired. It is preferable to utilize a resin that is refatively stable at room temperature,

but which cures readily when heated.

10092] The air inversion and steam cure installation of Cured In Place Pipe
C}P i 1 a b EX Tl i . e M
(CIPP) liners described her cin i a cost effective and efficient method for installing

and curing medium fo large diameter (187~ 84”) liners. Use of steam to cure without



fromthe injection end of the steaminjection hose.
%ﬂgr2§§?21n?¥: sg?ﬁne of steanl{njected fromeach orifice QecreaSﬁs al ong
the length of the steaminjection hose. 100981This acponpllshfs L reteeamis
things: |. Increase in the residence tinme that the mpjority o the S an
avail abl e inside the CIPP [iner to maximze energy transfer to the rfs n
felt | am nate. 2. ContinuallyZadds additi onal energy to the s ?ﬁ
bl anket as it noves toward the exhaust end of the CIPP liner keepln?he e
rate of energy transfer higher. 3. The steaminjection into

her
st eam bl anketdcadiso tE@M$§§cdt1H1rep§’Lq§i rodtll: &N 8! &H‘n”{i‘r{ 1 n
stratificati X FQ | ncr eases energ? transfer. ”é ?égéiﬁﬂgigggsthfesin
physi cal proS%WP 4 WEer P ofcise pqppetangettir 4Rt lorers. ng<hgsc T ermits
and cat al yst nsyisives)i lapediamakd el bRialsh quHéspd#fer&R uf%-ﬁyﬁo% tﬁaﬁ dtgzﬂ P

tpu of steam
the adj ust nen ce.s ch boiler ou
per hour mAtH&ﬁq%3%%3ﬁ303fﬁhﬁ€“%V%V§’ﬂsﬁéj Tb@@@O]It can readily be seen
that the process in accordance with the invention

[0093] When properly used, steam is a much more environmentally friendly

cure method than water in that if uses only about 5% of the water and between about
15 10 30% of the energy that would be used in a hot water cure. Earlier attempts to
extend the use of steam cure of CIPP liners to diameters 187 and above have often
resulted in incomplete cure of the lower portion of the installed CIPP liner. Attempts
at overcoming this cure problem by using large volumes of steam and/or steam and air
have been only marginally successful. In addition, introduction of large volumes of
steam tend to extend cure cycle time and increased energy usage. Even with the
extended cure cycle and additional energy. effective cure under certain field
conditions is difficult to achieve. It is believed that this has been due to thermal
stratification and the presence of areas of condensation that collects in low sections of
the pipe and curing liner. The collected condensate insulates and prevents heat

transter to the resin laminate from the steam blanket above.

10094] Hot water cure of medium to large diameter CIPP liners typically
requires between approximately 1500 to 2500 BTUs per pound of resin cured. In
contrast, small diameler steam cured liners (67 - 127} require about 700 to 1000 BTUs

per pound of resin cured.

10095] The methods described consistently achieve a complete CIPP cure with
about 300 o 500 BTUs per pound of resin even with areas of ponded condensate
present in the bottom of the CIPP liner. This is possible because of the use of a steam
injection method that controls the steam injection locations fo eliminate thermal
stratification and the adverse effect on cure of ponded condensate. The method also
controls the quantity and location of steam injection along the length of the CIPP liner
o maximize the heat transfer fiom each pound of steam to the resin felt laminate

before it is exhausted from the far end of the CIPP liner as condensate or water vapor.



ily allows one to attain the advantage of curing a resin liner with
¥Fgglt¥rough steam By practicing the process, a tubular nmember can bﬁ
easily inverted through an existing pipeline. Providing an apparatﬁsldaglna
two rigid glands allows an inverting liner to be installed with a ho af
strap and lay flat hose. Use of gap setting devices to naintain the_ggpta
the second gland allows for increas!ﬁg eversion pressure to be applie o]
the conplete profile of the Iiner without increasing the gland pressure on
the inverting liner. Steamis then passed into the |nverted l'iner to

utilize the hioghgr er}%rcg%ngé{ﬁie[cﬂpkt@ddl i 1%}'@%‘3({5}11%61”}09&9&&19% [W@‘ﬂ) nely

9t mAII
t he cure cycl e when compar ed
fﬂagtggsseeﬁ ip b iy B Obf sreade 1PPdH@'abOVEkDaﬂmngﬂhhasmnmaémhapparent

from the precedidgaldesgidvpiel @NecondbiehEfha s @NJIM \%%i%'&@@gélmg& 11%!nnce certain

in ut the above ne
ggﬁ???ﬁc??%nqgégggem?ﬁq ?%LYF“géB WF?H&“WF@NPWH%Oéﬁﬂﬁﬁ%damdms@@pe of the
i nventi on, Iﬁmﬁgﬂdﬂﬁgnﬂéﬂfhhﬂmiaﬁdmﬂﬁhbﬁknﬁﬁ%f@hﬂ@@ﬂﬁﬂ?$Q%@QP%?@r oted as

illustrative and not
under st ood t Kiggigrehgo fhel ilﬂ«gfw'iiwg Of:h(&rt msuamm dniendedndo coverp@lil..af the

f gin d i bed and al
2?2?;;;n?Qdofﬂﬁﬁg*EEgﬁﬁgﬁ%ﬁﬁﬁe B%&Qﬁ&%ﬂ&%&hh?gdmm{ggw (f§& m&?‘?anguage

mi ght be sai d"% &"Falipers nBre clsatesne eqntinup® @At Steand inetdgchoh@id | Nverting

e 0 e tubul ar
iner i nto anih @“‘“S'f‘*;‘r%“aﬁ"ﬂg“’%i% T i e A AR S LR

gl and downst I SamEA %8@&*&5@??”?9%ﬁ¥@ﬁé3WNF%W"@Iand securing the
| eadi ng end of the Ilner to the apparatus upstream of the first gl and,
inverting the¢td97her thy owgh dibhenappatat lﬂﬁecﬂ@a?‘hos%tallkﬁgﬁe Bﬂaecglhgsred

internal pressure to be higher than the internal cure pressure of the CIPP Hiner. Asthe
injected steam moves through the length of the hose it is forced out through the
orifices forming a steam blanket within the CIPP finer. The differential between the
internal pressure of the steam injection hose and the CIPP internal pressure lessens as
the steam move away from the injection end of the steam infection hose. Therefore,
the volume of steam injected from each orifice decreases along the length of the steam

injection hose.
{0098} This accomplishes three things:

. Increase in the residence time thal the majority of the steam is
available inside the CIPP liner to maximize energy transfer to the resin felt
laminate,

2. Continually adds additional energy to the steam blanke( as it moves
toward the exhaust end of the CIPP liner keeping the rate of energy transfer
higher,

3. The steam injection into the steam blanket also causes turbulence,

which eliminates thermal stratification, and increases energy transfer,



installing a fluid inlet port in the inverted portion of the Iiner
downstream of the at |east one gl and; cl osing one of the glands while
the fluid inlet port is on the downstream side of said one of the glands;
introducing a pressurized inversion fluid into the inverted portion of the
i ner through the fluid inlet port; and allowing the liner to invert
in response to the fluid introduced tHrough the fluid inlet port. 2. The
met hod of claiml1, wherein the fluid inlet port is installed prior to
securing the liner to the apparatus. 3. The nethod according to claim1 or

2, wherein thehBbui d Kabghe BRI hyiisSi e two gl ands, the
met hod furt he{lml incl udi, ng}, hst al ?llnig?)%gltéésgﬁﬁgl Il“‘r‘fl é’tﬂmﬁ%tleiigﬁi t he
inverted |iner posrtirdhé %\%é‘tyﬁ@’é}hﬁ'&‘ a‘taﬂ@lgéabnduigham(mTUséku fitue met hod of

claim1, wher mmnathpcadﬁmmmt@i onﬁﬂi‘t@ slzk R hatdh 8GRI 0!112&1% g@t%ﬂ\sagjg ratus is

i nverted priof,t; Y a into the apparatu RO or
trenchl ess rehabi t??é@lg%‘%m(% CULHYER8ET ng pi pel i ne by inverting a flexible
resin inpregnated liner froma first access point to a second access point

and curing th@0FHi n & narthelily baster tihhe PRIHQ, Q&m}lﬁ gwntﬂ the inyen installing
in

an inverted pexdi, QR aving a first flui §°% second
fluid inlet in the F‘?\%/%&rep gélmm Sﬁ]t(’ K W“b"ﬁ’“‘ P %‘“i“ﬁ\?é?ﬁt”éhnqt |V\f!11érﬂowrﬂna>ngh

i nstal | ation %Fﬁb’arlﬁtm@iﬁaﬂlihngmaﬁﬁ lam‘ﬂil!asﬁ]leﬁﬁ&xIcyzeicheaQRﬁﬁ\%Mc?thﬁlu@iP% to allowa

fl attened pordisa hbep ol Qhnve , u a seécond
sel ectively quSr ]gbbzlgrée anl]o{”%é mfﬁé‘”d[t” {mf "’Qﬁ‘?é’ﬁ@&e‘“gﬂ""ﬁb?tﬂi orerdfs t he |iner
e

to invert thet®t Wr%@ﬁa”e\ﬂh@ﬂ@ held heckswepndd glvaid hos. deswngtghgam;and spaced

fromthe firskviglsaadnaihfig i regt of i d. 03| ti Qned between t he
first and se pes d gl abnds and tghlse aseconbdnp %gnﬁf %! bl g osytiBned
downst ream o &~ OS¢ e iodhieompiete profgp @%tiungncu kvehcsemmlsuglaaﬁgdddo engage

the liner; i mtqss;uum 0y invaves Bateenqtunmsqhmq;d 55 H?On tth i 8' (‘;" dqu rnt\é:i% tPFu: idnﬂ] O

|ntothe|nt@[{l C l'i'ne
the liner to é’iugéh : hg&? a\dqiﬂ(ilb H]dlh{., bteam that s1gmf{,antly shortens ilk cure cycle

when compared to hu watez ure.

[00101] 1t will thus be seen that the objects set fort above, among those made
apparent from the preceding description, are efficiently attained and, since certain
changes may be made and carrying out the above method and in the construction set
forth without departing from the spirit and scope of the invention, it is intended that
all matter contained in the ahove description and shown in the accompanying

drawings shall be interpreted as ilfustrative and not in a limiting sense

[00102] It is also 10 be understood that the following claims are intended fo cover
all of the generic and specific features of the invention herein described and all

statements of the scope of the invention which, as a matter of language, might be said
to fall there between.



cooling the cured liner. 6. The nethod of claim5, including:

attaching a hold back strap to the enghof the liner and when the start of
the hold back strap is between the glands, closing the first gland and
opening the second gland to allow the strap to pass therethrough. 7. The
met hod gfaigfti m 6, including attaching a lay flat hose to the distal end of
the liner. 8. The nethod of claim7, wherein the lay flat hose is cl osed
at an end attached to the liner. 9. The nethod of claim?7, including

attachi,ng the_l| at _hose taq th irst . e ng the first
gl and And ogé'ﬁ‘ieﬂ'gc’(ﬂ?é %Veefﬁ 3|”§F.ﬁ“§f?& e(?% th'én‘gcl"{rggu'tt %%m?)lrr\'\gl@‘ Psion until the
lay flat hopgadisg agRkibM tubulahihdp aitbain ipbtdilagoh apparatud Bavihbea filst hrzehdof
claim9, wherein attaching the lay flat hose to the first f|UId i nlet,

i ncl udesd aseeansydlend dowpstream aed spasreapam dom the firgt algad; at t achi ng one

d of I
ond of 30 SLUEAS A0 Tofihg 1, Bf kel eepbaRie ki erifg e
9, whegking;attaching the lay flat hose to the first fluid inlet, includes:

cutting the lay flat hose aboye the first gland: feeding the cut end of the
‘ay flat hodwertingigninardhucbine aaparatip eest ablgast one gfand:

installing a fluid inlet port in the inverted portion of the liner downstream of the
at least one gland;

closing one of the glands while the fluid inlet port is on the downstream side of
said one of the glands;

introducing a pressurized inversion fluid into the inverted portion of the liner
through the fluid inlet port; and

allowing the liner to invert in response to the fluid introduced through the fluid

inlet port.

2. The method of claim 1, wherein the fluid inlet port is installed prior to securing

the liner to the apparatus.

3. The method according to claim 1 or 2, wherein the fluid inlet port is positioned
between the two glands, the method further including installing a second fluid inlet

port in the inverted liner positioned downstream of the second gland.

4. The method of claim 1, wherein a portion of the liner placed into the apparatus

is inverted prior to being placed into the apparatus.

5. A method for trenchless rehabilitation of an existing pipeline by inverting a
flexible resin impregnated liner from a first access point to a second access point
and curing the resin in the liner, the method comprising:

installing an inverted portion of the liner having a first fluid inlet and a second
fluid inlet in the inverted portion of the inverted liner in an installation apparatus
having a first selectively operable gland to allow a flattened portion of the liner to
invert therethrough and a second selectively operable gland to allow the flattened



inserting a bendable tubular rigid sleeve having a flared end into the cut
end of the lay flat hose; banding thel*ay flat hose to the tubular portion
of the sleeve; and inserting the |ay % at hose and tubul ar portion of the
sleeve into the first inlet; whereby the end of the lay flat hose is

fﬂga?:§op%%€mé h?erfﬂoaiheénnﬁé«tét%u@h Wh%réhQﬁé%e%Bﬁdtd?éhd '|§ éb\/\MBiréémand

hose is prevented fromkinking as the sleeve forns a gfra dual
bend tmvdrmcedérm(tba@r@tlgimﬁ the firstihad iehbeingfpasitianadhetweendha firsle | ay

the | oRBEHSONEr AL Ao Bt BEIRI Saiih sttt qubhRleqbErR o0
7, inclsggb,ﬁyggpdm steps of closing the first gland after the lay flat hose

and hol d back strap connection pass therethrough and opening the second
gland to al |cmmg1éha:§ﬁemd gtand © pagage el liventinieduyng dnyersien: fiyiadnio ner .

14. Th S f,  f a port in the
domsth%%qg '§¥eﬂ‘ié e%r {Oqggﬁ&r?@rgrwﬁ‘e &?ﬁeﬂltﬁvbg@% is conplete

wi t hout al | gtrddLciniecurivwefitigdntol therineptaledideathe resibbandhe net hod of claim 5,
wherein the inversion fluid is air and the curing fluid is steam 16. An

ai r i nver si 6ROBR@ING @YRAJIEE apparatus for installing a resin inpregnated
cured in place pipe liner, conprising: a frane having an entry openi ng;

a first selectively operabl e gland nounted to the frame and spaced fromthe
entry épeni Mie rmbthod ofsdlaigl nidchweimy operable to allow a flattened inverted

liner to pass therethr h and to e e | .ner t for a fluid ht
seal zglboulto eHachinger hﬁgggéﬁkts éPetPﬁP‘gLfgw of fhe ‘I?%r @%@% f eeﬁtlaill:R/Qfd@‘ gh
oper a r ddOMs; S e
sgcond hg b%"c}g 5 6|§og)ra ghtetgfea?‘ﬁ t he 'féneee%gétff)rgfnrgg/ert a|tnﬁe§)etghl'?gutghr%at and

to engageommglandrterallbwmmsttapﬂolmasMheg&‘thrcmgal about the liner passed
t heret hrough; and 26

7. The method of claim 6, including attaching a lay flat hose to the distal end of

the liner.

8. The method of claim 7, wherein the lay flat hose is closed at an end attached

to the liner.

9. The method of claim 7, including attaching the lay flat hose to the first fluid
inlet, closing the first gland and opening the second gland and continuing the

inversion until the lay flat hose is resting on the bottom of the liner.

10. The method of claim 9, wherein attaching the lay flat hose to the first fluid inlet,
includes:

cutting the lay flat hose above the first gland,;

attaching one end of an elbow to the cut end of the lay flat hose; and

attaching the other end of the elbow to the first fluid inlet.

11. The method of claim 9, wherein attaching the lay flat hose to the first fluid inlet,
includes:

cutting the lay flat hose above the first gland;

feeding the cut end of the lay flat hose through the first fluid inlet;



means for securing an inverted portion of the liner upstreamfromthe first
gland. 17. The apparatus of claim 16,5 wherein the glands are forned of a
first and second gl and nenber with at | east one of the gland nenbers

sel ectively displaceable to vary the gap between the gl and nenbers. 18.
The apparatus of claim 17, wherein the displaceable nenbers are coupled to
motors for adjusting the gap between the nmenbers. 19. The apparatus of
claim 17, iindentingg kandablstutnier figid eensuhavwag enflares w@nﬁoaﬁa cgd@pred to

t he noveghl nenbers. 20. The apparatus of claim 17, including a
nmot or r‘?ﬁﬁr}ﬁ%ﬁ%ﬁﬂgﬁ%’ frame at the end of each displ aceabl e gl and nenber.

21. The appaaating tht 18} Bathhdss tohertgbmat pertivhtafitse sfezvenandat i ¢ cylinders
nounted on the frane. 22. The apparatus of claim 17, wherein the noveabl e

gl and nenbeinsesting the lagdlabhose aad tubwirneoriearafipe siasyrtiatle the firsidnietane.

23. The app i t : IS | I ce
that [im ts%h%tgp a%néh@og?ﬂqﬁéfﬂn%veael .g%ﬁgu%%ggnggl%{a@ gg@@Rg&Z| and
to enzI thie?ﬁ stéc?ﬁyeezridfcs ttfl_dhfiis@arslét andi thé][tuyr}ﬂgapobetm@mﬁaverhed dgrean kimiendp exssthef t he
secon and. . e apparatus of claim23, erein the gap adjustnent
devi ceS%?NﬁrfP%%aaﬁraﬁﬁ%ﬂsqer@n@“%‘a%&e %@CO&“%@@Wed size to geppl aJced bet ween
the gl and nenbers. 25. The apparatus of claim 23, wherein the gap

adj ust ment devi ce conprises an adjustnment bolt that is adjustable to limt
di spl adenmenfThef metheddofsphiat Zabherajh dnel laefidtchase isZerfastedTaionaiisdeagths of
claim1l6, ortion of the |iner

. Wherein th ns for securi an inverted
upst r eff X‘%}Ht@ﬁgﬂpg?lgi?%lpggdhgg)qﬂgﬁlpgégg%mﬁrmrﬁiﬂp?l ErEIdE mount ed on t he
frame upstream of the first gland for nmounting the liner to be inverted.
13. The method of claim 7, including the steps of closing the first gland after the
lay flat hose and hold back strap connection pass therethrough and opening the

second gland to allow the connection to pass, and continuing to invert the liner.

14. The method of claim 1, including the step of forming a port in the downstream
end of the inverted liner after the inversion is complete without allowing the inverted

liner to deflate.

15.  The method of claim 5, wherein the inversion fluid is air and the curing fluid is

steam.

16.  An air inversion and steam cure apparatus for installing a resin impregnated
cured in place pipe liner, comprising:

a frame having an entry opening;

a first selectively operable gland mounted to the frame and spaced from the
entry opening, the first gland being operable to allow a flattened inverted liner to
pass therethrough and to engage the liner to form a fluid tight seal about the liner
passed therethrough;

a second selectively operable gland mounted to the frame downstream from
the first gland, the second gland being operable to allow the liner to invert
therethrough and to engage the liner to form a fluid tight seal about the liner passed

therethrough; and



27. The apparatus of claim 16, wherein the gland nenbers are rigid netal
bars. 28. The apparatus of claim 16,2é/merei n the gl and nenbers are netal
t ubes.

means for securing an inverted portion of the liner upstream from the first

gland.

17. The apparatus of claim 16, wherein the glands are formed of a first and
second gland member with at least one of the gland members selectively

displaceable to vary the gap between the gland members.

18.  The apparatus of claim 17, wherein the displaceable members are coupled to

motors for adjusting the gap between the members.

19.  The apparatus of claim 17, including at least one motor mounted on the frame

and coupled to the moveable gland members.

20. The apparatus of claim 17, including a motor mounted on the frame at the end

of each displaceable gland member.

21. The apparatus of claim 17, wherein the motors are pneumatic cylinders

mounted on the frame.

22. The apparatus of claim 17, wherein the moveable gland members are guided

by linear guide bearings mounted to the frame.

23. The apparatus of claim 17, further comprising a gap adjustment device that
limits displacement of the moveable gland members of the second gland to ensure

there is at least a minimum gap between the gland members of the second gland.

24. The apparatus of claim 23, wherein the gap adjustment device comprises at

least one spacer of a desired size to be placed between the gland members.

25. The apparatus of claim 23, wherein the gap adjustment device comprises an
adjustment bolt that is adjustable to limit displacement of the displaceable gland

members.
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26. The apparatus of claim 16, wherein the means for securing an inverted
portion of the liner upstream from the first gland comprises a plurality of hooks
mounted on the frame upstream of the first gland for mounting the liner to be

inverted.

27. The apparatus of claim 16, wherein the gland members are rigid metal bars.

28. The apparatus of claim 16, wherein the gland members are metal tubes.



